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KALENDAR.  See  Calendar. 

KALENDS.  See  Calends. 

KEILL  (Dr.  John),  an  eminent  mathematician 
and  philofopher,  was  born  at  Edinburgh  in  1671,  and 
ftudied  in  the  univerfity  of  that  city.  His  genius 
leading  him  to  the  mathematics,  he  made  a great  pro- 
gVefs  lyider  David  Gregory  the  profeflbr  there,  who 
was  one  of  the  hrd  that  had  embraced  and  publicly 
taught  the  Newtonian  philofophy.  In  1694.  fol- 
lowed his  tutor  to  Oxford,  where,  being  admitted  of 
Baliol  College,  he  obtained  one  of  the  Scotch  exhibi- 
tions in  that  college.  It  is  faid  he  was  the  firft  who 
taught  Newton’s  principles  by  the  experiments  on 
* which  they  are  founded  : and  this  it  fcems  he  did  by 
an  apparatus  of  Inftruments  of  his  own  providing  ; by 
which  means  he  acquired  a great  reputation  in  the  uni- 
verfity.  The  firft  public  fpecimen  he  gave  of  his  fleill 
in  mathematical  and  phiiofophical  knowledge,  was  his 
Examination  of  Dr,  Burnet’s  Theory  of  the  Earth  ; with 
liemarks  on  Mr,  Whifloji’ s New  Theory  ; which  appeared 
in  1698.  Thefe  theories  were  defended  by  their  refpec- 
tlve  authors  ; which  drew  from  him,  In  1699,  An  Ex- 
amination of  the  Reflexions  on  the  Theory  of  the  Earthy 
together  with  A Defence  of  the  Remarks  on  Mr,  Whif- 
ton’s  Neav  Theory,  Dr.  Burnet  was  a man  of  great  hu- 
manity, moderation,  and  candour;  and  it  was  therefore 
fuppofed  that  Keill  had  treated  him  too  roughly,  con- 
fidering  the  great  dlfparlty  of  years  between  them. 
Keill  however  left  the  doAor  in  pofleffion  of  chat  which 
has  fmee  been  thought  the  great  charafteriftic  and  ex- 
cellence of  his  work  ; and  though  he  difclalmed  him  as 
a philofopher,  yet  allowed  him  to  be  a man  of  a fine 
VoL.  IL 


imagination.  ‘‘Perhaps,  fays  he,  many  of  his  readers 
will  be  forty  to  be  undeceived  about  his  theory  ; for,  as 
I believe  never  any  book  was  fuller  of  millakes  and  er- 
rors in  philofophy,  fo  none  ever  abounded  with  more 
beautiful  feenes  and  furprifing  images  of  nature.  But 
I write  only  to  thofe  who  might  expcdl  to  find  a true 
philofophy  in  it : they  who  read  it  as  an  ingenious  ro- 
mance, will  ftlll  be  pleafed  with  their  entertainment.” 

The  year  following,  Dr.  Millington,  Sedleian  pro- 
feffor  of  natural  philofophy  in  Oxford,  who  had  been 
appointed  phyfician  to  king  William,  fubllltuted  Keill 
as  his  deputy,  to  read  the  ledlures  In  the  public  fchool. 
This  office  he  difehar^ed  with  great  reputation  ; and, 
the  term  of  enjoying  the  Scotch  exhibition  at  Baliol- 
college.now  expiring,  he  accepted  an  Invitation  from 
Dr.  Aldrich,  dean  of  Chrlft-church,  to  refide  there. 

In  1701,  he  publilhed  his  celebrated  treatife,  intitled, 
IntrocluXio  ad  V cram  Phyficaniy  which  Is  fuppofed  to  be 
the  bed  and  mod  ufeful  of  all  his  performances.  The 
lird  edition  of  this  book  contained  only  fourteen  lec- 
tures ; but  to  the  fecond,  In  1705,  he  added  two  more. 
This  work  was  defervedly  edeemed,  both  at  home  and 
abroad,  a^  the  bed  Introdudllon  to  the  Principla,  or  the 
new  mechanical  philofophy,  and  was  reprinted  in  dif- 
ferent places  ; alfo  a new  edition  In  Englifh  was  printed 
at  London  in  1736,  at  the  Indance  of  M.  Maupertuis, 
who  was  then  in  England. 

Being  made  Fellow  of  the  Royal  Society,  he  pub- 
hdied,  in  the  Philof.  Tranf.  1708,  a paper  on  the  La,ws 
of  Attradfion,  and  its  phyfical  principles : and  being 
offended  at  a paffage  imthe  AXa  Eruditorum  ofLeipiic, 
where  Newton’s  claim  to  the  lird  Invention  of  the  'me- 
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thod  of  Fluxions  was  called  in  queRion,  he  warmly  vin- 
dicated that  claim  againft  Leibnitz,  In  1709  he  went 
to  New-England  as  treafurer  of  the  Palatines;  and  loon 
after  his  return  in  1 7 10,  he  was  chofen  Savilian  profelTor 
of  aftronoray  at  Oxford.  In  171  t,  being  attacked  by 
Ijcibnitz,  he  entered  the  lifts  with  that  mathematician, 
in  the  difpute  concerning  the  invention  of  Fluxions. 
Leibnitz  wrote  a letter  to  Dr.  Hans  Sloane,  then  fecre- 
tary  to  the  Royal  Society,  requiring  Keill,  in  efFed,  to 
make  him  fatisfafllon  for  the  injury  he  had  done  him  in 
his  paper  relating  to  the  paflage  in  the  JlElci  Ihruditorum  ; 
he  protefted,  that  he  -was  far  from  aftuming  to  himfelf 
Newton’s  method  of  Fluxions;  and  therefore  defiied 
that  Keill  might  be  obliged  to  retrad  his  falfe  affertion. 
On  the  other  hand,  Keill  defired  that  he  might  be  pei- 
mitted  to  juftify  what  he  had  alTerted.  He  made  his  de- 
fence to  the  approbation  of  Newton,  and  other  membeis 
of  the  Society.  A copy  of  this  was  fent  to  Leibnitz  ; 
who,  in  a fecond  letter,  remonftrated  ftill  more  loudly 
againft  KeilPsjvvant  of  candour  and  fincenty ; adding, 
that  it  was  not  fit  for  one  of  his  age  and  experience  to 
engage  in  a difpute  with  an  upftart,  who  adled  without 
any  authority  from  Newton,  and  deftring  that  the  Royal 
Society  would  enjoin  him  filcnce.  Upon  this,^  a fpecial 
committee  was  appointed  ; who,  after  examining  the 
faUs,  concluded  their  report  with  ‘‘  reckoning  ^Mr. 
Newton  the  inventor  of  Fluxions  ; and  that  Mr.  Keill, 
in  afterting  the  fame,  had  been  no  ways  injurious  to  Mr, 
Leibnitz.”  The  whole  proceedings  upon  this  matter 
may  be  feen  in  Oollins’s  CiOMYncyciutn  Eptflohcunif  with 
many  valuable  papers  of  Newton,  Leibnitz,  Gregory, 
and  other  mathematicians.  In  the  mean  Fme  Keill 
behaved  himfelf  with  great  firmnefs  and  fpirit  \ which 
he  alfo  Ihewed  afterwards  in  a Latin  cpiftle,  written  In 
1720,  to  Bernoulli,  mathematical  profeftbr  at  Baijl,  on 
account  of  the  fame  ufage  ftiewn  to  Newton:  in  the 
title-page  of  which  he  put  the  arms  of  Scotland,  viz,  a 
Thlftle,^with  this  motto,  Nemo  m:  impune  lacejfit. 

About  the  year  1711,  feveral  objeaions  being  urged 
againft  Nevvton’s  philofophy,  in  fupport  of  Des  Cartes’s 
notions  of  a plenum,  Keill  publiftied  a paper  in  the 
Philof.  Tranf.  on  the  Rarity  of  Matter,  and  the  Tenuity 
of  its  Co'mpofition.  But  while  he  was  engaged  m this 
difpute,  queen  Anne  was  pleafed  to  appoint  him  her 
Decipherer  ; and  he  continued  in  that  place  under  king 
George  the  Firft  till  the  year  1716.  The  univerfity  of 
Oxford  conferred  on  him  the  degree  of  M.  D.  in  t 7 ! 3 ; 
and,  two  years  after,  he  publiflied  ah  edition  of  Com- 
mandine’s  Euclid,  with  additions  of  his  own.  In  17  i 8 
he  publifhed  his  IniroduNio  ad  Veram  AJironomiam : 
which  was  afterwards,  at  the  requeft  of  ^the  duchefs^of 
Chandos,  tranflated  by  himfelf  into  Lngllfti ; and,  with 
feveral  emendations,  publifhed  in  under  the  title 

of  AfL  IniroduBton  to  True  AJlronomy^  &c.  This  was  his 
laft  gift  to  the  public  ; being  this  fummer  feized  vrith  a 
violent  fever,  which  terminated  his  life  Sept,  i,  in  the 
coth  year  of  his  age. 

His  papers  in  the  Philof.  Tranf.  above  alluded  to,  are 

contained  In  volumes  26' and  29. 

Keill  (Dr.  James)^  an  eminent  phyfician  apd  phllo- 
fbpber,  and  younger  brother  of  Dr.  John  Keill  above 
mentioned,  was  alfo  born  in  Scotland,  in  1673*  Having 
travelled  abroad,  on  Ills  return  he  read  ledfcures  on  Ana- 
tomy with  great  applaufe  in  the  univerftties  of  Oxford 


] 

and  Cambridge,  by  the  latter  of  v.diich  he  had  the  de- 
gree of  M,  D.  conferred  upon  him.  In  1703'  he  fettled 
at  Northampton  as  a phyfician,  where  he  died  of  a 
cancer  in  the  mouth  in  1719.  His  publications  are 

1.  An  Englifh  tranfiation  of  Lemery’s  Chemillry. 

2.  On  Animal  Secretion,  the  quantity  of  Blood  in 
the  Human  Body,  and  on  Mufcular  Motion. 

3.  A treatife  on  Anatomy. 

4.  Several  pieces  in  the  Philof.  Tranf.  volumes  25 
and  30. 

KEPLER  (John),  a very  eminent  aftronom.er  and 
mathemiatician,  was  born  at  Wiel,  in  the  county  of 
Wirtemberg,  in  1571.  He  was  the  difciple  of  Mieft- 
linus,  a learned  mathematician  and  aftronomer,  of  whom 
he  learned  thofc  faiences,  and  became  afterwards  profef- 
for  of  them  to  three  fucceffive  emperors,  viz.  Matthias, 
Rudolphus,  and  Ferdinand  the  2d. 

To  this  fagacioiis  philofopher  we  owe  the  firft  difeo- 
very  of  the  great  laws  of  the  planetary  motions,  viz. 
thaCthe  planets  deferibe  areas  that  are  always  propor- 
tional to  the  times  ; that  they  move  in  elliptical  orbits, 
having  the  fun  In  one  focus  ; and  that  the  fquares  of 
their  periodic  times,  are  proportional  to  the  cubes  of 
their  mean  diftances  ; which  are  now  generally  knoviui 
by  the  name  of  Kepler’s  Laws.  But  as  this  great  man 
ftands  as  it  were  at  the  head  of  the  modern  reformed 
aftronomy,  he  is  highly  deferving  of  a pretty  large  ac- 
count, which  we  fiiall  extract  chiefly  from  the  words  of 
that  great  mathematician  Mr.  Maclaurin. 

Kepler  had  a particular  paflTion  -for  finding  analogies 
and  harmonies  in  nature,  after  the  manner  of  the  Pytha- 
goreans and  Platonifts  ; and  to  this  difpofition  we  owe 
filch  valuable  difeoveries,  as  are  more  than  fufiicient  to 
excufe  his  conceits.  Three  things,  he  tells  us,  he  anx- 
ioufly  fought  to  find  out  the  reafon  of,  from  his  early 
youth  ; viz.  Why  the  planets  were  6 in  number?  Why 
the  dimenfions  of  their  orbits  were  fuch  as  Copernicus 
had  deferibed  from  obfervations  ? And  what  was  the 
analogy  or  law  of  their  revolutions  ? He  fought  for 
the  reafons  of  the  two  firft  of  thefe,  in  the  properties  of 
numbers  and  plane  figures,  without  fuccefs.  But  at 
length  reflediing,  that  while  the  plane  regular  figures 
may  be  infinite  in  number,  tlie  regular  foiids  are  only 
five,  as  Euclid  had  long  ago  demonftrated  : he  ima- 
gined, that  certain  myfteries  in  nature  might  correfpond 
with  this  remarkable  limitation  inherent  in  the  effenccs 
of  things  ; and  the  rather,  as  he  found  that  the  Pytha- 
goreans had  made  great  ufe  of  thofe  five  regular  foiids  in 
their  philofophy.  He  therefore  endeavoured  to  find  fome 
relation  between  the  dimenfions  of  thefe  foiids  and  the 
intervals  of  the  planetary  fpheres  ; thus,  imagining  that 
a cube,  inferibed  in  the  fphere  of  Saturn,  would  touch 
by  its  fix  planes  the  fphere  of  Jupiter;  and  that  the 
other  four  regular  lolids  in  like  manner  fitted  the  inter- 
vals that  are  between  the  fpheres  of  the  other  planets  : 
he  became  perfuaded  that  this  was  the  true  reafon  why 
the  primary  planets  were  precifely  fix  in  number,  and' 
that  the  author  of  the  world  had  determined  their  dif- 
tances from  the  fun,  the  centre  of  the  lyftem,  from  a 
regard  to  this  analogy.  Being  thus  pofteffed,  as  he 
thought,  of  the  grand  fecret  of  the  Pythagoreans,  and 
greatly  pleafed  with  his  difeovery,  he  publifhed  it  in 
1596,  under  the  title  of  Myjlerium  Cofmographicum  ; 
and  was  for  fome  time  fo  charmed  with  it,  that  he  faid 
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he  would  not  give  up  the  honour  of  having  invented 
W'hat  was  contained  in  that  bookj  for  the  elciidoiate  of 

Saxony.  , rn  i i. 

Kepler  fent  a copy  of  this  book  to  i ycho  brahe, 

who  did  not  approve  of  thofe  abftraa  fpeculations  con- 
cerning the  fyftem  of  the  world,  but  wrote  to  Kepler, 
firil  to  lay  a folid  foundation  in  obfervations,  and  then, 
by  afcending  from  them,  to  endeavour  to  come  at  the 
caufes  of  things.  Tycho  however,  pleafed  with  his  ge- 
nius, was  very  defirous  of  having  Kepler  with  him  to 
affiil  him  in  his  labours:  and  having  fettled,  under  the 
protedlion  of  the  emperor,  in  bohemia,  where  he  pafTcd 
the  lad  years  of  his  life,  after  having  left  Ins  native 
country  on  fome  ill  iifage,  he  prevailed  upon  Kepler  to 
leave  the  univerfity  of  Cxratz,  and  remove  into  bohemia, 
with  his  family  and  library,  in  the  year  1600.  But 
Tycho  dying  the  next  year,  the  arranging  the  obfer- 
vations devolved  upon  Kepler,  and  fiom  that  time  he 
had  the  title  of  Mathematician  to  the  Emperor  all  his 
life,  and  gained  continually  more  and  more  reputation 
by  his  works.  The  emperor  Rudolph  ordered  him  to 
finllh  the  tables  of  Tycho  Brahe,  wdiich  were  to  be  called 
the  RudoJpJnnc  Tables,  Kepler  applied  diligently  to  the 
work:  but  unhappy  are  thofe  learned  men  wlio  depend 
upon  the  good-humour  of  the  intendants  of  the  finances  , 
the  treafurers  w'ere  fo  ill-affe6fed  towards  our  author, 
that  he  could  not  publlfh  thefe  tables  till  1627.  He 
died  at  Ratifbon,  in  1630,  where  he  was  follciting  the 
payment  of  the  arrears  of  his  penfion. 

Kepler  made  many  important  difcoveries  fiom  Ty'- 
cho’s  obfervations,  as  well  as  his  own.  He  found,  tiiat 
aftronomers  had  erred,  from  the  firft  rife  of  tlie  fciencc, 
in  afcriblng  always  circular  orbits  and  uniform  motions 
to  the  planets  ; that,  on  the  contrary,  each  of  them 
moves  m an  elliphs  wdiich  has  one  of  its  foci  in  the  fun  , 
that  the  motion  of  each  is  really  unequable,  and  varies 
fo,  that  a ray  fuppofed'  to  be  always  drawn  from  the 
planet  to  the  fun  defcrlbes  equal  areas  in  equal  times. 

It  was  fome  y^ears  later  before  he  dlfcovcred  the  ana- 
logy there  is  between  the  dlllances  of  the  feveral  planets 
from  the  fun,  and  the  periods  in  which  they  complete 
their  revolutions.  He  eafily''  fawq  that  the  higliei  pla- 
nets not  only'  moved  in  greater  circles,  but  alio  more 
dowdy  than  the  nearer  ones  ; fo  that,  on  a double  ac- 
count, their  periodic  times  w'ere  greater.  Saturn,^  for 
example,  revolves  at  the  dillance  fiorn  the  fun  times 
greater  than  the  eartli^s  mftance  from  it  5 and  the  ciicle 
defcrlbed  by  Saturn  is  in  the  fume  proportion  : but  as 
the  earth  revolves  in  one  year,  fo,  if  their  velocities  w’cre 
equal,  Saturn  ought  to  revolve  in  q y'cars  and  a half, 
whereas  the  periodic  time  of  Saturn  is  about  2q  years. 
The  periodic  times  of  the  planets  increafe,  therefore,  in 
s greater  proportion  than  their  dillaiices  fiom  the  fun  . 
but  y'et  not  in  fo  great  a propoition  as  the  fquares  of 
thofe  diftances  ; for  if  that  were  the  law'  of  the  motions, 
(the  fquare  of  q|  being  qo^),  the  periodic  time  of  Sa- 
turn ought  to  be  above  qo  years.  A mean  proportion 
between  that  of  the  diftances  of  the  planets,  and  tlia».  of 
the  fquares  of  thofe  diftances,  is  the  true  proportion  of 
the  periodic  times  ; as  the  mean  between  q and  its 
fquare  go|,  gives  the  periodic  time  of  Saturn  in  years. 
Kepler,  after  having  committed  feveral  miftakes  in  de- 
termining this  analogy,  hit  upon  it  at  laft,  May  the 
1618  ; for  he  is  fo  particular  as  to  mention  the  precife 
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day  wKen  be  found  that  “ The  fquares  of  the  perlodiV 
times  were  always  in  the  fame  proportion  as  the  cube? 
of  their  mean  diftances  from  the  fun. 

When  Kepler  faw',  according  to  better  obfervations^ 
that  his  difpofitlon  of  the  five  regular  folids  among  the 
planetary  fpheres,  was  not  agreeable  to  the  inteivals  be*- 
tvveen  their  orbits,  be  endeavoured  to  difcovei  other 
fehemes  of  harmony.  Tor  this  piirpofc,  he  compared 
the  motions  of  the  fame  planet  at  its  greateft  and  lead 
diftances,  and  of  the  different  planets  in  their  feveral  or- 
bits, as  they  would  appear  view'ed  from  the  fun  ; and 
l;ere  he  fancied  that  he  found  a fimilitude  to  the  divi- 
fons  ot  the  o6fave  in  muftc.  Tl  lieie  w'cre  the  dreams  of 
t'nis  ir.^^'enious  man,  which  he  was  fo  fond  of,  that,  heal- 
ing of  the  difcovcry  of  four  new  planets  (the  fatellitesof 
liipiter)  by  Galileo,  lie  owns  that  his  ftrft  reileftlong 
were  from  a concern  how  he  coidd  fave  Iiis  favourite 
fcheme,  which  was  threatened  by  this  addition  to  the 
number  of  the  planets.  The  fame  attachment  led  him 
into  a w'Tong  judgment  concerning  the  fpheie  of  the 
fixed  ftars  : for  being  obliged,  by  his  do6lrine,  to  allow 
a vaft  fuperiority'  to  the  fun  in  the  univerfe,  he  reft'rains 
the  iixed  ftars  wuthin  very  narrow  limits.  Nor  did  he 
confider  them  as  funs,  placed  in  the  centres  of  their  fe- 
veral fyilems,  having  planets  revolving  round  them  ; as 
the  other  follow'crs  of  Copernicus  have  concluded  them 
to  be,  from  their  having  light  in  themfelves,  from  their 
immenfe  diftances,  and  from  the  analogy  of  nature.  Not 
contented  with  thefe  harmonies,  w'bich  he  had  learned 
from  the  obfervations  of  Tycho,  he  gave  himfelf  the  li- 
berty' to  imagine  feveral  other  analogies,  that  bave  no 
foundation  in  nature,  and  are  overthrowm  by  the  beft 
obfervations.  Thus  from  the  opinions  of  Kepler,  though 
moft  juftly'  admired,  w'e  are  taught  the  danger  of  efpoul- 
ing  principles,  or  hy'pothefes,  borrowed  fiom  aoftiadt 
fciences,  and  of  applying  them,  W'ltli  fucli  iieedom,  to. 
natural  enquiries. 

A more  recent  inftance  of  this  fondnefs,  for  difcover- 
ing  analogies  between  matters  of  abftraiff  fpeculation, 
and  theconltltution  of  natur^,  we  find  in  Huygens,  one 
of  the  greateft  geometricians  and  aftronomers  any  age 
has  produced  : when  he  bad  difcovered  that  fatelhte  of 
Saturn,  which  from  him  is  ftill  called  the  Huygenian 
fatelHte,  this,  with  our  moon,  and  the  four  fatellltes  of 
Jupiter,  completed  the  number  of  fix  fecondary  planets 
then  difcovered  in  the  fyftem  ; and  becaufe  the  number 
of  primary  planets  w'as  alfo  fix,  and  this  number  is  called 
by  mathematicians  a perfeft  number  (being  equal  to  the 
fum  of  its  aliquot  parts,  1,  2,  3,)  Huygens  was  hence 
induced  to  believe  that  the  number  of  the  planets  was 
complete,  and  that  it  was  in  vain  to  look  for  any  more. 
This  is  not  mentioned  to  leffen  the  credit  of  this  great 
man,  who  never  perhaps  realoned  in  fuch  a manner  oil 
any  other  oecafion  ; but  only  to  ftiew,  by  another  in- 
ftance, how  ill-grounded  reafonings  of  this  kind  have 
always  proved.  For,  not  long  after,  the  celebrated 
Caffmi  difcovered  four  more  fatcllites  about  Saturn,  not 
to  mention  the  two  more  that  have  lately  been  difcovered 
to  that  planet  by  Dr.  Herfchel,  with  another  new  pri- 
mary planet  and  its  two  fatellltes,  beiidcs  many  others, 
of  both  forts,  as  yet  unknown,  which  poflibly  may  be- 
long to  our  fyftem.  The  fame  Caffini  having  found  that 
the  analogy,  difcovered  by  Kepler,  between  the  periodic 
times  and  the  diftances  from  the  centre,  takes  place  in 
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tl'ic  leiTer'ryfteLns  of  Jupiter  and  Satiinij  as  ivell  as  in  the 
‘gfeat  folar  fyilem  ; his  obfervations  overturned  that 
groundlefs  analogy  vvhicli  had  been  imagined  between 
*thc  number  of  the  planets,  both  primary  and  fecondary, 
and  the  number  hx  : but  eftablifhed,  at  the  fame  time, 
that  haianony  in  their  motions,  which  will  afterwards 
fippear  to  flow  from  one  real  principle  extended  over 
the  univerfe. 

But  to  return  tq  Kepler;  his  great  fagacity,  and  con- 
tinual meditations  on  the  planetary  motions,  luggefled 
to  him  fome  views  of  the  true  principles  from  which 
thefe  motions  fh>vv.  In  his  preface  to  tlie  Commentaries 
concerning  the  planet  Mars,  he  fpeaks  of  gravity  as  of  a 
power  that  was  mutual  between  bodies,  and  tells  us,  that 
the  earth  and  moon  tend  towards  each  other,  and  u'muld 
meet  in  a point,  fo  many  times  nearer  to  the  earth  than 
to  the  mmon,  as  the  earth  is  greater  than  the  moon,  if 
their  motions  did  not  hinder  it.  lie  adds,  that  the 
tides  arife  from  the  gravity  of  the  waters  towards  the 
moon.  But  not  having  notions  fufficiently  juft  of  the 
laws  of  motion,  it  feerns  he  was  not  able  to  m.ake  the 
beft  ufe  of  thefe  thoughts  ; nor  does  it  appear  that  he 
adhered  to  them  fteadily,  fmee  in  his  Epitome  of  Aftro- 
nomy,  publifhed  many  years  after,  he  propofes  a phyft- 
cal  account  of  the  planetary  motions,  derived  from  dif- 
ferent principles. 

He  ruppofes,  m that  treatife,  that  the  motion  of  the 
lull  on  his  axis,  is  preferved  by  fome  inherent  vital  prin- 
ciple ; that  a certain  virtue,  or  immaterial  image  of  the 
lun,  is  diitufed  with  his  rays  into  the  ambient  fpaces, 
and,  revolving  with  the  body  of  the  fun  on  his  axis, 
takes  hold  of  the  planets,  and  carries  them  along  v/ith 
It  in  the  fame  direHion  ; like  as  a loadftone  turned 
round  near  a magnetic  needle,  makes  it  turn  round  at 
the  fame  time.  The  planet,  according  to  him,  by  its 
inertia,  endeavours  to  continue  in  its  place,  and  the 
adion  of  tlie  fun’s  image  and  this  inertia  are  in  a perpe- 
tual ftruggle-  He  adds,  that  this  adion  of  the  fun,  like 
his  light,  decreafes  as  the  diftance  increafes  ; and  there- 
fore moves  the  fame  pland  with  greater  celerity  when 
nearer  the  iun,  than  at  a greater  diftance.  To  account 
for  the  planet’s  approaching  towards  the  fun  as  it  de- 
feends  from  the  aphelion  to  the  perihelion,  and  receding 
from  tlie  fun  vvdule  it  afeends  to  the  aphelion  again,  he 
iuppofes  that  the  fun  attrads  one  part  of  each  planet, 
and  repels  the  oppofite  part;  and  that  the  part  attraded 
is  turned  towards  the  fun  in  the  defeent,  and  the  other 
towards  the  fun  in  the  afeent.  By  fuppofitions  of  this 
kind,  he  endeavoured  to  account  for  all  the  other  va- 
rieties of  the  celeftial  motions. 

But,  now  that  the  laws  of  motion  are  better  known 
than  in  Kepler’s  time,  it  is  eafy  to  ftiew  the  fallacy  of 
every  part  of  this  account  of  the  planetary  motions. 
The  planet  does  not  endeavour  to  flop  in  confequence 
of  its  inertia,  but  to  perfevere  in  its  motion  in  a right 
line.  An  attradive  force  makes  it  defeend  from  the 
uphelion  to  the  perihelion  in  a curve  concave  towards 
the  fun  ; but  the  repelling  force,  which  he  fuppofed  to 
begin  at  the  perihelion,  would  caufe  it  to  afeend  in  a 
figure  convex  towards  the  fun.  There  will  be  occafion 
to  fhew  afterwards,  from  Sir  ffaac  Newton,  how  an  at- 
tradion  or  gravitation  towards  the  fun,  alone  produces 
the  effeds,  v/hich,  according  to  Kepler,  required  both 
Till  attradive  and  repelling  force  y and  that  the  virtue 
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which  he  afcribed  to  the  fun’s  image,  propagated  into 
the  planetary  regions,  is  unnecefiary,  as  it  could  be  of 
no  life  for  this  effed,  though  it  weke  admitted.  For 
now  his  own  prophecy,  with  which  he  concludes  his 
book,  IS  verified;  where  he  tells  us,  that the  difeovery 
-of  fuch  things  was  referved  for  the  fucceediiio- 
when  the  aiithur  of  nature  would  be  pleafed  to  reveal 
thefe  myfteries.” 

The  works  of  this  celebrated  author  are  many  and 
valuable ; as,  ' ^ ' 

1 . hi i s C ofmo graphical  Myfiery , in  1^96, 

2.  Optical  yfjironoiriy^in  i6oy, 

3.  -Accovnl.  of  a New  Star  in  Sagittarius,  160^, 

4.  New  AJronomyi  or,  CelejSial  Phyficsyhi  Commen- 
taries on  the  planet  Mars. 

5.  D'^ertations i with  tlie  Nunclus  Siderius  of  Galileo. 

1610.  ^ 

- 6.  l\ew  Gauging  of  Wine  Cajhs,  1613.  Said  to  be 
vyritten  on  occafion^  of  an  erroneous  mkafureraent  of 
the  wine  at  his  marriage  by  the  revenue  oiftcer. 

7.  New  Aphemerides,  from  1617  to  1620. 

8.  Copernican  Syfem,  three  firil  books  of  the,  i6i3 

9.  Narmo-ny  of  the  World;  and  three  books  of  ComeL 

1619.  ^ 

Cofmographical  Myfery,  2d  edit,  with  Notes, 
Coper  me  an  Jfronomy the  three  laft  books, 

12,  logarithms,  1624;  Tind.  t\it  Supplement,  m 1627, 

13.  -His  Tahies,  called  the  Rudolphine 

lablcs,  in  honour  of  the  emperor  Rudolrdus,  his^reat 
and  learned  patron,  in  1627.  ^ ^ 

i 4y of  the  Copernican  Afronomy,  1637, 

Bciiae  theie,  ue  wrote  feveral  pieces  on  various  other 
branches,  as  Geometry  of  Solids,  Trigonometry, 

and  an  excellent  treatife  of  Dioptrics,  for  that  time. 

Kepler’s  Laws,  are  thole  laws  of.  the  planetary 
motions  difcovered  by  Kepler.  Thefe  difcoverieshi 
t le  rminaane  iyftera,  are  commonly  accounted  two, 
VIZ.  Ill,  luat  the  planets deferibe  about  the  fun,  areas 
thaj  are  proportional  to  the  times  in  which  they  are  de- 
scribed, namely,  by  a line  conneding  the  fun  and  pla- 
net ; and  2d,  That  the  fquares  of  the  times  of  revolu- 
tion, are  as  the  cubes  of  the  mean  diitances  of  the  pla- 
nets from  the  fun.  Kepler  difcovered  allb  that  the  orbits 
of  the  planets  are  elliptical 

Thefe  difeoveries  of  Kepler,  however,  were  only 
found  out  by  many  trials,  in  fearching  among  a great 
number  of  auronomica!  obfervations  and  revolutions 
what  rules  and  laws  were  found  to  obtain.  On  the 
other  hand,  Newton  has  dernonftrated,  a priori,  all  tiled 
laws,  ftiewmg  that  they  muft  obtain  in  the  mundane 
fyltera,  from  the  laws  of  gravitation  and  centripetal 
force^;  viz,  the  firft  of  thefe  laws  refulting  fiom  a 
centripetal  lorce  urging  the  planets  towards  the  fun. 
and  the  2d,  trom  the  centripetal  force  being  in  an  in- 
vert nitio  of  the  Iquare  of  the  diflance.  And  the  d- 
iptic  form  of  the  01  bits,  from  a projedile  force  regu- 
lated by  a centripetal  one. 

Kepler  s Problem,  is  the  determining  the  true  from 
Ihe  mean  anorndy  of  a planet,  or  the  determining  its 
place,  in  its  elliptic  orbit,  anfwering  to  any  iriyen 
time  ; and  io  named  from  the  celebrated  allronomer 
Kepler,  who  lirll propofed  it.  See  Anomaly. 
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Tlie  general  date  of  the  problem  is  this:  To  find 
the  polition  of  a right  line,  which,  palling  thrcnigh  one 
of  ilie  foci  of  an  ellipfis,  fiiall  cut  off  an  area  which  fliall 
be  in  any  given  proportion  to  the  whole  area  of  the  el- 
lipfis  ; which  refults  from  this  pro])etty,  that  Inch  a 
line  fweeps  areas  that  are  proportional  to  the  times. 

Many  iolutions  have  been  given  of  this  problem,  fome 
direct  and  geometrical,  othei*s  not  : viz,  by  Kepler, 
Biilhald,  Ward,  Newton,  Keill,  Machin,  See.  See  New- 
toids  Princip.  lib.  i.  prop.  31,  Keill’s  Allron.  Lect. 
23,  Philof.  IVanf.  abr.  vol.  8.  pa.  73,  Sec. 

In  the  lall  of  thefe  places,  Mr.  Machin  obferves,  that 
many  attempts  have  been  made  at  different  times,  but 
with  no  great  fuccefs,  towards  the  folution  of  the  pro- 
blem propofed  by  Kepler  : To  divide  the  area  of  a fe- 
micircle  into  given  parts,  by  a line  drawn  from  a given 
point  in  the  diameter,  in  order  to  find  an  univerlal  rule 
for  tlic  motion  of  a body  in  an  elliptic  orbit.  For 
among  the  feveral  methods  offered,  fome  are  only  true 
in  fpeculation,  but  are  really  of  no  fervice  ; others  are 
not  different  from  his  own,  wliich  he  judged  impro- 
per. And  as  to  the  reft,  they  are  all  fo  limited  and 
confined  to  particular  conditions  and  circumftances,  as 
ft  ill  to  leave  the  problem  in  general  untouched.  To  be 
more  particular  ; it  is  evident,  that  all  conilrudfions  by 
mechanical  cuiwes  are  feeming  folutions  only,  but  in  re- 
ality unapplicabic  ; thac  the  roots  of  infinite  ferics  are, 
on  account  of  tlieir  known  limitations  in  all  refpedls,  fo 
far  from  being  fufftcient  rules,  that  they  ferve  for  little 
more  than  exercifes  in  a method  of  calculation.  And 
then,  as  to  the  univerfal  method,  which  proceeds  by 
a continued  correction  of  the  errors  of  a falfe  pofition, 
it  is  no  method  of  folution  at  all  in  itfelf ; becaufc,  un- 
lefstfieve  be  fome  antecedent  rule  or  hypothefisto  begin 
the  operation  (as  fuppofe  that  of  an  unifornr  motion 
about  the  upper  focus,  for  the  orbit  of  a planet  ; or 
that  of  a motion  in  a parabola  for  the  perihelion  pan 
of  the  orbit  of  a comet,  or  fome  other  fuch),  it  would 
be  impofhble  to  proceed  one  ftep  in  it.  ]3nt  ns  no  ge- 
neral rule  has  ever  yet  been  laid  down,  to  afiift  this  me- 
thod, fo  as  to  make  it  always  operate,  it  is  the  fame 
in  efteft  as  if  there  were  no  method  at  all.  And  ac- 
cordingly in  experience  it  is  found,  that  there  is  no 
rule  now  fublifting  !)ut  what  is  ablblutely  ufelefs  in  the, 
elliptic  orbits  of  comets  ; for  in  fuch  cafes  thei'e  is  no 
other  way  to  proceed  but  tliat  whicli  was  ufed  by  Kep- 
ler : to  compute  a table  for  fame  part  of  the  orbit, 
and  in, it  exjjmine  If  the  time  to  which  the  place  is 
required,  will  fall  out  any  where  in  that  part.  So  that, 
upon  the  whole,  it  appears  evident,  that  this  problem, 
contrary  to  the  received  opinion,  has  never  yet  been 
advanced  one  ftep  towards  Its  true  folutiou. 

Mr.  Machin  then  proceeds  to  give  his  own  folution 
of  this  problem,  which  is  particularly  ncceffary  In  or- 
bits of  a great  excentricity ; and  he  illuftrates  his  me- 
thod by  examples  for  the  orbits  of  Venus,  of  Mercury, 
of  the  comet  of  the  year  1682,  and  of  the  great  comet 
of  the  year  1680,  fufficlently  fnewing  the  univerfality 
of  the  method. 

KEY,  in  Mufic,  is  a certain  fundamental' note,  or 
tone,  to  which  the  whole  piece,  be  it  concerto,  fonata, 
cantata.  See,  is  accommodated  ; and  with  which  it  ufu- 
ally  begins,  but  always  ends. 

Keys  denote  alfo,  in  an  organ, 'harpfichord;  See,  the 


pieces  of  wood  or  ivory  which  are  llruck  by  the  fingers? 
in  playing  upon  the  iiiftrument. 

Key  STONE,  the  middle  vouftbir,  or  the  arch  ftone  in 
the  top,  or  immediately  over  the  centre  of  an  arch.-— 
The  length  of  the  keyftone,  or  thicknefs  of  the  archi- 
volt  at  top,  is  allowed  by  the  beft  arcliitefts,  to  be  about 
the  I 3th  or  1 6th  part  of  the  fpan. 

KILDERKIN,  a kind  of  liquid  meafurc,  containing 
two  hikins,  or  18  gallons,  beer-rneafure,  or  16  ale- 
meafure. 

KlNG-p/te-f,  or  King-/joj9,  is  a piece  of  timber  fet 
iiprlgot  in  the  middij,  between  two  principal  rafters, 
and  having  ftruts  or  braces  going  from  it  to  the  middle 
of  each  rafter. 

KIRCH  (Christian  Frederic),  of  Berlin,  a ce- 
lebrated aftronomer,  was  born  at  Guben  in  1694.  Fie" 
acquired  great  reputation  in  the  obfervatories  of  Dant- 
zic  and  Berlin.  Godfrey  Kirch  his  father,  and  Mary 
Ills  mother,  alfo  acquired  eonfiderable  I'eputation  by 
their  aftroiiomical  obfervations.  This  family  corre- 
fponded  with  all  tlie  learned  focieties  of  Europe,  and 
their  aftronomical  works  are  in  great  repute. 

KTRCHER  (Athanasius),  a famous  philofopher 
and  mathematician,  was  born  at  Fulde  in  1601.  He 
entered  into  the  fociety  of  the  Jefults  in  1618,  and 
taught  phllofophy,  mathematics,  the  Hebrew  and  Sy- 
riac Languages,  in  the  univerfity  of  Wirtlburg,  with 
great  agplaufe,  till  the  year  1631.  He  retired  to 
France  on  account  of  the  ravages  committed  by  the 
Swedes  in  lYanconia,  and  lived  fome  time  at  Avignon. 
He  was  afterwards  called  to  Rome,  wlicre  he  tauo-ht 
mathematics  in  tlie  Roman  college,  colledlcd  a rich  ca- 
binet of  machines  and  antiquities,  and  died  in  1680,  in 
the  80th  year  of  his  age. 

I he  quantity  of  his  woiks  is  immenfe,  amountino-  to 
2 2 volumes  in  folio,  i 1 in  quarto,  and  three  in  oHa^o  ; 
enough  to  employ  a man  for  a great  part  of  his  life 
even  to  traiifcribe  them.  Moft  of  them  arc  i-2!ther  cu- 
rious than  ufeful  ; many  of  tliem  vlfionary  and  fanciful ; 
and  it  is  not  to  be  wondered  at,  if  they  are  not  always 
accompanied  with  the  greateft  cxaclnefs  and  preci- 
fion.  The  principal  of  them  are,, 

Pn  thtfiones  Ma<ynctk,i:. 

PrhniU.v  Gnomonic.t 
/ks  magna  1 .uds  ct  IJmhrd. 

Miifurgm  U niv.rjdlis . 

OheUfeus  P amphillus. 

6.  Oedipus  ^ ; 4.  volumes  folio. 

7.  Itinerarhtm  Kxtaticun:. 

8.  OheUfciis  JEgypUaciis  ; 4 volumes  folio. 

9.  Mundus  Subterrantits. 

10.  China  lllujlrata. 

KNOT,  a tye,  or  complication  of  a rope,  cord,, 
or  .ftring,  or  of  tlie  ends  of  two  together.  There 
are  divers -lorts  of  knots  ufed  for  different  purpofes,., 
which  may  be  explained  by  (hewing  tiie  figures  oftheni- 
open,  or  undrawn,  thus.  i.  Fig.  r,  plate  xill.  is  ic 
Thumb  knbt.  Tliis  is  the  fimpleft'of  allv  It  is  ufed  to 
tye- at  the  end  of  a rope,  to  prevent  its  opening  out 
it  is  qifo  ufed  by  taylors  See.  at  the  end  of  their  thread. 

Eig.  2,  a 'Poop  knot.,  • Ufed  to  join  pieces  of  rope- 
&c.  togetheY,  - 'V 

Fig.  3,  a P>ra<w  knot,  which  is  the  fame  as  the  laft 
only  one  end  or  both  return  the  fame  way  back,  a-js 

a kc  d^ 
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al  c d.  By  drawing  at  the  part  h c cl  comes 
through,  and  the  knot  is  loofed. 

Fig.  4,  a Ring  hnot.  This  ferves  aifo  to  join  pieces 
of  cord  &c  together. 

Fig.  y is  another  knot  for  tying. cords  together.  This 
is  nfed  when  any  cord  is  often  to  he  loofed. 

Fig.  6,  a Running  knoty  to  draw  any  thing  clofe. 
By  pulling  at  the  end  the  cord  is  drawn  through 
the  loop  by  and  the  part  c d h drawn  clofe  about  a 
beam,  5:c. 

Fig.  7 is  another  knot,  to  tye  any  thing  to  a poff. 
And  here  the  end  may  be  put  through  as  often  as 
you  pleafe. 

Fig.  8,  a Very  fm all  knot,  A thumb  knot  is  hrft 
made  at  the  end  of  each  piece,  and  then  the  end  of  the 
other  is  palTed  through  it.  Thus,  the  cord  c runs 
through  the  loop  V,  and  hd  through  c;  and  then 
drawn  clofe  by  pulling  at  a and  h.  If  the  ends  e and_/' 
be  drawn,  the  knot  will  be  loofed  ag-ain. 

Fig.  9,  a Fi/fjeRs  knoty  or  JVaier  knot.  This  Is  the 
fame  as  the  4th,  only  the  . ends  are  to  be  put  twice 
th  rough  the  ring,  which  in  the  former  was  but  once  ; 
and  then  drawn  clofe. 

Fig.  10,  a Mejhing  knotj  for  nets;  and  is  to  be 
drawn  clofe. 

Fig.  1 1, 2iBarheRs  knoty  or  a knot  for  cawls  of  wigs  ; 
and  is  to  be  drawn  clofe. 

Fig,  12,  a Bowline  knot.  When  tliis  is  drawn  clofe, 
it  makes  a loop  that  will  not  flip,  as  fig.  7 ; and  ferves 
to  hitch  over  any  thing. 

^ V^ale  knoty  which  is  made  with  the  three 
ftrands  of  a rope,  fo  that  it  cannot  flip.  When  the 
rope  is  put  through  a hole,  this  knot  keeps  it  from 
flipping  through.  When  the  three  brands  are  wrought 


round  once  or  twice  more,  after  the  fame  manner,  it  is 
called  crowning.  By  this  means  the  knot  is  made  larger 
and  ftronger.  A thumb  knot,  N«.  i,  may  be  applied 
to  the  fame  ufe  as  this. 

Knots  mean  alfo  the  divifions  of  the  log  line,  ufed 
at  fea.  Thefe  are  ufually  7 fathom,  or  42  feet  afun™ 
der  ; but  fiiould  be  8|  fathom,  or  50  feet.  And  then, 
as  many  knots  as  the  log  line  runs  out  in  half  a mi- 
nute, fo  many  miles  does  the  fhip  fail  in  an  ho^dr  ; fup- 
pofing  her  to  keep  going  at  an  equal  rate,  and  allowing 
for  yaws,  leeway,  &c. 

KOENIG  (Samuel') , a learned  philofopher  and 
mathematician,  was  a Swifs  by  birth,  and  came  early 
into  eminence  by  his  mathematical  abilities.  He  was 
profefTor  of  philofophy  and  natural  law  at  Franeker, 
and  afterwards  at  the  Flague,  w-here  he  Became  alfo 
librarian  to  the  Stadtholder,  and  to  the  Princefs  of 
Orange  ; and  where  he  died  in  1757. 

The  Academy  of  Berlin  enrolled  him  among  her 
members  ; but  afterwards  expelled  him  on  the  follow- 
ing occahoH.  Maupertiiis,  the  prefident,  had  inferted 
in  the  volume  of  the  Memoirs  for  1746,  a difeourfe 
upon  the  Laws  of  Motion  ; wdiich  Koenig  not  only 
attacked,  but  alfo  attributed  the  memoir  to  Leibnitz. 
Maupertiiis,  bung  ivith  the  imputation  of  plagiarifm, 
engaged  the  Academy  of  Berlin  to  call  upon  him  for 
his  proof;  which  Koenig  failing  to  produce,  he  was 
ftruck  out  of  the  academy.  All  Europe  was  intereb- 
ed  in  the  quarrel  which  this  occafioned  between  Koe- 
nig and  Maupertuis.  The  former  appealed  to  the  pub- 
lic ; and  his  appeal,  written  with  the  animation  of  re- 
fentment,  procured  him  many  friends.  He  was  au- 
thor of  fome  other  wrorks,  and  had  the  charadler  of 
being  one  of  the  beft  mathematicians  of  the  age« 
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Label,  a long  thin  brafs  ruler,  wdth  a fraall  bght 
at  one  end,  and  a central  hole  at  the  other ; com- 
monly ufed  with  a tangent-line  on  the  edge  of  a cir- 
cumferentor, to  take  altitudes,  and  other  angles. 

LACERTA,  Li%ardy  one  of  the  new  conbella- 
tions  of  the  northern  hemifphere,  added  by  Hevelius  to 
the  48  old  ones,  near  Cepheus  and  Cafliopeia. 

Th  is  conbellation  contains,  in  Hevelius’s  catalogue 
10  bars,  and  in  Flambeed’s  16. 

LACUNAR,  an  arched  roof  or  cieling  ; more  ef- 
pecially  the  planking  or  flooring  above  the  porticos, 
LADY-^(7y,  the  25th  of  March,  being  the  An- 
nunciation of  the  Holy  Virgin. 

LAGNY  (Thomas  Fantet  de)y  an  eminent 
French  mathematicianj  was  born  at  Lyons.  Fournier’s 
Euclid,  and  Pelletier’s  Algebra,  by  chance  falling  in 
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bis  vvay,  developed  his  genius  for  the  mathematics.  It 
was  in  vain  that  his  father  defigned  him  for  the  law  ; 
he  went  to  Paris  to  deliver  himfelf  wEolly  up  to  the 
budy  of  his  favourite  fcience.  In  1697,  the  Abbe 
Bignon,  protecbor-general  of  letters,  got  him  appointed 
profeflbr-royal  of  Flydrography  at  Rochfort.  Soon 
after,  the  duke  of  Orleans,  then  regent  of  France, 
fixed  him  at  Paris,  and  made  him  fub-dire6lor  of  the 
General  Bank,  in  which  he  lob  the  greateb  part  of 
his  fortune  in  the  failure  of  the  Bank  He  had  been 
received  into  the  ancient  academy  in  5696  ; upon  the 
renewal  of  which  he  was  named  Afibciate-geometri- 
cian  in  1699,  and  penfioner  in  1723.  After  a life 
fpent  in  clofe  application,  he  died,  April  12,  1734. 

In  the  lab  moments  of  his  life,  and  wEen  he  had 
loft  all  knowledge  of  the  perfons  who  furrounded  his 
8 bed. 
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iDed,  one  of  them,  through  curiofity,  aflced  him,  what 
is  the  fquare  of  1 2 ? To  which  he  immediately  replied, 
and  without  feeming  to  know  that  he  gave  any  anfwer, 

i)e  Tagny  particularly  excelled  in  arithmetic,  alge- 
bra, and  geometiy,  in  which  he  made  many  improve- 
ments and  difcoverics.  hie,  as  well  as  Leibmtz,  invent- 
ed a binary  arithmetic,  in  which  only  two  figures  are 
concerned.  He  rendered  much  eafier  the  refolution  of 
algebraic  equations,  efpecially  the  irreducible  cafe  in 
cubic  equations  \ and  the  numeral  reiolution  of  the 
higher  powers,  by  means  ot  Pnort  approximating  the- 
orems.— He  delivered  the  meafures  of  angles  in  a new 
fcience,  called  Goniomciry  ; in  which  he  meafured  angles 
by  a pair  of  compaffes,  without  fcales,  or  tables,  to 
great  exaftnefs  ; and  thus  gave  a new  appearance  to 
trigonometry. — Cyclometry^  or  the  meafure  of  the  cir- 
cle^ was  alfo  an  objeH  of  his  attention  ; and.  he  calcu- 
lated, by  means  of  infinite  feries-,  the  ratio  of  the 
circumference  of  a circle  to  its  diameter,  to  120  places 
of  figures. — He  gave  a general  theorem  for  the  tan- 
gent's of  multiple  arcs.  With  many  other  curious  or 
ufeful  improvements,  which  are  found  in  ^ the  great 
multitude  of  his  papers,  that  are  printed  In  the  dif- 
ferent volumes  of  the  Memoirs  of  the  Academy  of  Sci- 
ences, viz,  in  almofl  every  volume,  from  the  year  1699, 
to  I 729. 

LAKE,  a colleAlon  of  water,  icclofed  in  the  cavity 
of  fome  inland  place,  of  a confiderable  extent  and 
depth.  As  the  Lake  of  Geneva,  &c. 

LAMMAS-Day,  the  iff  of  Augufl ; fo  called,  ac- 
cording to  fome,  bccaufe  lambs  then  grow  out  of  fea- 
Lin,  as  being  too  large.  Others  derive  it  from  a Saxon 
word,  fignifving  loaf-mafs,  becaufe  on  that  day  our 
forefathers  made  an  offering  of  bread  prepared  with  new 
wheat. 

It  is  celebrated  by  the  Romifh  church  in  memory  of 
St.  Peter’s  imprifonment. 

LAMP/EDI  AS,  a kind  of  bearded  comet,  refem- 
bling  a burning  lamp,  being  of  feveral  fliapes  ; for  fome- 
times  its  flame  or  blaze  runs  tapering  upwards  like  a 
fword,  and  fometimes  it  is  doable  or  treble  pointed. 

LANDEN  (John),  an  eminent  mathematician,  was 
born  at  Peakirk,  near  Peterborough  in  Northamp- 
tonfliire,  in  January  1719.  He  became  very  early 
a proficient  in  the  mathem.atlcs,  for  we  find  him 
a very  refpedtable  contributor  to  the  Ladies  Diary 
in  1744;  and  he  was  foon  among  the  foremofl  of  thofe 
v.-lio  then  contributed  to  the  fupport  of  that  fmall  but 
valuable  publication,  in  which  almofl  every  Englifh 
mathematician  who  has  arrived  at  any  degree  of  emi- 
nence for  the  beft  part  of  this  century,  has  contended 
for  fame  at  one  time  or  other  of  his  life.  Mr.  Landen 
continued  his  contributions  to  it  at  times,  under  various 
fignatures,  tlllwitliln  a few  years  of  his  death. 

It  has  been  frequently  obferved,  that  the  hiflories  of 
literary  men  confifl  chiefly  of  the  hiflory  of  their  writ- 
ings ; and  the  obfervation  was  nevermore  fully  verified, 
than  in  the  prefent  article  concerning  Mr.  Landen. 

In  the  48th  volume  of  the  Philofophical  Tran  fac- 
tions, for  the  year  1754,  Mr.  Landen  gave  “ An  In- 
velligatlon  of  fome  theorems  which  fuggefl  feveral 
very  remarkable  properties  of  the  Circle,  and  are  at 
the  fame  time  of  confiderable  ufe  in  refolving  Fradions,, 


the  denominators  of  which  are  certain  Multinomials, 
into  more  fimple  ones,  and  by  tliat  means  facilitate  the 
computation  of  Fluents.”  This  ingenious  paper  was 
delivered  to  the  Society  by  that  eminent  mathemati- 
cian Thomas  Simpfon  of  Woolwich,  a circiimftance 
which  will  convey  to  thofe  who  are  not  themfelves 
judges  of  It,  fome  idea  of  its  merit. 

In  the  year  1755,  publifhed  a volume  of  about 
i6o  pages,  intit^ed  Mathematical  I^ncubrat'ions,  The 
title  to  this  publication  was  made  choice  of,  as  a means 
of  Informing  the  world,  that  the  fliidy  of  the  mathe- 
matics was  at  that  time  rather  the  purfuit  of  his  lei- 
fure  hours,  than  his  principal  employment  : and  in- 
deed It  continued  to  be  fo,  during  the  greateft  part 
of  his  life  ; for  about  the  year  1762  he  was  appointed 
agent  to  Earl  Fitzwilliam,  an  employment  which  he 
refigned  only  two  years  before  his  death.  1 hefe  Lu- 
cubrations contain  a variety  of  trails  relative  to  the  rec- 
tification of  curve  lines,  the  fu-mmation  of  feries,  the 
finding  of  fluents,  and  many  other  points  in  the  higher 
parts  of  the  mathematics. 

About  the  latter  end  of  the  year  1777,  or  the  be- 
ginning of  175B,  he  publifhed  propofals  for  printing 
by  fubfcriptlon,  TZ-r  Refuhial  yinalyjt.ya.  new  Branch  ot 
the  Algebraic  art:  and  in  1758  he  publifhed  a fmall 
tradl,  entitled  A D'lfcourfe  on  the  Rcfidiial  Analyfis  ; in 
which  he  refolved  a variety  of  problems,  to  which  the 
method  of  fluxions  had  ufually  been  iipplied,  by  a mode 
of  reafoning  entirely  new  : he  alfo  compared  thefe  fo- 
lutions  with  others  derived  from  the  fluxionary  me- 
thod; and  fhewed  that  the  folutions  by  his  new  method' 
were  commonly  more  natural  and  elegant  than  the 
fiuxionary  ones. 

In  the  51  ft  volume  of  the  Philofophical  Tranfac- 
tions,  for  the  year  i 760,  he  gave  A Ne^  Method  of  com~ 
puling  the  Sums  of  a great  number  of  Infinite  Series.  This 
paper  was  alfo  prefented  to  the  Society  by  his  ingenious- 
friend  the  late  Mr.  Thomas  Simpfon. 

In  1764,  he  publifhed  the  firlt  book  of  The  Refi- 
dual  Analyfis.  In  this  treatife,  befides  explaining  the- 
principles  which  his  new  analyfis  was  founded  on,  he 
applied  it,  in  a variety  of  problems,  to  drawing  tan- 
gents, and  finding  the  properties  of  curve  lines  ; to  de- 
feribing  their  involutes  and  evolutes,  finding  the  radius 
of  curvature,  their  greatefl  and  leaf!  ordinates,  and 
points  of  contrary  flexure  ; to  the  determination  of 
their  cufps,  and  the  drawing  of  afymptotes  : and  he 
propofed,  in  a fecond  book,  to  extend  the  application 
of  this  new  analvlis  to  a great  variety  of  mechanical 
and  phyfical  fubjecle.  hhie  papers  which  were  to  have 
formed  this  book  lay  long  by  him  ; but  he  never  found 
leifure  to  put  them  in  order  for  the  prefs. 

In  the  year  1766,  Mr.  I.anden  was  elccled  a Fellow 
of  the  Royal  Society.  And  in  the  58th  volume  of  the 
Philofophical  Tranfadlions,  for  the  year  1768,  he  gave 
A fpecimen  of  a New  Method  of  comparing  Curvilinear 
Areas  ; by  means  of  which  many  areas  are  compared, 
that  did  not  appear  to  be  comparable  by  any  other 
method:  a circumflance  of  no  fmall  importance  in  that 
part  of  natural  philofophy  which  relates  to  the  doctrine 
of  motion.. 

In  the  60th  volume  of  the  fame  work,  for  the  y’-ea'r 
1770,  he  gave  Some  New  Theorems  for  computing  the 
Whole  Areas  of  Curve.  Lines,  where  the  Ordinates  are 
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expreffed  by  Fractions  of  a certain  fomi,'  in  a more 
concife  and  elegant  manner  than  had  been  done  by 
Cotes,  De  Moivre,  and  others  who  had  confidered  the 
iubjedf  before  him. 

In  the  6 id  volume,  for  1771,  he  has  invefligated 
feveral  new  and  ufehii  theorems  for  computing  ccitain 
diients,  which  are  affignable  by  arcs  of  the  conic 
fedtions.  This  fubjecf  had  been  confidered  before, 
both  by  Maclanrin  and  d’Alembert ; but  fome  of  the 
tlieorems  that  were  given  by  thefe  Celebrated  matlie- 
maticians,  being  in  part  expreffed  by  the  difference  be- 
tween an  hyperbolic  arc  and  its  tangent,  and  that  dif- 
ference being  not  diredhiy  attainable  when  the  arc  and 
its  tangent  both  become  infinite,  as  they  will  do  vrhen 
the  whole  fluent  is  wanted,  although  fuch  fluent  be 
finite  j thefe  theorems  therefore  fail  in  thefe  cafes,  and 
the  computation  becomes  impradlicable  without  farther 
help.  This  defedt  Mr.  I^andeii  has  removed,  by  aflign- 
ing  the  limit  of  the  difference  between  the  hyperbolic 
arc  and  its  tangent,  while  the  point  of  contaft  is  fup- 
pofed  to  be  removed  to  an  infinite  dhlance  from  the 
vertex  of  the  curve#  And  he  concludes  the  paper  with  a 
curious  and  remarkable  property  relating  to  pendulous 
bodies,  which  is  deducible  from  thofc  theorems.  In  the 
fame  year  he  publifned  AnimadvcrJ'ions  on  Dr,  Sit‘iuarf  s 
Computation  of  the  SuD s D 'ljlance  from  the  Earth, 

in  the  65th  volume  of  the  Philofophicai  Traniaefions, 
for  IDS'!  gave  the  inveftigation  of  a General  The- 
orem, v/hich  he  had  promifed  in  1771,  for  finding  the 
Tength  of  any  Curve  of  a Conic  Hyperbola  by  means 
of  two  Elliptic  Arcs  ; and  he  obferves,  that  by  the  the- 
orems there  invefligated,  both  the  elaflic  curve  and  the 
curve  of  equable  recefs  from  a given  point,  may  be  con- 
flrudled  in  tliofe  cafes  where  Maclanrin ’s  elegant  method 
fails. 

In  the  67th  volume,  for  1777,  he  gave  A New 
Theory  of  the  Motion  of  bodies  revolving  about  an 
axis  in  free  fpace,  when  tliat  motion  is  diftiirbed  by 
fome  extraneous  force,  either  percuflive  or  accelerative.” 
At  that  time  he  did  not  know  that  the  fubjedt  had  been 
treated  by  any  perfon  before  him,  and  he  confidered 
only  the  motion  of  a fphere,  fpheroid,  and  cylinder. 
After  the  publication  of  this  paper  however  he  w’as 
informed,  that  the  dodlrine  of  rotatory  motion  had 
been  confidered  by  d’Alemibert  5 and  upon  procuring  that 
author’s  Opiifcules  Mathematiques^  he  there  learned  that 
d’Alembert  was  not  the  only  one  who  had  confidered 
the  matter  before  him  ; for  d’Alembert  there  fpeaks  of 
fome  mathematician,  though  he  does  not  mention  his 
namie,  wTo,  after  reading  wdiat  had  been  written  on 
the  fubjedt,  doubted  whether  there  be  any  folid  what- 
ever, befide  the  fphere,  in  wTich  any  line,  pafling 
through  the  centre  of  gravity,  will  be  a permanent  axis 
of  rotation.  In  confequence  of  this,  Mr,  Landen  took 
up  the  fubjedt  again  ; and  though  he  did  not  then 
give  a folution  to  the  general  problem,  viz,  “ to  de- 
termine the  motions  of  a body  of, any  form  whatever, 
revolving  without  rellraint  about  any  axis  paffing 
through  its  centre  of  gravity,’^  he  fully  removed  every 
doubt  of  the  kind  which  had  been  ffarted  by  the  per- 
fon alluded  to  by  d’Alembert,  and  pointed  out  feveral 
bodies  which,  under  certain  dlmenfions,  have  that  re- 
markable property.  This  paper  is  given,  among  many 
others  equally  curious,  in  a volume  of  AfmwVj-,' which 


he  publifned  in  the  year  1780.  That  volume  is  alfo 
enriched  with  a very  extenfive  appendix,  containing 
^ heorems  for  the  Calculation  of  Fluents  ; which  are  more 
complete  and  extenfive  than  thofe  that  are  found  in 
any  author  before  him. 

In  1781,  1782,  and  1783,  he  publifiied  three  fmall 
Tradts  on  the  Summation  of  Converging  Series  ; in 
which  he  explained  and  fiiewed  the  extent  of  fome 
theorems  which  had  been  given  for  that  purpofe  by 
De  Moivre,  Stirling,  and  his  old  friend  Thomas  Simp- 
fon,  in  anfwer  to  fome  things  which  he  thought  had 
been  written  to  the  difparageraent  of  thofe  excellent 
mathematicians.  It  was  the  opinion  of  fome,  that 
Mr.  Ijanden  did  not  fiiew  lefs  mathematical  firill  in 
explaining  and  illiiftrating  thefe  theorems,  tlian  he  has 
done  in  his  writings  on  original  fubjedls  ; ^and  that  the 
authors  of  them  were  as  little  awmre  of  the  extent  of 
their  own  theorems,  as  tlie  reft  of  the  vrorld  were  before 
Mr.  Landen’s  ingenuity  made  it  obvious  to  all. 

About  the  beginning  of  the  year  1782,  Mr.  Lan- 
den had  made  fuch  improvements  in  his  theory  of  Ro- 
tatory Motion,  as  enabled  him,  he  tliouglit,  to  give  a 
folution  of  the  general  problem  mentioned  above  ; but 
finding  the  refult  of  it  to  differ  very  materially  from 
the  refult  of  the  folution  which  had  been  given  of  it  by 
d’Alembert,  and  not  being  able  to  fee  clearly  where 
that  gentleman  in  his  opinion  had  erred,  he  did  not 
venture  to  make  his  own  folution  public.  In  the  courfe 
of  that  year,  having  procured  the  Memoirs  of  the  Ber- 
lin Academy  for  1757,  which  contain  M.  Euler’s  fo- 
lution of  the  problem,  he  found  that  this  gentleman’s 
folution  gave  the  fame  refult  as  had  been  deduced  by 
d’Alembert  ; but  the  perfpicuity  of  Euler’s  manner  of 
writing  enabled  him  to  difeover  where  he  had  differed 
from  his  own,  which  the  obfeurity  of  the  other  did  not 
do.  The  agreement,  how^ever,  of  two  waiters  of  fuch 
eftabliftied  reputation  as  Euler  and  d’Alembert  made 
him  long  dubious  of  the  truth  of  his  owm  folution, 
and  induced  him  to  revife  the  procefs  again  and  again 
with  the  utmoft  circumfpedfion  ; and  being  every  time 
more  convinced  that  his  own  folution  was  right,  and 
theirs  WTong,  he  at  length  gave  it  to  the  public,  in  the 
75th  volume  of  the  Fhilofophical  Tranfadlions,  for 

The  extreme  difficulty  of  the  fubjeA,  joined  to  the' 
concife  manner  in  wdiich  Mr.  Landen  had  been  obliged 
to  give  his  folution,  to  confine  it  within  .proper  limits 
for  the  TranTadfions,  rendered  it  too  difficult,  or  at 
leaft  too  laborious  a taiL  for  moft  mathematicians  to  read 
it;  and  this  circumftance,  joined  to  the  eftabliftied  re- 
putation of  Euler  and  d’Alembert,  induced  many  to 
think  that  their  folution  was  right,  and  Mr.  Landen’s 
wrong  ; and  there  did  not  want  attempts  to  prove  it  ; 
partlciuarly  a long  and  ingenious  paper  by  the  learned 
Mr.  Wildbore,  a gentleman  of  very  diftinguiftied  ta- 
lents and  experience  in  fuch  calculations  ; this  paper 
is  given  in  the  80th  volume  of  the  Fhilofophical  Tranf- 
adfions,  for  tiie  year  1790,  in  which  he  agrees  wdth  the 
folutions  of  Euler  and  d’Alembert,  and  againft  that  of 
Mr.  Landen.  This  determined  the  latter  to  revife  and 
extend  his  lolution,  and  give  it  at  greater  length,  to 
render  it  more  generally  underftood.  About  this  time 
alfo  he  met  by  diance. with  the  late  Frifi’s  Cofmogra- 
phie  P hyfic<£  et  Mathematics ; in  the  fecond  part  of 

which 
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whicK  tliere  is  a folution  of  this  proWem,  agreeing  m 
the  refult  with  thofe  of  Euler  and  d’Alembert.  Here 
'Mr.  Landcn  learned  that  Euler  had  revifed  the  folu- 
tion which  he  had  given  formerly  in  the  Berlin  Me- 
moirs, and  given  it  another  form,  and  at  greater 
length,  in  a volume  piiblifhed  at  Roftoch  and  Giy- 
phifwald  in  1765,  intitled,  Theona  Moius  Corporum 
Solldorum  feu  Kig'idorum.  Having  therefore  procured 
this  book,  Mr.  Landen  found  the  fame  principles  em- 
ployed in  it,  and  of  courfe  the  fame  conclufion  refult- 
ing  from  them,  as  in  M.  Eulei'’s  former  folution  of 
the  problem.  But  notwithftanding  that  there  were 
thus  a coincidence  of  at  lead  four  mod  refpedlabic  ma- 
thematicians againd  him,  Mr.  I^anden  was  dill  per- 
fuaded  of  the  truth  of  his  own  folution,  and  prepared 
to  defend  it.  And  as  he  was  convinced  of  the  necef- 
fity  of  explaining  his  ideas  on  the  fubjefl  more  fully, 
fo  he  now  found  it  neceffary  to  lofe  no  time  in  fetting 
about  it.  He  had  for  feveral  years  been  feverely  af- 
fiidled  with  the  done  in  the  bladder,  and  towards  the 
latter  part  of  his  life  to  fuch  a degree  as  to  be  con- 
fined to  his  bed  for  more  than  a month  at  a time  : yet 
even  this  dreadful  diforder  did  not  extingiiifli  his  ar- 
dour for  mathematical  dudies  ; for  the  fecond  volume 
at  h.1%  Memoirs ^ lately  publifhed,  was  written  and  re- 
vifed during  the  intervals  of  his  diforder.  This  volume, 
befides  a folution  of  the  general  problem  concerning 
rotatory  motion,  contains  the  refolution  of  the  problem 
relating  to  the  motion  of  a Top  ; with  an  invedigation 
of  the  motion  of  the  Equinoxes,  in  which  Mr.  Landen 
has  fird  of  any  one  pointed  out  the  caufe  of  Sir  Ifaac  New- 
ton’s midake  in  his  folution  of  this  celebrated  problem  ; 
and  fome  other  papers  of  confiderable  importance.  He 
jud  lived  to  fee  this  work  finidied,  and  received  a copy 
of  it  the  day  before  his  death,  which  happened  on  the 
15th  of  January  1790,  at  Milton,  near  Peterborough, 
in  the  7 id  year  of  his  age. 

LARBOARD,  the  left  hand  fide  of  a fhip,  when 
a perfon  dands  with  his  face  towards  the  head. 

LARMIER,  in  Architedlure,  a flat  fquarc  mem- 
ber of  the  cornice  below  the  cimafium,  and  jets  out 
fartheft ; being  fo  called  from  its  ufe,  which  is  to 
difperfe  the  water,  and  cauie  it  to  fall  at  a didance 
from  the  wall,  drop  by  drop,  or,  as  it  were,  by  tears  ; 
la-rme  in  French  fignifying  a tear. 

LATERAL  Equation,  in  Algebra,  is  the  fame 
with  Ample  equation.  It  has  but  one  root,  and  may 
be  condruAed  by  right  lines  only. 

LATION,  is  ufed  by  fome,  for  the  tranflation  or 
motion  of  a body  from  one  place  to  another. 

LATITUDE,  in  Geography,  or  Navigation,  the 
didance  of  a place  from  the  equator  ; or  an  arch  of 
the  meridian,  intercepted  between  its  zenith  and  the 
equator.  Hence  the  Latitude  is  either  north  or  fouth, 
according  as  the  place  is  on  the  north  or  fouth  fide  of 
the  equator:  thus  London  is  faid  tovbe  In  51^  31^ 
of  north  latitude. 

Circles  parallel  to  the  equator  are  called  parallels  of 
latitude y becaufe  they  drew  the  latitudes  of  places  by 
their  interfcdlions  with  the  meridian. 

The  Latitude  of  a place  is  equal  to  the  elevation  of 
the  pole  above  the. horizon  of  the  place:  and  hence 
thefe  two  terms  are  ufed  indifferently  for  each  other. 
VoL.  IL 
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This  will  be  evident  from  the 
figure,  where  the  circle  ZHQJ^is 
the  meridian,  Z the  zenith  of  the 
place,  HO  the  horizon,  EO  the 
equator,  and  P the  pole  ; then  is 
ZE  the  latitude,  and  PO  the 
elevation  of  the  pole  above  the 
horizon.  And  becaufe  PE  is  rrr 
ZO,  being  each  a quadrant,  if  the  common  part  PZ  be 
taken  from  both,  there  will  remain  the  latitude  ZE  “ 
PO  the  elevation  of  the  pole. — Hence  we  have  a me- 
thod of  meafuring  the  circumference  of  the  earth,  or 
of  determining  the  quantity  of  a degree  oil  Its  fur- 
face  ; for  by  meafuring  directly  northward  or  foutli- 
ward,  till  the  pole  be  one  degree  higher  or  lower, 
we  fliall  have  the  number  of  miles  in  a degree  of  a 
great  circle  on  the  furface  of  the  earth  ; and  confe- 
quently  multiplying  that  by  360,  will  give  the  nuni'» 
ber  of  miles  round  the  whole  circumference  of  the 
earth. 

The  knov/Iedge  of  the  Latitude  of  the  place,  is  of 
the  utmofl  con'lequence,  in  geography,  navigation, 
and  afironomy  ; it  may  be  proper  therefore  to  lay 
down  fome  of  the  beft  ways  of  determining  it,  both 
by  fea  and  land. 

I ft.  One  method  is,  to  find  the  Latitude  of  the  pole, 
to  which  it  is  equal,  by  means  of  the  pole  ftar,  or  any 
other  circumpolar  ftar,  thus  ; Either  draw  a true  me- 
ridian line,  or  find  the  times  wflien  the  ftar  Is  on  the 
meridian,  both  above  and  below  the  pole;  then  at 
thefe  times,  with  a quadrant,  or  other  fit  inftrument, 
take  the  altitudes  of  the  ftar  ; or  take  the  fame  when 
the  ftar  comes  upon  your  meridian  line  ; which  will  be 
the  greatell  and  leaft  altitude  of  the  ftar:  tlien  fhall 
half  the  fum  of  the  two  be  the  elevation  of  the  pole, 
or  the  latitude  fought. — For,  if  abc  be  the  path  of 
the  ftar  about  the  pole  P,  Z the  zenith,  and  HO  the 
horizon  : then  is  aO  the  altitude  of  the  ftar  upon  the 
meridian  when  above  the  pole,  and  cO  the  fame  when 
below  the  pole  ; hence,  becaufe  aF  = cP,  therefore 
aO  -p  rO  = 2 OP,  hence  the  height  of  the  pole  OP, 
or  latitude  of  Z,  Is  equal  to  half  the  fum  of  aO  and  cOi> 
li.  A fecond  method  is  by  means  of  the  declina- 
tion of  the  fun,  or  a ftar,  and  one  meridian  altitude 
of  the  fame,  thus:  Having,  with  a quadrant,  or  other 
inftrument,  obferved  the  zenith  diftance  Xd  of  the 
luminary  ; or  elfe  its  altitude  Hd,  and  taken  its  com*, 
plement  Xd\  then  to  this  zenith  diftance,  add  the 
declination  ^E  when  the  luminary  and  place  are  oft 
the  fame  fide  of  the  equator,  or  fubtraft  it  when  on 
different  fidts,  and  the  fum  or  difference  will  be  the 
latitude  EZ  fought.  But  note,  that  all  altitudes  ob- 
ferved, muft  be  corrected  for  refrafllon  and  the  dip 
of  the  horizon,  and  for  the  femidiametcr  of  the  fun> 
when  that  is  the  luminary  obferved. 

Many  other  methods  of  oblerving  and  computing 
the  Latitude  may  be  feen  In  Robertfon’s  Navigation  ; 
fee  book  5 and  book  9.  See  alfo  the  Nautical  Al- 
manac for  1771. 

Mr.  Richard  Graham  contrived  an  ingenious  ififtru* 
ment  for  taking  the  latitude  of  a place  at  any  time  of 
the  day.  See  Philof.  Tranf.  N®,  43-5,  or  Abr.  vol.  S. 
pa.  37U 
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Latitude,  in  Aflronomy,  as  of  a {lar  ot  planet,  is 
its  dittance  from  the  ecliptic,  being  an  arch  of  a circle 
of  latitude,  reckoned  from  the  ecliptic  towards  its 
poles,  either  north  or  fouth.  Hctice,  the  aflroncmical 
latiiude  is  quite  different  from  the  geographical,  the 
former  meafiiring  from  the  ecliptic,  and  the  latter 
from  the  equator,  fo  that  this  latter  anfwers  to  the 
declination  in  allronomy,  which  meafures  from  the 
equinodflal. 

The  fun  has  no  latitude,  being  always  in  the  eclip- 
tic ; but  all  the  liars  have  their  feveral  latitudes,  and 
the  planets  are  continually  changing  their  latitudes, 
fometimes  north,  and  fornetimes  fouth,  crofTing  the 
ecliptic  from  the  one  fide  to  the  other ; the  points  in 
which  they  crofs  the  ecliptic  being  called  the  nodes  of 
the  planet,  and  in  thefe  points  it  is  that  they  can  pafs 
ever  the  face  of  the  fun,  or  behind  his  body,  viz, 
when  they  come  both  to  this  point  of  the  ecliptic  at 
the  fame  time. 

Circle  of  Latitude,  is  a great  circle  paffing  through 
the  poles  of  the  ecliptic,  and  confequently  perpendicu- 
lar to  it,  like  as  the  meridians  are  perpendicular  to  the 
equator,  and  pafs  through  its  poles. 

‘ Latitude,  of  the  Moon,  North  afe  ending,  is  when 
fhe  proceeds  from  the  afeending  node  towards  her 
jjorthern  limit,  or  greateff  elongation. 

Latitude,  North  defeending.  Is  when  the  moon 
returns  from  her  northern  limit  towards  the  defeend- 
xflg  node. 

Latitude,  South  defeending,  is  when  fhe  proceeds 
from  the  defeending  node  towards  her  fouthern  limit. 

Latitude,  South  afcendtng,  is  when  fhe  returns 
from  her  fouthern  limit  towards  her  afeending  node. 

And  the  fame  is  to  be  under, flood  of  the  other 
planets. 

Heliocentric  Latitude,  of  a planet,  is  its  latitude, 
or  diffance  from  the  ecliptic,  fuch  as  it  would  appear 
from  the  fun.— <rThis,  when  the  planet  comes  to  the 
fame  point  of  its  orbit,  is  always  the  fame,  or  im- 
ehangeable. 

Geocentric  Latitude,  of  a planet,  is  its  latitude  as 
feen  from  the  earth. — This,  though  the  planet  be  in 
the  fame  point  of  its  orbit,  is  not  always  the  fame,  but 
alters  according  to  the  pofition  of  the  earth,  in  lefpedt 
to  the  planet. 

The  latitude  of  a ffar  Is  altered  only  by  the  aber- 
ration of  light,  and  the  feciilar  variation  of  latitude. 

Dlferenee  of  AT  IT  \JTXE,  is  an  arc  of  the  meridian, 
©r  the  nearefl  diflaiace  between  the  parallels  of  lati- 
tude of  two  places.  When  the  two  latitudes  are  of 
the  fame  name,  either  both  north  or  both  fouth,  fub- 
traft  the  lefs  latitude  from  the  greater,  to  give  the 
difference  of  latitude  ; but  when  they  are  of  different 
names,  add  them  together  for  the  difference  of  latitude. 

Middle  Latitude,  is  the  middle  point  between 
two  latitudes  or  places ; and  Is  found  by  taking  half 
ithe  fum  of  the  two. 

Parallax  of  Latitude.  See  Parallax. 

P^efraSion  <^Latitude.  See  Refraction. 

LATUS  Rectum,  in  Conie  Seftions,  the  fame 
with  parameter  ; which  fee. 

iLhT.\j%  Tranfverfutn,.  of  the  hyperbola,  is  the  right 
line  between:  the*  vertices,  of  the  two  oppofite  fedlions  ; 
»r  tliat  part  of  their  common  axis-  lying  between  the 


two  oppofite  cones ; as  the  line  DE.  It  is  the  fame 
as  the  tranfverfe  axis  of  the  hyperbola,  or  oppofite 
hyperbolas. 

Latus  Prmarhim,  aright  line,  DD, 
or  EE,  drawn  through  the  vertex  of 
the  fe6lion  of  a cone,  within  the 
fame,  and  parallel  to  the  bafe. 

LEAGUE,  an  extent  of  three  miles 
in  length,  A nautical  league,  or  three 
nautical  miles,  is  the  20th  part  of  a 
degree  of  a great  circle. 

LEAP-Year,  the  fame  as  Bissex- 
tile;-which  fee.  It  is  fo  called  from  its 
leaping  a day  more  that  year  than  in  a 
common  year  ; confifling  of  366  days, 
and  a common  year  only  of  365.  This 
happens  every  4th  year,  except  only 
centuries  as  are  not  exaftly  divifible  by 
17th,  iSth,  19th,  2 iff  &c.  centuries,  becaufe  17,  18, 
19,  21,  &c,  cannot  be  divided  by  4 without  a re- 
mainder, 

Tofnd  Leaf  Tear,  itfe.  Divide  the  number  of  the 
year  by  4 ; then  if  o remain,  it  is  leap-year  ; but  if  1,2, 
or  3 remain,  it  is  fo  many  after  leap-year. 

Or  the  rule  is  fometimes  thus  expreffed,  in  thefe. 
two  memorial  verfes  ; 

Divide  by  4 ; what’s  left  fhall  be, 

For  leap-year  o ; for  paff,  i,  2,  or  3, 

Thus  if  it  be  required  to  know  what  year  1790  Is; 
then  4 ) 1790  ( 447 

2 remains : 

fo  that  2 remaining,  fhews  that  179©  is  the  2d  year, 
after  leap-year.  And  to  find  what  year  1796  is  : 
then  4)  1796  ( 449 

here  ©remaining,  fhews  that  1796  is  a leap-year, , 

LEAVER.  See  Lever. 

LEE,  a term  In  Navigation,  fignifying  that  fidcj,  , 
or  quarter,  towards  which  the  wind  blows. 

Lee-Way,  of  a Ship,  is  the*  angle  rmide  by  the- 
point  of  the  compafs  fleered  upon,  and  the  real  line 
of  the  ffiip’s  way,  occafioned  by.  contrary  winds  andn 
a rough  fea. 

All  fhips  are  apt  to  make  feme,  lee-way ; fo  that  t 
fomething  muff  be  allowed  for  it,  in  caffing  up  the  - 
log-board.  But  the  lee-way  made, by  diffeient . fhips,  , 
under  fimllar  circumffances  of  wind  and  fails,,  is  dif- 
ferent ; and  even  the  fame  ffiip,  with  different  lading,- 
and  having  more  or  lefs  fail  fet,  will  have  more  or  lefs  . 
lee-way.  The  lifual  allowances  for  - it  .are  .thefe,  as  , 
they  were  given  by  Mr.  John, Buckler  to  thc'  late  in.*,, 
genious  Mr.  William  Jones,  who  firff  publifhed  them  i 
in  1702  in  his,.  Compendium  of  Practical  jNaTigatwn^.: , 
iff,  When  a fiiip  is  clofe-haukd,  Las  all, her  fails  fet, 
the  fea  fmooth,  and  a moderate  gale . of  Avind,  it  is 
then  fuppofed  flie  .makes  little  or  no  lee-way.  2d,  AN  - 
low  one  point,,  when  it  blows  fo  freffi  that  the  fmali 
fails  are  taken  in.  3d,  Allow  tv/o  points,  ..when  , 
the  topfail  muff  be  clofe  reefed.'  4th,  Allow  two  ? 
points  and  a half,  when  one  topfalL-niuff  «be.  handed. 
5th,  Allow  three  points  and -a  half,,  when  both  top- 
fails  muff  be  taken  in.  6th,  Allow  four  points,  whea^ 
the  fore-courfe.  is  handed.  7th,  Allow  five  points, 
when  trying  under  the  mainfail  only.  8th,  Allow  fix 
pointSj  when  both  main  and  fore-cuurfes  ate  taken  in. 
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Allow  fevori  points,  when  the  flilp  tries  a-hull, 
or  with  all  fails  handed. 

When  the  wind  has  blown  hard  in  either  quarter, 
and  fhifts  acrofs  the  meridian  into  the  next  quarter, 
the  lee-w^ay  will  be  leffened.  But  in  all  thefe  cafes,  re- 
fpedl  muft  be  had  to  the  roughnefs  of  the  fea,  and  the 
trim  of  the  fiiip.  And  hence  the  mariner  will  be  able 
to  corredf  his  courfe. 

LEGS,  of  a Triangle.  When  one  fide  of  a triangle 
is  taken  as  the  bafe,  the  other  two  are  fometiines 
called  the  legs.  The  term  is  often  ufed  too  for  the 
bafe  and  perpendicular  of  a right-angled  triangle,  or 
the  two  fideS  about  the  right  angle. 

Hyperholic  Legs,  are  the  ends  of  a curve  line  that 
partake  of  the  nature  of  the  hypeibola,  or  having 
afymptotes. 

LEIBNITZ  (Gopfrfy-W’’illtam),  an  eminent 
mathematician  and  philofopher,  was  born  at  I,eiplic 
in  Saxony  in  1646.  At  the  age  of  1 i;,  he  applied 
himfclf  to  mathematics  at  Leipfic  and  Jena  ; and  in 
1663,  maintained  a thefis  de  Prtncipiif  Individuaiwnh. 
The  year  following  he  was  admitted  Mailer  of  Arts. 
He  read  with  great  attention  the  Greek  philofophers  ; 
and  endeavoured  to  reconcile  Plato  with  Ariftotle,  as 
he  afterwards  did  Ariflotle  with  Des  Caries.  But  the 
lludy  of  the  law  was  his  principal  view  ; in  which  fa- 
culty he  was  adnutted  Bachelor  in  166^.  The  year 
following  he  would  have  taken  the  degree  of  Doftor  ; 
but  was  refufed  it  on  pretence  that  he  was  too  young, 
though  in  reality  becaufe  he  had  raifed  himfelf  feve- 
ral  enemies  by  rcjecling  the  principles  of  Arillotle  and 
the  Schoolmen. 

Upon  this  he  repaired  to  Altorf,  w'here  he  main- 
tained a thefis  de  Cajihus  Perplexis,  with  fuch  ap- 
plaufe,  that  he  had  the  degree  of  Doclor  conferred  on 
him. 

In  1672  he  went  to  Paris,  to  manage  fome  affairs  at 
the  French  Court  for  the  baron  Boinebourg.  Here 
he  becaine  acquainted  with  all  the  Literati,  and  made 
fartlier  and  confiderable  progrefs  in  the  lludy  of  mathe- 
matics and  philofophy,  chiefly,  as  he  fays,  by  the 
works  of  Pafcal,  Gregory  bt.  Vincent,  and  Huygens. 
In  this  courfe,  having  obferved  the  imperfeflion  of 
Pafcal’s  arithmetical  machine,  he  invented  a new  one, 
as  he  called  it,  which  was  approved  of  by  the  minilter 
Colbert,  and  the  Academy  of  Sciences,  in  which  he 
was  ofl'ered  a feat  as  a member,  but  refufed  the  offers 
made  to  him,  as  it  would  have  been  neceflhry  to  em- 
brace the  Catholic  religion. 

In  1673,  he  came  over  to  England  ; where  he  be- 
came acquainted  with  Mr.  Oldenburg,  feerctarv  of  the 
Royal  Society,  and  Mr.  John  Collins,  a dillingihfhed 
member  of  the  Society  ; from  whom  it  feems  he  re- 
cerved  foine  hints  of  the  method  of  fluxions,  which  had 
been  invented,  in  1664  or  1665,  by  the  then  Mr. 
ILac  Newton. 

The  fame  year  he  returned  to  France,  where  he  re- 
fided  till  1676,  when  he  again  palled  through  Eng- 
land, and  Holland,  in  his  journey  to  Hanover,  where 
he*  propofed  to  fettle.  Upon  his  arrival  there,  he  ap- 
plied himfelf  to  enrich  the  duke’s  library  with  the  hcfl 
books  of  all  kinds.  The  duke  dying  in  1679, 
fucceflor  Erneft  Auguflus,  then  bifliop  of  Olnaburgh, 
diiewed  hlr,  Leibnitz  the  fame  favour  as  his  predeceffor 
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had  (lone,  and  engaged  him  to  write  the  Hlflory  of  the 
Iloufe  of  Brunfvvick.  To  execute  this  talk,  he  tia- 
veiled  over  Germany  and  Italy,  to  colledl  materials. 
While  he  was  in  Italy,  he  met  wu'th  a pleafant  adven- 
ture, w'hich  might  have  proved  a more  ferious  affair. 
Palling  In  a fmall  bark  from  Venice  to  Mefola,  a 
ftorm  arofe  ; during  which  the  pilot,  imagining  he 
w^as  not  underllood  by  a German,  whom,  being  a 
heretic,  he  looked  on  as  the  caufe  of  the  temped, 
propofed  to  flrip  him  of  his  cloaths  and  money,  and 
throw  hinr  overboard.  Leibnitz  hearing  this,  with- 
out difeovering  the  Icafl  emotion,  drew  fet  of  beads 
from  his  pocket,  and  began  turning  them  over  with 
great  feeming  devotion.  The  artij'ice  fucceedtd  ; one 
of  the  failors  obferving  to  the  pilot,  that,  fince  the 
man  was  no  heretic,  he  ought  not  to  be  drbwmed. 

In  1700  he  was  admitted  a member  of  the  Royal 
Academy  of  Sciences  at  Paris.  The  fame  year  the 
eledfor  of  Brandenburg,  afterwards  king  of  Pruflia* 
founded  an  academy  at  Berlin  by  his  advice  ; and  he 
was  appointed  perpetual  Prefident,  though  his  affairs 
w'ould  not  permit  him  to  refide  conflantly  at  that  place. 
He  projedlcd  an  academy  of  the  fame  kind  at  Drefden  ; 
and  tliis  defign  would  have  been  executed,  if  it  had 
not  been  piTvented  by  the  confufions  in  Poland.  He 
was  engaged  llkewife  in  a fcheme  for  an  univerfal  lan- 
guage, and  other  literary  projedfs.  Indeed  his  WTitIngs 
had  made  him  long  before  famous  over  all  Europe,  and 
he  liad  many  honours  and  rewards  conferred  on  him. 
Befide  the  office  of  Privy  Counfellor  of  Juflicc,  which 
the  eledtor  of  Hanover  had  given  him,  the  empertir  ap- 
pointed him,  In  1711,  Aulic  Counfellor  ; and  the  czar 
made  him  Privy  Counfellor  of  Juflice,  v/ith  a penfioii 
of  1000  ducats,  f.eibnitz  undertook  at  the  fame  time 
to  eflablifh  an  academy  of  faiences  at  Vienna  ; hut  the 
plague  prevented  the  execution  of  it.  However,  the 
emperor,  as  a mark  of  his  favour,  fettled  a penfion  on 
him  of  2000  florins,  and  promifed  him  one  of  4000  if 
he  would  come  and  refide  at  Vienna  ; an  offer  he  w\a3 
inclined  to  comply  witli,  but  was  prevented  by  his 
death. 

Meanwhile,  the  Hiflory  of  Briinfwick  being  inter- 
rupted by  other  works  which  he  wrote  occafionally, 
he  found,  at  his  return  to  Hanover  in  I 7 14,  that  the 
eledtor  had  appointed  Mr.  Eccard  for  his  colleague  in 
writing  that  hi  dory.  The  eledtor  was  then  raifed  to 
the  throne  of  Great  Britain,  vvliich  place  Leibnitz 
vifited  tlic  latter  end  of  that  year,  when  he  received 
particular  marks  of  frlendfliip  from  tlie  king,  and  was 
frequently  at  court.  He  now  was  engaged  in  a dif- 
pute  v.'ith  Dr.  Samuel  Clarke,  upon  the  fubjedls  of 
free-will,  the  reality  of  fpace,  and  other  pliilofophical 
fubjedls.  Tills  was  condadted  with  great  candour  and 
learning ; and  the  papers,  which  were  publllhed  by 
Claike,  will  ever  be  elleemed  by  men  of  geniuS  and 
learning,  dTc  coutroverfy  ended  only  with  the  death 
of  I,.eibnitz,  Nov.  14,  171b,  which  was  occafioncd, 
by  the  gout  and  done,  in  the  70th  year  of  his  age. 

As  to  his  cliaradler  and  perfon  : He  was  of  a mid- 
dle flatute,'  and  a tliin  habit  of  body.  He  had  a llu- 
dious  air,  and  a fvveet  afpedl,  though  near-fij^lited. 
He  was  indefatigabiy  induftrious  to  the  end  of  his  life. 
He-  eat  and  drank  little.  Huugtr  alone  marked  tlie 
lime  of  bis  meals,  and  his  diet  was  plain  and  flrong. 
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J-Je  had  a very  j^ood  memory,  and  it  waf5  faid  could  re. 
peat  the^incid  from  beginning  to  end.  What  he  vvanted 
to  remember,  he  wrote  down,  and  never  read  it  after- 
wards. He  always  profefTed  the  Lutheran  religion, 
but  never  went  to  fermons  ; and  when  in  his  laft  hck- 
ncfs  his  favourite  fervant  defired  to  fend  for  a mini- 
fier,,  he  would  not  permit  it,  faying  he  had  no  occa- 
fion  for  one.  He  was  never  married,  nor  ever  attempted 
it  but  once,  when  he  was  about  50  years  old  ; and  the 
lady  defil  ing  time  toconfiderof  it,  gave  him  an  opportu- 
nity of  doing  the  fame:  he  ufed  to  fay,  “^that  mar- 
riage was  a good  thing,  but  a wife  man  ougnt  to  con- 

lider  of  it  all  his  lite.^’  ^ ^ ^ 

Leibnitz  was  author  of  a great  multitude  of  writings  ; 
feveral  of  which  were  publiflied  feparately,  and  many 
others  in  the  memoirs  cfdiiferent  academies.  He  invented 
a binar}’’  arithmetic,  and  many  other  ingenious  matters. 
His  claim  to  the  invention  of  Fluxions,  has  been  fpoken 
of  under  that  article.  Hanfehius  colledled,^  with  great 
care,  every  thing  that  Leibnitz  had  faid,  in  diffeient 
paiHges  of  bis  works,  upon  the  principles  of  philofo- 
phy  5 and  formed  of  them  a complete  fyftem,  under 
the  title  of  G.  G.  Leihnitzil  Principia  Philofophi:e  more 
geonieirico  demoiijlr ata  &c,  1728,  in  4^0.^  Fliere  came 
out  a colled  10!^ of  our  author’s  letters  in  1734  and 
iiititled,  Ppyioldi  ad  diverjos  theologict^  juridiciy 
medic},  philofophici,  inatheniatici,  hlfiorici,  ^ phdologici 
UTgumsni'i  e dt'lSS.  (xu61otcs  .*  cum  auTiotdiiomhiis  Juts  pri- 
mum  dk'ulgavit  Chrifttan  Coriholtus,  But  all  his  works 
were  colleded,  diftributed  into  claffes  by  M.  Dutens, 
and  publiihed  at  Geneva  in  fix  large  yolurnes  4to, 
in- 176S,  iiititled,  Goihefredi  Gulllelmi  Leibnitii  Opera 

Qmnta  Cffc.  m m r i r 

Leibnitzian  Philosophy,  or  the  Philofophy  of 

Ixibnitz,  is  a fyftem  formed  and^  publifhed  by  its  au- 
thor in  the  laft  century,  partly  in  emendation  of  the 
Cartefian,  and  partly  in  oppofition  to  the  Newtonian 
philofophy.  In  this  philofophy,  the  author  retained  the 
Cartefian  fubtlle  matter,  with  the  vortices  and  univerfal 
plenum  ; and  he  reprefented  the  univerfe  as  a machine 
that  (liould proceed  forever,  by  the  laws  of rnechanifm, 
in  the  moft  perfed  ftate,  by  an  abfolute  inviolable  ne- 
ceiftty.  After  Newton’s  philofophy  was  publiflied,  in 
1687,  Leibnitz  printed  an  Effay  on  the  celeftlal  mo- 
tions in  the  Ad.  Erud.  1689,  where  he  admits  the 
circulation  of  the  ether  vrith  Des  Cartes,  and  of  gravity 
with  Newton  j though  he  has  not  reconciled  thefe 
principles,  nor  fhewn  how  gravity  arofe  from  the  im- 
pulfe  of  this  ether,  nor  how  to  account  for  the  plane- 
tai-y  revolutions  in  their  refpedive  orbits.  His  fyftem 
is  alfo  defedive,  as  it  does  not  reconcile  the  circulation 
of  the  ether  with  the  free  motions  of  the  comets  in  all 
diredions,  or  with  the  obliquity  of  the  planes  of  the 
planetary  orbits  ; nor  refolve  other  objedions^  to  which, 
the  hypothefis  of  the  vortices  and  plenum  is  liable. 

Soon  after  the  period  ^jull  mentioned,  the  difpute 
commenced  concerning  the  Invention  of  the  method  of 
Fluxions,  v/hich  led  Mr.  Leibnitz  to  take  a very  dc- 
cided  part  in  oppofition  to  the  philofophy  of  Newton, 
From  the  goodnefs  and  wlfdom  of  the  Heity,.  and  his 
principle  of  a fujicient  reafon,  he  concluded,  that  the 
univerfe  was  a perfed  work,  or  the  bell  that  could 
poffibly  have  been  made  ; and  that  otHr  things,  w’hicL 
are  evil  or  incommodious,  were  permitted  as  neceffary 
confequences  of  what  was  beft  ; that  the  material  fyf- 
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tern,  confidered  as  a perfed  machine,  can  never  fall  into 
diforder,  or  require  to  be  fet  right  ; and  to  fuppofe 
that  God  interpofes  In  it,  is  to  leften  the  fkill  of  the 
author,  and  the  perfedion  of  his  work.  He  exprcfsly 
charges  an  impious  tendency  on  fhe  philofophy  of 
Newton,  becaufe  he  aflerts,  that  the  fabric  of  the  uni- 
verfe and  courfe  of  nature  could  not  continue  for  ever 
in  its  prefent  ftate,  but  in  procefs  of  time  would  require 
to  be  re-eftablifted  or  renewed  by  the  hand  of  its  firft 
framer.  The  perfedion  of  the  univerfe,  in  confequence 
©f  which  it  is  capable  of  continuing  for  ever  by  mecha- 
nical laws  in  its  prefent  ftate,  led  Mr.  Leibnitz  to  dif- 
tinguifti  between  the  quantity  of  motion  and  the  force 
of  bodies;  and,  whilft  he  owns  in  oppofition  to  Des 
Cartes  that  the  former  varies,  to  maintain  that  the 
quantity  of  force  is  for  ever  the  fame  in  the  univerfe 
and  to  meafure  the  forces  of  bodies  by  the  fquares^of 
their  velocities. 

Mr,  Leibnitz  propofes  two  principles  as  the  founda- 
tion of  all  our  knowledge  ; the  firft,  that  it  is  impofii- 
ble  for  a thing  to  be,  and  not  to  be  at  the  fame  time,, 
which  he  fays  Is  the  foundation  of  fpeculative  truth  ; 
and  fecondly,  that  nothing  is  wuthout  a JuJficient  reafott 
why  It  fiiould  be  fo,  rather  than  otherwife  ; and  by  this- 
principle  he  fays  we  make  a tranfition  from  abftraded 
truths  to  natural  philofophy.  Hence  he  concludes  that 
the  mind  is  naturally  determined,  in  its  volitions  and: 
eledions,  by  the  greateft  apparent  good,  and  that  it  is. 
impoilible  to  make  a choice  between  things  perfedly 
like,  which  he  calls  indifcernibles  ; from  whence  he  in- 
fers, that  two  things  perfedly  like  could  not  have  been 
produced  even  by  the  Deity  himfelf : and  one  reafon.. 
why  he  rejeds  a vacuum,  is  becaufe  the  parts  of  it  muft 
be  fuppofed  perfedly  like  to  each  other.  For  the 
fame  reafon  too,  he  rejeds  atoms,  and  all  fimllar  parts, 
of  matter,  to  each  of  which,  though  divifible  ad  hifinP 
turn,  he  afcribes  a monad  (Ad.  Lipfise  1698,  pa,  435) 
or  adive  kind  of  principle,  endued  with  perception  and. 
appetite.  The  eflence  of  fubftance  he  places  in  adionj 
or  adivlty,  or,  as  he  exprefles  it,  in  fomething  that  is 
between  ading  and  the  faculty  of  ading.  He  affirms 
that  abfolute  reft  is  impoffible,  and  holds  that  motionj., 
or  a fort  of  7i}fus,  is  dfential  to  all  material  fubftances.. 
Each  monad  lie  deferibesas  reprefentative  of  the  whole- 
univerfe  from  its  point  of  fight  ; and  yet  he  tells  us,  in 
one  of  his  letters,  that  matter  is  not  a fubftance,  but  a 
fuhjlantiatum,  or  phenomene  hien  fondL  See  alfo  Maclau-- 
rln’s  View  of  Newton’s  Fhiiolophical  Difcpveries,. 
book  1 , chap.  4. 

LEMMA,  is  a term  chiefly  ufed  by  mathematiciansj, 
and  fignifies  a propofition,  previoufly  laid  down  to 
prepare  the  way  for  the  more  eafy  apprehenfion  of  the 
demonftratioii  of  fome  theorem,  or  the.  coaftrudion  of 
fome  problem. 

LEMNISCATE,  the  name  of  a curve 
ip  the  form  of  the  figure  of  8.  If  we  call 
A P,  ; 'P  conftant  line 

AB  or  AC,  a',  the  equation  ay  = 

^ aa  — XX,  or  a^y'^  — a^x^  — exprelT- 
ing  a line  of  the  4th  degree,  will  denote 
a lemnifeate,  having  a double  point  in  the 
point  A.  There  may  be  other  lemnif- 
cates,  as  the  ellipfe  of  Caffini,  &c  ; but 
that  above  defined  Is  the  fimplcft  of  them. 
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It  cafily  appears  that  this  curve  Is  quadrahlc.  For 
Cnee  ay  = therefore  the  fluxion  of  the 

curve  or  yx  is  = —a-  ; the  fluent  of  which  Is 

I — -1.  for  the  general  area  of  the  curve  ; 

which,  when  xis  = ay  becomes  barely  = AQJ^. 

LENS,  a piece  of  glafs  or  other  tranfparent  fubilance, 
having  its  two  furfaces  fo  formed  that  the  rays  of  light, 
in  pafling  through  it,  have  their  diredfion  changed,  and 
made  to  converge  and  tend  to  a point  beyond  the  lens, 
or  to  become  parallel  after  converging  or  diverging,  or 
laflly  to  diverge  as  if  they  had  proceeded  from  a point 
before  the  lens.  Some  lenfes  are  convex,  or  thicker  in 
the  middle  ; others  concave,  or  thinner  in  the  middle  ; 
while  others  are  plano-convex,  or  plano-concave  ; and 
fome  again  are  convex  on  one  fide  and  concave  on  the 
other,  which  are  called  menifeufes,  the  properties  of 
which  fee  under  that  word.  When  the  particular  figure 
is  not  confidered,  a lens  that  is  thickefl  in  the  middle  is 
called  a convex  lens;  and  that  which  is  thinneft  in  the 
middle  is  called  a concave  lens,  without  farther  dillinc- 
tion. 

Thefe  feveral  forms  of  lenfes  are  reprefented  in  the 
annexed  figure’ 


where  A,  B'  arc  convex  lenfes,  and  C,  D,  E are  con- 
cave ones;  alfo  A is  a plano-convex,  B is  convexo-con- 
vex, C is  plano-concave,!)  is  concavo-concave,  and  E is 
a mcnifeus. 

In  every  lens,  the  right  line  perpendicular  to  the  two 
furfaces,  is  called  the  Axis  of  the  lens,  as  r G ; the  points 
where  the  axis  cuts  the  furface,  are  called  the  Vertices 
of  the  lens;  alfo  the  middle  point  between  them  is 
called  the  Centre  ; and  the  difiance  between  them,  the 
Diameter. 

Some  confine  lenfes  within  the  diameter  of  half  an 
inch  ; and  fuch  as  exceed  that  tbicknefs,  they  call  Len- 
ticular GlatTes. 

Lenfes  are  either  blown  or  ground. 

Blown  Lenses,  are  fmail  globules  of  glafs,  melted  in 
the  flame  of  a lamp  or  taper.  See  Microfeope. 

Lens  Es,  are  fuch  as  are  ground  or  rubbed 
Into  the  defired  fhape,  and  then  polifhed.  For  a method 
of  grinding  them,  and  defeription  of  a machine  for  that 
purpofe,  fee  Fhilof.  iranf.  vol.  xli.  pa.  555)  Abr* 
viii.  281. 

Maurolycus  firfi  delivered  fomething  relative  to  the 
nature  of  lenfes  ; but  we  are  chiefly  indebted  to  Kepler 
for  explaining  the  dodfrine  of  refraction  through  me- 
diums different  forms,  the  chief  fubfiance  ol  which 
may  be  comprehended  m the  cafes  following. 


Let  DA  be  a ray  of  light  falling  upon  a convex 
denfe  medium,  having  its  centre  at  E.  When  the  ray 
arrives  at  A,  it  will  not  proceed  in  the  fame  direCtion: 
A/;  but  It  will  be  there  bent,  and  thrown  into  a direc- 
tion AT,  nearer  the  perpendicular  AE.  In  the  fame  ' 
manner,  another  ray  falling  on  B,  at  an  equal  diftance 
on  the  other  fide  of  the  vertex  C,.  and  parallel  to  the 
former  ray  DA,  will  be  refrafted  Into  the  fame  point 
T.  And  it  w'lll  alfo  be  found,  that  all  the  intermediate 
parallel  rays  will  converge  to  the  fame  point,  very 
nearly. 

On  the  other  hand,  if  the  rays  fall  parallel  on«the  in- 
fide  of  this  denfer  medium,  as  in  the  fig.  below,  they  will 
tend  from  the  perpendicular  EAy*;  and  converge  to  a 
point  T in  the  air,  or  any  rarer  medium..  Alfo  the  ray 
incident  on  B,  at  the  fame  diftance  from  the  vertex  G, 
will  converge  to  the  fame  place  T,  together  with  all  the. 
intermediate  parallel  rays». 


Since  therefore  rays  are  made*  to  converge  when  they 
pafs  either  from  a rarer  or  a denfer  medium  terminated 
by  a convex  furface,  and  converge  again  when  they  pafs 
from  the  fame  medium  convex  towards  the  rarer,  a lens 
wliich  is  convex  on  both  fides  mufi,  on  both  accounts, 
make  parallel  rays  converge  to  a point  beyond  It.  Thus, 
the  parallel  rays  between  A and  B,  falling  upon 


the  convex  furface  of  the  glafs  AB,  would  in  that  denfe 
medium  have  converged  to  T ; but  that  medium  being 
terminated  by  another  convex  furface,  they  will  be  made 
more  converging,  and  be  colleded  at  fome  place  F, 
nearer  to  the  lens. 


Again,  to  explain  the  effefts  of  a concave  glafs,  let. 
AB  be  the  concave  fide  of  a denfe  medium,  the  centre 
of  concavity  being  at  E»  In  this  cafe,  Dik  will  be  re- 

fraded’ 
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traaed  towards  the  perpendicular  EA;  and  fo  likewifc 
vrill  the  ray  incident  at  B ; in  confequence  of  which, 
they  will  diverge  from  one  another  within  the  denfe  me- 
dium. T.  he- intermediate  rays will  alfo  diverge  more 
or  lefs,  as  they  recede  from  the  axis  TCj  which,  be- 
' ing  in  the  perpendicular,  will  go  draight  on. 


^If  the  rays  be  parallel  within* the  denfe  medium,  they 
«will  diverge  when  they  pafs  from  thence  into  a rarer 
rnedivim,  through  a concave  furface.  For  the  ray  DA 
will  be  refracted  from  the  perpendicular  AE,  as  will 
alfo  the  ray  that  is  incident  at  B,  together  with  all  the 
intermediate  rays,  in  proportion  to  their  diilance  from 
.the axis  or  central  ray  TC. 


Therefore,  if  a denfe  medium,  as  the  glafs  AB,  be 
terminated  by  two  concave  furfaces,  parallel  rays  pafT- 
ing  through  it  will  be  made  to  diverge  by  both  the 
fides  of  it.  Thus  the  firil  furface  AB  will  make  them 
diverge  as  if  they  had  come  from  the  point  T j and 
with  the  effecl  of  the  fecond  furface  added  to  this,  they 
will  diverge  as  from  a nearer  point,  F. 

It  was  Kepler,  v^'^ho  by  tb.efe  inveftigations  Gril  gave 
a clear  explanation  of  the  effefls  of  lenfes,  in  making 
the  rays  of  a pencil  of  light  converge  or  diverge.  Pic 
fhewed  that  a plano-convex  lens  makes  rays,  that  were 
paiallel  to  its  axis,  meet  at  the  didance  of  the  diameter 
of  the  fphere  of  convexity  j but  that  if  both  Tides  of 
the  lens  be  equally  convex,  the  rays  will  have  their  fo- 
cus at  the  diilance  of  the  radius  of  the  circle  corre- 
fpondingto  that  degree  of  convexity.  But  he  did  not 
inveftigate  any  rule  for  the  foci  ofienfes  unequally  con- 
vex. He  only  fays,  in  general,  that  they  will  fall  fome- 
w'herc  in  the  medium,  between  the  foci  belonging  to 
the  two  different  degrees  of  convexity.  It  is  to  Cavalerius 
that  we  owe  this  invelb’gation  ; he  laid  down  this  rule, 
As  the  fum  of  both  the  diameters  is  to  one  of  them,  fo 
is  the  other  to  the  diflance  of  the  focus.  And  it  is  to 
be  noted  that  all  thefe  rules,  concerning  convex  lenfes, 
are  applicable  10  thofe  that  are  concave,  with  this  dif- 
ference, that  the  focus  is  on  the  contrary  fide  of  the 
glafs.  See  Montucia,  vol.  2,  pa,  17b  : or  Prielllev’s 
Plift.  of  Vifion,  pa.  65,  410. 

Upon  this  principle  it  v/as  not  difficult  to  find  the 
fpei  of  pencils  ofrays  iffuing  from  any  point  in  the  axis 
of  the  lens.;  fmee  thofe  that  are  parallel  will  meet  in  the 
focus;  and  if  they  iffue  from  the  focus,  they  will  be 
parallel  on  the  other  fide.  If  they  iffue  from  a point 


between  the  focus  and  the  glafs,  they  will  continue  to 
diverge  after  paffing  the  lens,  but  lefs  than  before  ; while 
thofe  that  come  from  beyond  the  focus,  will  converge 
after  palling  the  glafs,  and  will  meet  in  a place  beyond 
the  oppofite  focus.  This  philofopher  particularly  ob- 
ferved,  that  rays  which  ifTue  from  twice  the  diilance  of 
the  focus,  will  meet  at  the  fame  diilance  on  the  other 
fide.  The  moll  important  of  thefe  obfervations  have 
been  already  illuftrated  by  proper  figures,  and  from 
them  the  reft  may  be  eafily  conceived.  Later  optical 
writers  have  affigncd  the  diliances  at  which  rays  will 
meet,  that  iffue  from  any  other  place  in  the  axis  of  a 
lens ; bat  Keple  r was  too  much  intent  upon  his  allro- 
nomical  and  other  purfuits,  to  give  much  attention  to 
geometry.  But,  from  the  whole,  Montuc-la  gives  the 
following  rule  concerning  this  fubjedl ; As  the  excels 
of  the  diilance  of  the  obje6l  from  the  glafs,  above  the 
diilance  of  the  locus,  is  to  the  diilance  of  the  focus  ; fo 
is  this  diflance,  to  the  place  of  convergency  beyond 
tne  glafs.  And  the  fame  rule  will  find  the  point  of 
divergency,  when  the  rays  iffue  from  any  place  between 
the  lens  and  the  focus  ; for  then  the  excefs  of  the  dif- 
tance  of  the  object  from  the  glafs,  above  that  of  the/ 
focus,  is  negative,  which  is  the  lame  diilance  taken  the 
contrary  way.  Montucia,  vol.  2,  pa.  177. 

And  from  the  principle  above-mentioned,  it  will  not 
be  dilliicult  to  iinderlland  the  application  of  lenfes,  in  the 
rationale  of  telefcopes  and  micro fcopes.  On  thefe  prin- 
ciples too  is  founded  the  ffrudlure  of  refradling  burning 
glaffes,  by  whicn  tiie  fun^s  light  and  heat  are  exceed- 
ingiy  augmented  in  the  focus  of  the  lens,  whether  con- 
vex or  plano-convex;  fince  the  rays,  falling  parallel  to 
the  axis  of  the  lens,  are  reduced  into  a much  narrower 
compafs  ; fo  that  it  is  no  wonder  they  burn  fome  bo- 
dies, melt  others,  and  produce  other  extraordinary  phe- 
nomena. 

In  the  Philof.  T 'ranf.  vol.  xvii.  960,  or  the  Abr.  i, 
191,  Dr.  Halley  gives  an  ingenious  invelligation  of 
the  foci  of  rays  refraded  through  any  lenfes,  nearly  as 
follows  ! 


Let  BEL  be  a double  convex  lens,  C the  centre  of 
the  fegment  EB,  and  K the  centre  of  the  fegrnent  EL; 
BL  the  thicknefs  or  diameter  of  the  lens,  and  D a 
point  in  the  axis  ; it  is  required  to  find  the  point  F,  or 
focus,  w'here  the  rays  proceeding  from  D lhal!  be  col- 
lected, after  being-  rcfraCled  through  the  lens  at  A and 
a,  points  very  near  to  the  axis  BL.  Put  the  diilance 
I)A  or  the  radius  CA  or  CB=rr,  and  the  ra- 

dius Ka  or  KL=r:R  ; alfo  the  thicknefs  of  the  lens 
and  m to  n the  ratio  of  the  fine  of  the  angle  of 
incidtnice  DAG  to  the  fine  of  the  refraded  angle 
HAG  or  CAM  ; or  m to  n will  be  the  ratio  of  thofe 
angles  themfelves  nearly,  fince  very  fmall  angles  are  fo 
each  other  in  tlie  fame  ratio  as  their  fines.  Hencef 
w is  as  the  angle  DAG  or  DAC, 
n is  as  the  angle  H AG  or  MAC, 
and  becaufe  in  this  cafe  the  fides  are  as  thclArpno. 
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fitc  angles,  therefore  DC  : DA  : : ADAC  : 2LC, 

or  r ; i ; m : -A—  which  is  as  the  /,C  ; 

+ ?■ 

from  this  take  n or  the  A MAC, 

dm  —dn  — rn 


and  there  remains 


d-\-r 


as  the  AM ; 


hence  again  aM  : aC  : CA  : MA  or  MB, 
. dm — dn  — rn  dm 

that  IS r- : : : r : ■ — 


MA 


d+r  d-\-r  m-n.d-nr 

or  MB  ; which  fliews  in  what  point  the  rays  would  be 
colledled  after  one  refradlion,  viz,  when  nr  is  lefs  than 

m—n.d.  But  when  nr  is  = m — n , dy  the  point 
would  be  at  an  infinite  diftance,  or  tlie  ravs  will  b(? 
parallel  to  the  axis ; and  when  nr  is  greater  than 

m — n . dy  then  MB  is  negative,  or  iM  falls  on  the  other 
fide  of  the  lens  beyond  D,  and  the  rays  ftill  continue  to 
diverge  after  the  firfl  refradfioii. 

The  point  M being  now  found,  to  or  from  which  the 
rays  proceed  after  the  hid  refraflion,  and  BM— BL 
being  thus  given,  which  call  D,  by  a procefs  like  the 
former  it  follows  that  FL,  or  the  focal  diftance  fought, 
. wDR 

rsequal  to  — - ==:  f»  And  here,  inftead  of 


m — n,  D 4*  w R 
D fubftituting  MB  — LB  or 


w 


dr 


— ty  and 


putting  p for 


tt 


771  — n.d  —nr 
y the  feme  theorem  will  become 


in  — n 

(mpdr  — ndt  -\-^nprt)  X R 


■-/< 


is  as  3 to  2,  rt  will  be 


= /.  And  if.it 


dr  -f  r/R-2rR 
be  of  water,  whofe  refratlion  is  as  4 to  3,  it  will  be 

'7’ — -Tf: — But,  if  the  lens  could  be  made  of 

dr-\-aL\  — ^rK 

diamond,  whofe  lefraflion  is  as  5 to  2,  it  would  be  . 
2r/rR 

4-  3r/R  — 2rR  . " ’ 

If  the  incident  rays,  inftc'ad  of  diverging,  he  con- 
verging, the  diftance  DB  or  d will  be  negative,  and 
then  the  theorem  lor  a double  convex  glafs  lens  will 

— 2fl^rPv  zdrR 

be 


or 


/ 7D  n , o =/>  in  wdiich 

— dr—dR.  — 2rR  <!/r  4-««^R+ 2/' R 

cafe  therefore  the  focus  is  always  on  the  other  fide  of 

the  glafs. 

And  if  the  rays  be  parallel,  as  coming  from  an  infi- 
nite diftance,  or  nearly  fo,  then  will  d he  negative,  as 
well  as  the  terms  in  tlie  theorem  in  which  it  is  found; 
and  therefore,  the  other  term  prR  will  be  nothing  in 
rclpe^  gi  thoie  infinite  tertns ; and  by  omitting  it,  the 


theorem  will  be 


pdrR 


prR 


or  for  glafs 


dr-\-dR 

2rR 

-/• 


r4'K. 


-A 


r 4“  R 

And  here  if  r = R,  or  the  two  fidcs  of  the  glafs  be 
of  equal  convexity,  this  laft  will  become  barely or 


2r 


barely  r ~f  the  focus,  which  therefore  is  in  the  cen- 
tre of  the  convexity  of  the  lens. 

If  the  lens  he  a menifeus  of  glafs;  then,  making  r 
negative,  the  theorem  is 

— idrR  2drR 


~ dr  -h  d R -h  2r  R dr  — d R — ^rR 
for  diverging  rays, 

- 2drR idrK 

— dr'  4-  ^/R  — 2rR ' 

for  converging  rays, 

— zrR  2/'R 
and r or 


^dr  — t/R  4"'2/'R- 


=// 


= f for  parallel  rays. 


— r 4-  R r — R 

If  the  lens  be  a double  concave  glafs,  r and  R will  bd  t 
both  negative,  and  then  the  theorem  becomes 

-2^7-R  rr  tr  ’ 1 ' 

=: / tor  cftverging  rays,  alVvays  negative  5 ; 


J'  for  converging  rays  ; 


tndr  4“  w^R  — mprRl'—  in  — n . at  4-  nrt 
the  focal  diftance  fought,  in  its  moft  general  form,  in- 
cluding the  thicknefs  of  the  lens  ; being  the  univerfal 
rule  for  the  foci  of  double  convex  .glatfes  expofed-.  to 
diverging  rays.-  . 

But  if  t the  thicknefs  of  the  lens  be  rejedted,  as  not 
fenfible,  the.  rule  will  be  much  Ihorter, 

. pdiR- 

Jr  + <7R  - ^rT 

If  therefore  the  lens  confift  of  glafs,  whofe  rcfradlion- 

zdr  R 


dr  4-  ^'R  4*  zr 
-idiR:'. 

dr  4'  <r/R  X 2rR 
— 2 7*  R ‘ 

and  • — ~ f for  parallel  rays,  - 

And  here,  if  the  radii  of  curvature  rand  R be  equal,' 
this  laft  will  be  barely  r ~f  for  parallel  rays  falling 
on  a double  concave  glafs  of  equal  curvature. 

. Laftly,  when  the  lens  Is  a plano-convex  glafs.;  theu,^ 
r being  infinite,  the  theorem  becomes 

= f for  diverging  rays, 


d^zR 

idR' 


f for  converging  rays, 


d + iR 

and  2R  =r.  y for  parallel  rays.  • 

The  theorems  for  parallel  rays,  as  coming  from  aa 
infinite  diftance,  take  place  In  the  common  refradling 
tclefcopes.  And  thofe  for  converging  rays  are  chiefly 
of  ufe  to  determine  the  focus  refulting  from  any  fort 
of  lens  placed  In  a telefcopc,  between  the  focus  of  the 
objedl-glafs  and  the  glafs  itfelf ; the  diftance  between 
the  faid  focus  of  the  objedl-glafs  and  the  interpofed 
Icns^b^^ing  made  — d‘y  while  thofe  for  diverging 
rays  are  chiefly  of  ufe  in  microfeopes,  reading  glalfes, 
and  other  cafes  in  which  near  objedls  are  viewed. 

It  is  evident  that  the  foregoing  general  theorem 
will  ferve  to  find  any  of  the  other  circum (lances,  as 
well  as  the  focus,  by  confidering  this  as  given..  Thus, 
for  inftance,  fuppofe  It  be  required  to  find  the  diftance 
at  which  an  objedt  being  placed,  it  lhall  by  a given 
lens-be  reprefented  as  large  as  . the  objcdl  itfelf ; which  ^ 
is  of  fingular  ufe  in  viewing  and  drawing  them,;  by  - 
tranfmittipg  the  image  through  a glafs  .-in  ; a .dark 
room,  as  in  the  camera  obfeura,  which,  gives  not-  only 
the  true  figure  and  lhades,  but  the  colours  themfelvesas 
vivid  as  the  life.  Now  in  this  cafer/is  fy  which  makes 
the  theorem  become  yJrR  = ^nd 

thii 
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tills  gives  d 


2/rR 


, But  if  the  two  convexities 

r -f- 

belong  to  equal  fpberes,  fo  as  that  r 


R,  then  it  is 


■A  = or  = If  when  the  lens  is  glafs.  So  that  if  the 
objed  be  placed  at  the  diameter  of  the  fphere  diiiaiit 
from  the  lens,  then  the  focus  will  be  as  far  diilant  on 
the  other  fide^  and  the  image  as  large  as  the  object. 
But  if  the  glafs  were  a plano-convex,  the  fame  dii- 
lance  would  be  juft  twice  as  much. 

Again,  recurring  to  the  fiift  general  theorem,  in- 
cluding the  thicknefs  of  the  lens  ; let  the  lens  be  a 
whole  fphere  ; then  t ~ 2r,  and  rr=R  ; and  hence  the 

«7  t)dr  — 2 71  dr  — 2 np  r “ 

theorem  reduces  to  ■ =/• 

2)id  -b  2 nr  — mpr 

And  here  If  d be  infinite,  the  theorem  contracls  to 


mp^zn 


2H  — W 


r or 


-r  =f;  or  for  glafs  \r  "f'. 


in  zfn  — ni 

(hewing  that  a fphere  of  glafs  colledfs  the  fun’s  rays  at 
half  the  radius  of  the  fphere  wdthout  it.  And  for  a 
fphere  of  v/ater,  the  focus  is  at  the  dIfiance  of  a whole 
radius* 

For  another  example  ; when  a hemifphere  is  expofed 
to  parallel  rays  ;■  then  d and  R being  infinite,  and  /=r, 


the  theorem  becomes 


mp 


n 


Tin 


m 


m 


% 


r 


mu 


That  is,  in  glafs  it  is  fr,  and  in  water  ^r. 

Several  other  corollaries  may  be  deduced  from  the 
foregoing  principles.  As, 

ill.  That  the  thicknefs  of  the  lens,  being  very 
fmall,  the  focus  will  remain  the  fame,  whether  the 
one  fide  or  the  other  be  expofed  to  the  rays. 

2d.  If  a luminous  body  be  placed  in  a focus  behind 
^ lens,  whether  plano-convex,  or  convex  on  both 
fides ; or  whether  equally  or  unequally  fo  ; the  rays 
become  parallel  after  refradlion,  as  -the  refraded  rays 
become  what  were  before  the  incident  rays.  And 
hence,  by  means  of  a convex  lens,  or  a little  glafs 
bubble  full  of  water,  a very  intenfe  light  may  be  pro- 
jedled  to  a great  dillance.  Which  furnifhes  us  with 
the  ftru(fture  of  a lamp  or  lantern,  to  throw  an  intenfe 
light  to  an  immenfe  diftance  ; for  a lens,  convex  on 
both  Tides,  being  placed  oppofite  to  a concave  mirror, 
if  there  be  placed  a lighted  candle  or  wuck  in  the  com- 
mon  focus  of  both,  the  rays  refleded  back  from  the 
mirror  to  the  lens  will  be  parallel  to  each  other ; and 
after  refradlion  will  converge,  till  they  concur  at  tire 
diftance  of  the  radius,  after  which  they  will  again  di- 
verge. But  the  candle  being  like  wife  in  the  focus  of 
the  lens,  the  rays  it  throws  on  the  lens  will  be  paral- 
lel; and  therefore  a very  intenfe  light  meeting  with 
another  equally  intenfe,  at  the  diftance  of  the  dia- 
meter from  the  lens,  the  light  will  be  furprifing : and 
though  it  afterwards  decreafe,  yet  the  parallel  and  di- 
verging rays  going  a long  way  together,  it  wall  be 
very  great  at  a great  diftance.  Lanterns  of  this  kind 
are  of  confiderable  fervice  in  the  night  time,  to  difeover 
remote  objedls ; and  arc  ufed  with  fuccefs  by  fowlers 
and  fiftiermen,  to  colled  their  prey  together,  that  fo  it 
may  be  taken. 

If  it  be  required  to  have  the  light,  at  the  fame 
time,  tranfmitted  to  fevcral  places,  as  through  fevc- 
ral  ftreets,  &c,  the  number  of  lenfes  and  mirrors  muft 
be  iacrcaled. 


3d.  Tlic  images  of  obieds  are  fliewn  inverted  in  the 
focus  of  a convex  lens:  nor  is  the  focus  ®f  the  fun’a 
rays  any  thing,  elfc,  in  effed,  but  the  image  of  the 
fun  inverted.  Hence,  in  foiar  eclipfes,  the  inn’s  image, 
eclipfed  as  it  is,  may  be  burnt  by  a large-  lens  on  a 
board,  &c,  and  exhibit  a very  entertaining  phenomenon. 

4th.  If  a concave  mirror  be  fo  placed,  as  that  an 
inverted  image,  formed  by  refradion  through  a lens, 
be  found  between  the  centre  and  the  focus,  or  even 
beyond  the  centre,  it  will  again  be  inverted  by  reflec- 
tion, and  fo  appear  erect ; in  the  firft  cafe  beyond  the 
centre,  and  in  the  latter  between  the  centre  and  the 
focus.  And  on  thefe  principles  the  camera  obfeura  is 
conftruded. 

The  image  of  an  objed,  delineated  beyond  a 
convex  lens,  is  of  fucli  a magnitude,  as  it  would  be 
of,  were  the  objed  to  ftiine  into  a dark  room  through 
a fmall  hole,  upon  a wall,  at  the  fame  diftance  Lorn 
the  hole,'  as  the  focus  is  from  the  lens, — When  an 
objed  is  iefs  diftant  from  a lens  than  the  focus  of 
parallel  rays,  the  diftance  of  the  image  is  greater  than 
that  of  the  objed  ; otherwife,  the  diftance  of  the  Image 
is  lefs  than  that  of  the  objed  : in  the  former  cafe, 
therefore,  the  image  is  larger  than  the  objed  ; in  the 
latter,  it  is  lefs. 

When  the  images  are  lefs  than  the  objeds,  they 
will  appear  more  diftind  and  vivid;  becaufe  then  more 
rays  are  accumulated  into  a given  fpace.  But  if  the 
iiTiages  be  made  greater  than  the  objeds,  they  will  not 
appear  diftindly  ; becaufe  in  that  cafe  there  arc  fewer 
rays  which  meet  after  refradion  in  the  fame  point  ; 
whence  it  happens,  that  rays  proceeding  from  different 
points  of  an  objed,  terminate  in  the  fame  point  of  an 
image,  which  is  the  caufe  of  confufion.  Hence  it 
appears,  that  the  fame  aperture  of  a lens  may  be  ad- 
mitted in  every  cafe,  if  we  would  keep  off  the  rays 
which  produce  confufion.  However,  though  the  image 
be  then  more  diftind,  when  no  rays  are  admitted  but 
tliofe  near  the  axis,  yet  for  want  of  rays  the  image 
is  apt  to  be  dim. 

6th.  If  the  eye  be  placed  in  the  focus  of  a convex 
lens,  an  objed  viewed  through  it,  appears  ered,  and 
enlarged  in  the  ratio  of  the  diftance  of  the  objed  from 
the  eye,  to  that  of  the  eye  from  the  lens,  if  it  be  near ; 
but  infinitely  if  remote. 

7th.  An  objed  viewed  through  a concave  lens,  ap- 
pears ei*ed,  and  diminifhed  in  a ratio  compounded  of 
the  ratios  of  the  fpace  in  the  axis  between  the  point 
ofiincldence,  and  the  point  to  which  an  oblique  ray 
would  pafs  without  refradion,  to  the  fpace  in  the 
axis  between:  the  eye  and  the  middle  of  the  objed; 
and  the  fpace  in  the  fame  axis  between  the  eye  and 
the  point  of  incidence,  to  the  fpace  between  the  mid- 
dle of  the  objed  and  the  point  to  which  the  oblique 
ray  would  pafs  without  refradion. 

Finally,  it  may  be  obferved,  that  the  very  fmall  mag- 
nifying glaifes  uled  in  microfeopes,  mod  properly  come 
under  the  denomination  of  lens,  as  they  moft  approach 
to  the  figure  of  the  lentil,  a feed  of  the  vetch  or  pea 
kind,  from  whence  the  name  is  derived;  but  the  reading 
glaifes,  and  burning  glafies,  and  all  that  magnify,  come 
under  the  fame  denomination  ; for  their  furfaces  are 
convex,  although  lefs  fo.  A drop  of  water  is  a lens,  and 
it  will  ferve  as  one ; and  many  have  ufed  it  by  way  of 
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lent?  in  tlieir  microfeopes.  ^ A drop  of  any  tranfparent 
fluid,  inclofed  between  two  concave  glafTes,  acquires  the 
lhape  of  a lens,  and  has  all  its  properties.  The  crvhal- 
line  humour  of  the  eye  is  a lens  exadfly  of  this  kind  ; it 
is  a fmall  quantity  of  a tranflucent  fluid,  contained  be- 
tween two  concave  and  tranfparent  membi-anes,  called 
the  coats  of  the  eye  ; and  it  a6fs  as  the  lens  made  of 
water  would  do,  in  an  equal  degree  of  convexity. 

LEO,  the  I/iotif  a confiderable  conllellation  of  the 
northern  hemifphere,  being  one  of  the  48  old  conllel- 
lations,  and  the  eth  fign  of  the  zodiac.  It  is  marked 
thus  as  a rude  Iketch  of  the  anirnai. 

The  Greeks  fabled  that  this  was  the  Nemssan  lion, 
which  had  dropped  from  the  moon,  but  being  flain  by 
Hercules,  was  railed  to  the  heavens  by  Jupiter,  in  com- 
memoration of  the  dreadful  conhidl:,  and  in  lionour  of 
that  hero.  But  the  hieroglyphical  meaning  of  this  hgn, 
fo  depidfed  by  the  Egyptians  long  before  tlie  invention 
of  the  fables  of  Hercules,  was  probably  no  more  than  to 
fignify,  by  the  fury  of  the  lion,  the  violent  heats  occa- 
sioned by  the  fun  when  he  entered  that  part  of  the 
ecliptic. 

The  ftars  in  the  conflellation  Leo,  in  Ptolomy’s  ca- 
talogue are  27,  befides  8 unformed  oneSi  now  counted  in 
later  times  in  the  conllellation  Coma  Hereniccs,  in  Ty- 
cho’s 30,  in  that  of  Hevelius  49,  and  in  Flamlleed’s 
9^  ; one  of  them,  of  the  firll  magnitude,  in  the  bread 
ol  the  Lion,  is  called  Regulus,  and  Cor  Leonis,  or 
Li  on’s  Heart. 

Leo  Minor,  the  Little  Lion,  a conllellation  of  the 
northern  hemifphere,  and  one  of  the  new  ones  that 
were  formed  out  of  what  were  left  by  the  ancients,  un- 
der the  name  of  Stellse  Informes,  or  unformed  dars,  and 
added  to  the  48  old  ones.  It  contains  53  dars  in  Flam- 
lleed’s catalogue. 

Cor  Leonis,  Llon^ s heart,  a fixed  dar,  of  the  fird 
magnitude,  in  the  figu  Leo  ; called  alfo  Regulus,  Bafi- 
iicus,  &c. 

LEPUS,  the  Hare,  a conllellation  of  the  fouthern  he- 
mifphere, and  one  of  the  48  old  conllellations. 

The  Greeks  fabled,  that  tin's  animal  was  placed  in  the 
heavens,  near  Orion,  as  being  one  of  the  animals  which 
he  hunted.  But  it  is  probable  their  mailers,  the  Egyp- 
tians, had  fome  other  meaning  in  this  hieroglyphic. 

The  dars  in  the  condellation  Lepus,  in  Ptolomy’s 
catalogue  aie  12,  In  Tycho’s  13,  and  in  Flamdeed’s  19. 

LEUCIPPUS,  a celebrated  Greek  philofopher  and 
mathematician,  who  llourillied  about  the  428th  year  be- 
fore Chnd.  He  was  the  fird  author  of  the  famous 
fydem  of  atoms  and  vacuums,  and  of  the  hypothefis  of 
fiorms;  fince  attributed  to  the  moderns. 

LEVEL,  an  indrument  ufed  to  make  a line  parallel 
to  the  horizon,  and  to  continue  it  out  at  plcafurc  ; and 
by  this  means  to  find  the  true  level,  or  the  difference 
of  afeent  or  defeent  between  two  or  more  places,  for 
conveying  water,  draining  fens,  &c. 

There  are  feveral  Inllruments,  of  different  contrivance 
and  matter,  invented  for  the  perfection  of  levellinp-,  as 
may  be  feen  in  De  ia  Hire’s  and  Picard’s  treatife^s*  of 
Levelling,  iri  Biron’s  treatife  on  Mathematical  Inllru- 
snents,  aho  in  the  Philof.  Tranf.  and  the  Flemoirs  de 
I’Acad.  <?tc.  Bat  they  may  be  reduced  to  the  follow- 
ing kinds. 

/Hr/fc-LEVEL,  that  which  ll^ews  the  horizontal  line 
by  means  of  a furface  of  water  or  othei'  fluid  : founded 
Vol.il 


on  this  principle,  that  water  always  places  itlelf  level  oi' 
horizontal. 

The  mod  fimple  kind  is  made  of  a long  w'Oodeu  trough 
or  canal ; which  being  equally  filled  wuth  w^ater,  its  fur- 
■ face  d.ews  the  line  of  level.  A nd  this  is  the  chorobates 
of  the  ancients,  defcribed  by  Vitruvius,  lib.  viii.  cap.  6. 

The  waatcr-levcl  is  alfo  made  with  two  cups  fitted  to 
tne  two  ends  of  a draight  pipe,  about  an  inch  diame- 
ter, and  3 or  4 feet  long,  by  means  of  wliich  the  water 
communicates  from  the  one  cup  to  the  other  ; and  this 
pipe  being  moveable  on  its  dand  by  means  of  a ball  and 
focket,  when  the  two  cups  fhew  equally  full  of  vvaterj, 
their  two  furfaces  mark  the  line  of  level. 

^ Ibis  indrument,  indead  of  cups,  may  alfo  be  made 
witu  tw'o  ihort  cylinders  of  glafs  three  or  four  inches 
long,  faiiened  to  each  extremity  of  the  pipe  with  wax  or 
madm.  The  pipe  Is  filled  with  common  or  coloured 
water,  which  fhews  itfclf  through  the  cylinders,  by  means 
of  which  the  line  of  Level  is  determined  ; the  height  of 
the  water,  with  rcfpedl  to  the  centre  of  the  earth,  being 
always  the  fame  in  both  cylinders.  This  level,  though 
very  fimple,  is  yet  very  commodious  for  levelling  frnail 
didances.  See  tlie  method  of  preparing  and  ufing  a wa- 
ter-level, and  a mercurial  Level,  annexed  to  Davis’s  qua- 
drant, for  the  fame  purpofe,  by  Mr.  Leigh,  in  Philof. 
Tranf.  vol.  xl.  417,  or  Abr.  viii.  362. 

A^/V-Level,  that  which  fhews  the  line  of  Level  by 
means  of  a bubble  of  air  inclofed  with  fome  fluid  iu  a 
glafs  tube  of  an  indeterminate  length  and  thicknefs,  and 
haying  its  two  ends  hermetically  leak’d  : an  invention, 
it  is  faid,  of  AL  Thevenot.  ^V’^hen  lire  bubble  fixes  itfclf 
at  a certain  mark,  made  exactly  in  the  middle  of  the 
tube,  the  cafe  or  ruler  in  which  it  is  fixed,  is  thenlevek 
AVhen  it  Is  not  level,  the  bubble  will  rife  to  one  end. — 
This  glafs-tube  may  be  fet  In  another  of  brafs,  having 
an  aperture  in  the  middle,  where  the  bubble  of  air  may- 
be obferved. — The  liquor  witli  which  the  tube  Is  filled, 
is  oil  of  tartar,  or  aqua  fccunda  ; thofe  not  being  liable 
to  freeze  as  common  w’ater,  nor  to  rarefadion  and  con- 
denlatlon  as  fpirit  of  wine  is. 

There  is  one  of  tliefe  indruments  with  fights,  bcinc^ 
an  improvement  upon  that  lad  defcribed,  which,  by  the 
addition  of  other  apparatus,  becomes  more  exad  and 
commodious.  It  confids  of  an  alr-Level,  n°  i,  ff,g,  i, 
Plate  XIV ) about  8 Inches  long,  and  about  tw-o  thirds 
of  an  inch  in  diameter,  fet  in  a brafs  tube,  2,  having  an 
aperture  in  the  middle,  C.  The  tubes  are  carried  in  a 
drong  draight  ruler,  of  a foot  long;  at  the  ends  of  wmich 
are  fixed  two  fighrs,  3,  3,  exadly  perpendicular  to  the 
tubes,  and  of  an  equal  heiglit,  having  a fquare  hole, 
formed  by  two  fillets  of  brafs  eroding  each  other  at  ri^ht 
angles  ; in  the  middle  of  which  is  drilled  a very  fmali 
hole,  through  which  a point  on  a level  with  the  indru- 
nient  is  feen.  Tlie  brals  tube  is  fadened  to  the  ruler  by 
means  of  two  ferews ; the  one  of  which,  marked  4, 
ferves  to  raife  or  deprefs  the  tube  at  pleafure,  for  bring- 
ing it  towards  a level.  The  top  of  the  half  and  focket 
is  rivetted  to  a fmall  ruler  that  fprings,  one  end  of  which 
is  fadened  with  fprings  to  the  great  ruler,  and  at  the 
other  end  Is  a ferew,  5,  fci  ving  to  raife  and  deprefs  the 
indrument  when  nearly  level. 

But  this  indrument  is  dill  kfs  commodious  than  the 
following  one  : for  though  the  holes  be  ever  fo  fmall, 
yet  they  will  dill  take  In  too  great  a fpace  to  determine- 
■the  point  of  Level  predfclv, 
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Fig.  2,  is  a Le’vel  ^uith  Telefcopic  Sights,  fird  Invented 
by  Mr.  Huygens,  It  is  like  the  lad;  with  this  diffe- 
rence, that  inftead  of  plain  fights,  it  carries  a telefcope, 
to  determine  exaftly  a' point  of  Level  at  a confiderable 
diftance.  The  ferew  3,  is  for  raifing  or  lowering  a little 
fork,  for  carrying  the  hair,  and  making  it  agree  with 
the  bubble  of  air  when  the  inllrument  is  Level  ; and 
the  ferew  4,  is  for  making  the  bubble  of  air,  D or  E, 
agree  with  the  telefcope.  The  whole  is  fitted  to  a 
ball  and  focket,  or  otherwife  moved  by  joints  and 
{crews. — It  may  be  obferved  that  a telefcope  may  be 
added  to  any  kind  of  Level,  by  applying  it  upon,  or 
parallel  to,  the  bafe  or  ruler,  wheii  there  is  occafion 
to  take  the  level  of  remote  objeds:  and  It  poffelfes 
this  advantage,  that  It  may  be  inverted  by  turning 
the  ruler  and  telefcope  half  round  ; and  if  then  the 
hair  cut  the  fame  point  that  it  did  before,  the  opera- 
tion Is  jufl.  Many’-  varieties  and  improvements  of  this  in- 
flrument  have  been  made  by  the  more  modern  opticians. 

Dr.  Defaguliers  propofed  a,  machine  for  taking  the 
difference  of  Level,  which  contained  the  principles  both 
©f  a barometer  and  thermometer  ; but  it  is  not  accu- 
rate In  pradice : Philof.  Tranf.  vol.  xxxiii.  pa.  165, 
or  Abr.  vol.  vi.  271.  3?  4>  5> 

Mr.  Hadley  too  has  contrived  a Spirit  Level  to  be 
fixed  to  a quadrant,  for  taking  a meridian  altitude  at 
fea,  when  the  horizon  is  not  vifble.  See  the  deferip- 
tion  and  figure  of  it  in  the  Philof.  Tranf.  vol.  xxxviii. 
167,  or  Abr.  viii.  357.  Various  other  Spirit  Levels, 
and  Mercurial  Levels,  are  alfo  invented  and  ufed  upon 
different  occafions. 

Rfjleding  Level,  that  made  by  means  of  a pretty^ 
long  furface  of  water,  reprefenting  the  fame  objed 
inverted,  which  we  fee  ered  by  the  eye;  fo  that  the 
point  wliere  thefe  two  objeds  appear  to  meet,  is  on  a 
Level  with  the  place  where  the  furface  of  the  whaler  is 
found.  This  is  the  invention  of  M.  hlariotte. 

There  is  another  receding  Level,  confifting  of  a 
polifhed  metal  mirror,  placed  a little  before  the  ob- 
jed glafs  of  a telefcope,  fufpended  perpendicularly. 
This  mirror  raufl  be  fet  at  an  angle  of  45  degrees  ; 
in  which  cafe  the  perpendicular  line  of  the  telefcope 
becomes  a horizontal  line,  or  a line  of  Ijevel.  Whicii 
is  the^invention  of  M.  Cahini. 

ylrtillery  is  in  form  of  a fquare  (fig.  7), 

having  its  two  legs  or  branches  frf  an  equal  length  ; at 
the  jundion  of  which  is  a fmall  hole,  by  which  hangs 
'u  plummet  playing  on  a perpendicular  line  in  liie  mid- 
dle of  a quadrant,  which  is  divided  both  way  s_  from 
that  point  into  45  degrees. 

This  inflrument  may  be  ufed  on  other  occafions,  by 
placing  the  ends  of  its  two  branches  on  a plane  ; for 
when  the  plummet  plays  perpendicularly  over  the  mid- 
dle divifion  of  the  quadrant,  the  plane  is  tlicn  Level. 

To  life  it  in  Gunnery,  place  the  two  ends  on  the 
piece  of  artillery,  which  may  be  raifed  to  any  pro- 
pofed height,  by  means  of  the  plummet,  wliich  will 
cut  the  degree  above  the  Level.  But  this  fuppofes  the 
outfide  of  the  cannon  is  parallel  to  uhs  axis,  which  is 
not  always  the  cafe  ; and  therefoi’c  they  ufe  another 
inflrument  uowq  either  to  let  the  piece  Level,  or 
elevate  it  at  any  angle ; namely  a fmall  quadrant, 
with  one  of  its  radii  continued  out  pretty  long, 
which  being  put  ktto  the  irtfde  of  the  cyliudricai 


bore,  the  plummet  fiiews  the  angle  of  elevation,  Oj- 
the  line  of  Level.  See  Gunner’’ s Qjjadrant. 

Carpenters,  Bricklayer’ s , or  Pallor’s  Level,  confifls 
of  a long  ruler,  in  the  middle  of  which  is  fitted  at 
right  angles  another  broader  piece,  at  the  top  of 
which  is  faflened  a plummet,  which  w'hen  it  hangs- 
over  the  middle  line  of  the  2d  or  upright  piece, 
fliews  that  the  bafe  or  long  ruler  is  horizontal  or  LeveL 


Eig.  8. 


Mafon’s  Level,  is  compofed  of  3 rules,  fo  jointed 
as  to  form  an  ifofceles  triangle,  iomewhat  like  a' 
Roman  A;  from  the  vertex  of  which  Is  fufpended- 
a plummet,  which  hangs  diredlly  over  a mark  In  the  mid- 
dle of  the  bafe,  when  this  is  horizontal  or  I^evel.  Fig. 

Plumb  or  Pendulum  I.evel,  faid  to  be  invented  by 
M.  Picard  ; fig.  lo.  This  fliew^s  tlie  horizontal  line  by 
means  of  another  line  perpendicular  to  that  deferibed 
by  a plummet  or  pendulum.  This  Level  confifls  of  two 
legs  or  branches,  joined  at  right  angles,  the  one  of 
which,  of  about  18  inches  long,  carries  a thread  and 
plummet  ; the  thread  being  hung  near  the  top  of  the 
branch,  at.  the  point  2.  The  rniddle  of  the  branch. 
where  the  thread  paffes  Is  hollow,  fo  that  it  may  hang 
free  every  where : but  towards  the  bottom,  where 
there  is  a fmall  blade  of  filver,. on  which  a line  is  drawn 
perpendicular  to  the  telefcope,  the  fa-id  cavity  is  covet- 
ed by  two  pieces  of  brafs,  wdth  a piece  ot  glafs  G,  to 
fee  the  plummet  through,  forming  a kind  of  cafe,  to  pre- 
vent the  wind  from  agitating  the  thread.  The  telefcope,.. 
of  a proper  length,  is  fixed  to  the  other  leg  of  the  in- 
flrument, at  right  angles  to  the  perpendicular,  and 
having-  a hair  ilretched  horizontally  acrofs  the^focus 
of  the  objedf- glafs,  wdtich  determines  the  point  of 
Level,  when  the  fir  ing  of  the  plummet  hangs  again  ft 
the  line  on  the  filver  blade.  The  whole  is  fixed  by  a. 
ball  artd  focket  to  its  ftand. 

Eig.  12,  is  a Balance  Level  ; which  being  fufpena- 
ed  by  the  lung,  the  two  fights,  when  in  equilibnoj. 
will  be  horizontal,  or  in  a Level. 

Some  other  I>cvels  are  alfo  reprefented  in  plate  xiv® 

LEVELLING,  the-ert  or  aT  of  finding  a line  pa- 
rallel to  the  horizon  at  one  or  more  ftations,  to  deter- 
mine the  height  or  depth  of  one  place  with  refpecl  to- 
anotlicr  ; for  laying  out  grounds  even,  regulating  de- 
feents,  draining  mGraffes,  condudling  waiter,  &c. 

Two  or  more  places  are  on  a true  levtl  when  they 
are  equally  Giflant  from  the  centre  ©f  the  earth.  ^ Aifo 
one  place  is  higher  than  another,  or  out  of  level  with^ 
it,  when  it  is  farther  from  the  centre  of  tlie  earth  r 
and  a line  equally  dillant  i 
points,  is  called  the  line  of  i 
the  earth  i-s  round,  that  line  mi 
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it ; as  the  line  BCr  G,  whic 
all  its  points  equally  diftanl 
A the  centre  of  the  earth  ; con- 
fidering  it  as  a perledl  globe. 

But  the  line  of  fight  BDE  &c 
given  by  the  operations  of  levels, 
is  a tangent,  or  a right  line  per- 
pendicular to  the  femidiarneter  of 
the  earth  at  tlie  ])oint  of  contact 
B,  riling  always  higher  above  the  true  line  of  level, 
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tlie  farther  the  diftance  is,  is  called  the  apparent  line 
of  levef.  Thus,  CD  is  the  height  of  the  apparent 
level  above  the  true  level,  at  the  diftance  BC  or  BD  ; 
alio  EF  is  the  excefs  of  heiglit  at  F ; and  GH  at 
C;  &c.  The  diiTerence,  it  is  evident,  is  always  equal 
to  the  excefs  of  the  fecant  of  tlie  arch  of  diilance 
above  the  radius  of  the  earth. 


The  coniincn  methods  of  levelling  are  fulFicicnt  for 
laying  pavements  of  walks,  or  for  conveying  water  to 
fniall  dillances,  : but  in  more  cxtenfive  operations, 
as  in  levelling  the  bottoms  of  canals,  which  are  to  con- 
vey water  to  the  diftance  of  many  miles,  and  fuch  like, 
the  difference  between  the  true  and  the  apparent  level 
rxuift  be  taken  into  the  account. 

Now  the  difference  CD  between  the  true  and  appa- 
rent level,  at  any  diftance  BC  or  BD,  may  be  found 
thus  : By  a well  known  property  of  the  circle  2 AC -ft 
CD  : BD  ; : BD  ; CD  ; or  btcaufe  the  diameter  of  the 
earth  is  fo  g_reat  with  refpeci  to  the  line  CD  at  ali 
diftances  to  wdiich  an  operation  of  levelling  commonly 
extends,  that  2AC  mav  be  fafely  taken  for2AC-{- 
CD  in  that  proportion  without  any  fenllble  error,  it 
will  be  2AC  ; BD  ; : BD  : CD  which  therefore  is 

BD*  BC^  , , . , 

— -7-7,  “TD  the  difference  be- 
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tween  the  true  and  apparent  level,  is  equal  to  the 
fquare  of  the  diftance  between  the  places,  divided  by 
the  diameter  ol  the  enitli  ; and  confcquenrly  it  is  al- 
ways proportional  to  the  fquare  of  the  diftance. 

Now  the  diameter  of  the  earth  being  nearly  7958 
miles  ; if  we  ftrft  take  BC  = i mile,  then  the  excefs 
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of 


^ AC""""  -c  58  which  is  7*962  inches, 

or  almoft  8 inches,  for  the  height  of  the  apparent  above 
the  true  level  at  the  diftance  of  one  mile.  Hence, 
proportioning  the  exceftes  in  altitude  according  to  the 
fquares  of  the  diftances,  the  following  Table  is  obtained, 
Ihewlng  the  height  of  the  apparent  above  the  true 
level  for  every  100  yards  of  diftance  on  the  one  hand, 
and  for  every  mile  on  the  other. 
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By  means  of  thefe  Tables  @f  reductions,  we  can  now 


level  to  almoft  any  diftance  at  one  operation,  which  the 
ancients  could  not  do  but  by  a great  multitude  ; for, 
being  unacquainted  with,  the  corredlion  aufweriug  to 
any  diftance,  they  only  levelled  from  one  20  yards  to 
another,  when  they  had  occafioa  to  continue  the 
work  to  feme  confiderable  extent. 

This  table  will  anfiver  feveral  ufeful  purpofes.  Thus, 
ftrft,  to  find  the  height  of  the  apparent  level  above  the 
true,  at  any  diftance.  If  the  given  diftance  be  con- 
tained in  tlie  table,  the  correftion  of  level  is  found  on 
the  fame  line  with  it : thus  at  the  diftance  of  iogo 
yards,  the  correTiou  is  2*57,  or  two  inches  and  a 
half  nearly;  and  at  the  diilance  of  10  miles,  it  is  66 
feet  4 inches.  But  if  the  exadf  diftance  be  not  found 
in  tlie  table,  then  multiply  the  fquare  of  the  diftance 
in  yards  by  2*57-)  and  divide  by  1000000,  or  cut  off 
6 places  on  the  right  for  decimals ; the  reft  are  inches,: 
or  multiply  the  ftpiare  of  the  diftance  in  miles  by  66 
feet  4 inches,  and  divide  by  100.  2ndly,  To  find  the 
extent  oi  the  vifible  horizon,  or  how  far  can  be  feen 
from  any  given  lieight,  on  a horizontal  plane,  as  at  fea, 
See.  Suppofc  the  eye  of  an  obferver,  on  the  top  of 
a ftiip’s  mall  at  fea,  be  at  the  height  of  130  feet  above 
tlie  water,  he  wall  then  fee  about  14  miles  all  around. 
Or  from  the  top  of  a clifl'  by  the  fea-ftde,  the  heiu-ht 
of  w^hich  is  66  feet,  a perfon  may  fee  to  the  diftance 
of  near  10  miles  on  the  furface  of  the  fea.  Alfo,  when 
'tlie  top  of  a hill,  or  the  light  in  a liglithoufe,  or  fucii 
like,  whofe  height  is  130  feet,  firlt  comes  into  the 
view  of  an  eye  on  board  a ftiip  ; the  table  ftiews  that 
the  diftance  of  the  ftiip  from  it  is  14  miles,  if  the  eye 
be  at  the  furfacc  of  the  water  ; but  if  the  height  of 
the  eye  in  the  Ihip  be  So  feet,  then  the  diftance 
will  be  iucreafed  by  near  1 1 miles,  making  in  all  about 
25  miles,  diftance. 

3dly,  Suppofe  a fpring  to  be  on  ope  ftde  of  a hill, 
and  a Iioiife  on  an  oppofttc  hill,  with  a valley  between 
them  ; and  that  the  fpring  feen  from  the  houfe  ap- 
pears by  a levelling  inftrument  to  be  on  a level  wutli  the 
foundation  of  the  houfe,  which  fuppofe  is  at  a mile 
diftance  from  it ; then  is  the  fpring  8 inches  above  the 
true  level  of  the  houfe  ; and  this  difference  would  be 
barely  fufficient  for  the  w'ater  to  be  brought  in  pipes 
from  the  fpring  to  the  houfe,  the  pipes  being  laid  all 
the  way  in  the  ground. 

4th,  If  the  height  or  diftance  exceed  the  limits  of 
the  table  : Then,  ftrft,  if  the  diftance  be  given,  divide 
it  by  2,  or  by  3,  or  by  4,  &:c,  till  the  quotient  come 
within  the  diftances  in  the  table;  tlien  take  out  the 
heiglit  aiifwering  to  the  quotient,  and  multiply  it  by 
the  iquarc  of  the  divifor,  tliat  is  by  4,  or  9,  or  16,  &c, 
for  the  height  required  ; So  if  the  top  of  a hill  be  juft 
feen  at  the  diftance  of  40  miles  ; then  40  divided  bv 
4 gives  10,  to  which  In  the  cable  anfw’ers  66 j feet, 
which  being  multiplied  by  16,  the  fquare  of  4,  n-ives 
10613  feet  for  the  height  of  the  hill.  But  when  the 
height  Is  given,  divide  it  by  one  of  thefe  fquare  num- 
bers  4,  9,  16,  23,  fee,  til!  the  quotient  come  within 
the  limits  of  the  table,  and  multiply  the  quotient  by 
the  fquare  root  of  the  divilbr,  that  is  by  2,  or  3,  or  4, 
or  5,  fee,  for  the  diftance  fought  ; So  when  tlie  top 
of  the  pike  of  Tent-riff,  faid  to  be  almoft  3 miles  or 
15840  feet  high,  juft  comes  into  view  at  fea;  divide 
J5S40  by  225,  or  the  fquare  of  ic,  and  tire  quotient 
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IS  70  nearly  ; to  which  in  the  table  anfwers,  by  pro- 
portion, nearly  lof  miles;  then  multiplying  lo}  by 
1 9,  gives  154  miles  and -f  , for  the  diftance  of  the 
hill. 

Of  the  Pradlce  of  Levelling, 


The  operation  of  Levelling  is  as  follows,  Suppofc 
the  height  of  the  point  A on  the  top  of  a mountain, 
above  that  of  B,  at  the  foot  of  it,  be  required.  ^Place 
the  level  about  the  middle  dshance  at  I),  and  let  up 
pickets,  poles,  or  ilaffs,  at  A and  B,  where  perfons 
miiil  attend  wdth  fignals  for  raifing  and  lowering,  on 
the  fald  poles,  little  marks  of  pafteboard  or  other  mat- 
ter. The  level  having  been  placed  horizontally  by  the 
bubble,  &c,  look  towards  the  Half  AE,  and  caufe  the 
perfon  there  to  raife  or  lower  the  mark,  till  it  appear 
through  the  teiefcope,  or  lights,  &c,  at  E : tnen  mea- 
fure  exadtly  the  perpendicular  height  of  the  point  E 
above  the^point  A,  which  fuppofe  5 feet  8 inches, 
fet  it  down  in  your  book.  Then  turn  your  view  the 
other  way,  .towards  the  pole  B,  and  caufe  the  perfon 
there  to  raife  or  lower  his  mane,  till  it  appear  in  the 
vifual  line  as  before  at  C ; and  meafuring  the  height  of 
C above  B,  which  fuppofe  1 5 feet  6 inches,  fet  this 
down  in  your  book  alfo,  immediately  above  the  num- 
ber of  the  firll  obfervation.  Then  fubtrad  the  one 
from  the  other,  and  the  remainder  9 feet  10  inches, 
will  be  the  difference  of  level  between  A and  B,  or  the 
height  of  the  point  A above  the  point  B. 

ff  the  point  D,'  where  the  inftrument  is  fixed,  be 
exadly  in  the  middle  between  the  points  A and  B, 
there  will  be  no  neceffity  for  reducing  the  apparent 
level  to  the  true  one,  the  vifual  ray  on  both  lides  be- 
ing raifed  equally  above  the  true  level.  But  if  not, 
each  height  mufl  be  correded  or  reduced  according 
to  its  diftance,  before  the  one  correded  height  is  fub- 
iraded  from  the  other  ; as  in  the  cafe  following. 


When  the  diftance  is  very  confiderable,  or  irregular, 
fo  that  the  opei'ation  cannot  be  effeded  at  once  placing, 
of  the  level  ; or  when  It  is  required  to  know  if  there 
be  a fufficient  defeent  for  conveying  water  from  the 
fpring  A to  the  point  B it  will  be  neceffary  to  per- 
form this  at  feveral  operations.  Having  chofen  a pro- 
per place  for  the  firfl  ftat^on,  as  at  1,  fix  a pole  at  the 
point  A near  the  fpring,  with  a proper  mark  to  Aide 
np  and  dowir  it,  as  Ij  5 and  meafurc  the  diftance  from 


A to  I.  Then  the  level  being  adjufled  in  the  point  I, 
let  the  mark  L be  raifed  or  lowered  till  it  is  feen 
through  the  teiefcope  or  fights  of  the  level,  and  mea- 
fure  the  height  AL.  Then  having  fixed  another  pole 
at  H,  dired  the  level  to  it,  and  caufe  the  mark  G to 
be  moved  up  or  down  till  it  appear  through  the  inftrii- 
ment : then  meafure  the  height  GH,  and  the  diftance 
from  I to  H ; noting  them  down  in  the  book.  This 
done,  remove  the  level  forwards  to  fome  other  emi- 
nence as  E,  from  whence  the  pole^H  may  be  viewed, 
as  alfo  another  pole  at  D ; then  having  a dj lifted  the 
level  in  the  point  E,  look  back  to  the  pole  H ; and 
managing  the  mark  as  before,  the  vifual  ray  will  give 
the  point  F ; then  meafuring  the  diftance  HE  and  the 
height  HF,  note  them  down  in  the  book.  Then, 
turning  the  level  to  look  at  the  next  pole  D,  the  vi- 
fual ray  will  give  the  point  D ; there  meafure  the 
height  of  D,  and  the  diftance  EB,  entering  them  in 
the  book  as  before.  And  thus  proceed  from  one  fta- 
tion  to  another,  till  thei  whole  is  completed. 

But  all  thefe  heights  muft  be  correded  or  reduced 
by  the  foregoing  table,  according  to  their  refpedive 
diftances ; and  the  whole,  both^  diftances  and  heights, 
with  their  corredlons,  entered  in  the  book  In  the  fol- 
lowing manner. 


Ba 

ch-fights. 

For 

efghts. 

Difts. 

Hts. 

Cors. 

Difts. 
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ft  ill. 
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ft 
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70 
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27 

6 
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6*  1 

2 1 o'8 

|Dift.4755 

26 

1 1*9 

21 

0 fe 

Whole  Dif.  of 

, - - 

level 

5 

1 i-i 

Having  fummed  up  all  the  columns,  add  thofe  of 
the  diftances  together,  and  the  whole  diftance  from 
A to  B Is  4755  yards,  or  2 miles  and  3 quarters  near- 
ly. Then,  the  fums  of  the  corredions  taken  from  the 
fums  of  the  apparent  heights,  leave  the  two  correded 
heights  ; the  one  of  which  being  taken  from  the  other, , 
leaves  5 feet  ii*i  inc.  for  the  true  difference  of  level 
fought  between  the  two  places  A and  B,  which  is 
at  the  rate  of  an  inch  and  half  nearly  to  every  100 
yards,  a quantity  m.ore  than  fufficient  to  caufe  the 
water  to  run  from  the  fpring  to  the  houfe. 

Or,  the  operation  may  be  other  wife  performed,  thus; 
Inftead  of  placing  the  level  between  every  two  poles, 
and  taking  both  back-fights  and  fore-fights  ; plant  it 
firft  at  the  fpring  A,  and  from  thence  obferve  the  level 
to  the  firfl  pole  ; then  remove  it  to  this  pole,  and  ob- 
ferve the  2d  pole  ; next  move  it  to  the  2d  pole,  and  ob- 
ferve the  3d  pole;  and  fo  on,  from  one  pole  to  another, 
always  taking  foreward  fights  or  obfervations  only*. 
And  theivat  .the  laftj  add  all  the  correded  heights  to- 
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getlier,  and  the  fum  will  be  the  whole  difFcrence  of  level 
fought. 

Dr.  Halley  fiiggefted  a new  method  of  levelling  per- 
formed wholly  by  means  of  the  barometer,  in  which 
the  mercury  is  found  to  be  fufpended  at  fo  much  the 
lefs  height,  as  the  place  is  farther  remote  from  the 
centre  of  the  earth  ; and  hence  the  different  heights  of 
the  mercury  in  two  places  give  the  difference  of  level. 
Thismethod  is,  in  fadt,  no  other  than  the  method  of  mea- 
furing  altitudes  by  the  barometer,  which  has  lately  been 
fo  fuccefsfully  pradtifed  and  perfedfed  by  M.  De  Luc 
and  others  ; but  though  it  ferves  very  well  for  the 
heights  of  hills,  and  other  confiderable  altitudes,  it  is 
not  accurate  enough  for  determining  fmall  altitudes,  to 
inches  and  parts.  See  the  Barometrical  Meafurement 
'cf  Altitudes. 

Levelling  Poles^  or  Staves^  are  inftruments  ufed 
in  levelling,  fervlng  to  carry  the  marks  to  be  obferved, 
and  at  the  fame  time  to  meafure  the  heights  of  thole 
' marks  from  the  ground.  They  ufually  confilf  each  of 
two  long  wooden  rulers,  made  to  Hide  over  each  other, 
and  divided  into  feet  and  inches,  &c. 

lever,  a ftraight  bar  of  iron  or  wood,  &c,  fup- 
pofed  to  be  inflexible,  fupported  on  a fulcrum  or  prop 
by  a Angle  point,  about  which  all  the  parts  are  move- 
able. 

The  Lever  is  the  firfl:  cf  thofe  fimple  machines 
called  mechanical po^vers^  as  being  the  Cmpleft  of  them 
all ; and  is  chiefly  ufed  for  railing  great  weights  to 
fmall  heights,. 


The  Lever'  is  of  three  kinds.  Firfl;  the  common 
fort,  where  the  weight  Intended  to  be  raifed  is  at  one 
end  of  it,  our  ffrength  or  another  weight  called  the 
power  is  at  the  other  end,  and  the  prop  or  fulcrum 
is  between  them  both.  In  ffirring  up  the  fire  with  a 
poker,  we  make  ufe  of  this  Lever;  the  poker  is  the 
Lever,  it  rells  upon  one  of  the  bars  of  the  grate  as  a 
prop,  the  incumbent  fire  is  the  weight  to  be  over- 
come, and  the  preffure  of  the  hand  on  the  other  end  is 
the  force  or  power.  In  this,  as  in  all  the  other  ma- 
chines, we  have  only  to  Increafe  the  dillance  between  the 
force  and  the  prop,  or  to  decreafe  the  diftance  between 
the  weight  and  the  prop,  to  give  the  operator  the 
greater  power  or  cfl'eft.,  To  this  kind  of  Lever  may 
alfo  be  referred  all  fciffais,  pincers,  fnuffers,  he.  The 
ffeel-yard  and  the  common  balance  are  alio  Levers  of 
this  kind. 


Ih  the  Lever  of  the  2d  kind  the  prop  is  at  one  end, 
the  force  or  ppw.er  at  the  other^  ,and  the  wciglit  to  be 


raifed  is  between  them#  Thus,  in  railing  a w^ater- 
plug  in  the  ftreets,  the  workman  puts  his  iron  bar  or 
Lever  through  the  ring  or  hole  of  the  j^lug,  till  the 
end  of  it  reaches  the  ground  on  the  other  lide ; 
then  making  that  the  prop,  he  lifts  the  plug  with 
his  force  or  ffrength  at  the  other  end  of  the  Lever. 
In  this  Lever  too,  the  nearer  the  weight  is  to  the 
prop,  or  the  farther  the  power  »from  the  prop,  the 
greater  is  the  effedt.  To  this  2d  kind  ol  Lever  may 
alfo  be  referred  the  oars  and  rudder  of  a boat,  the 
mails  of  a fliip,  cutting  knives  fixed  at  one  end,  and 
doors,  whofe  hinges  ierve  as  a fulcrum. 

In  the  Lever  of  the  third  kind,  the  power  a^ls  be- 
tween the  weight  and  the  prop  ; fuch  as  a ladder  raifed 
by  a man  fomewhere  bet\veen  the  twm  ends,  to  rear  it  ‘ 
againlt  a tvall,  or  a pair  of  tongs,  &c. 


(ir, 
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It  is  by  this  kind  of  Lever  too  that  the  mufcuIaV  • 
motions  of  animals  are  performed,  the  mufcles  being 
inferted  much  nearer  to  the  centre  of  motion,  than  the 
point  where  is  placed  the  centre  of  gravity  of  the 
weight  to  be  raifed  ; fo  that  the  power  of  the  mufcle 
is  many  times  greater  than  the  weight  it  Is  able  to 
fuftalu.  And  in  this  third  kind  of  Lever,  to  produce  a 
balance  between  the  power  and  weight,  the  power  or 
fo  rce  muff  exceed  the  weight,  in  the  fame  proportion 
as  it  is  nearer  the  prop  than  the  weight  is  ; whereas 
in  the  other  tw'o  kinds,  the  power  is  lefs  than  the 
w'eight,  in  the  fame  proportion  as  its  diffance  is  greater;  , 
that  is,  univcrfally,  the  power  and  weight  are  each  of 
them  reciprocally  as  tlieir  dillance  from  the  prop  ; as  ■ 
is  demon (Irated  below. 

Some  authors  make  a 4th  fort  of  what  is  called  a 
bended  Lever ; fuch  as  a hammer  in  drawing  a nail,  , 
5ec. 

In  all  Levers,  the  iiniverfal  property  is,  that  the 
effect  of  either  tire  w'clght  or  the  power,  to  turn  the 
Lever  about  the  fulcrum,  is  direftly  as  its  intenfity 
and  its  dillance  from  the  prop,  that  is  as  di^  where  d 
denotes  the  didance,  and  i the  intenfity,  ffrength,  or  ■ 
weight,  &c,  of  the  agent.  For  it  is  evident  that  at 
a double  dillance-  it  will  have  a double  effedl,  at  a tri- 
ple diffance  a triple  cffedl,  and  fo  on  ; alfo  that  a double  - 
intenfity  produces  a double  effecl,  a triple  a triple,  and  ’ 
fo  on  : therefore  univerfally  the  effeCl  Is  as  di  the  pro- 
duct of  the  two.  In  like  manner,  if  D be  the  diffance  • 
of  another  power  or  agent,  whofe  intenfity  is  I,  then  . 
38  D I the  effc6l  of  this  alfo  to  move  the  Lever.  And  ' 
if  thefc  two  agents  a6t  againff  each  other  on  the  Lever, 
and  their  eflL6ls  be  fuppofed  equal,  or  the  Lever  kept 
in  eqiiilibrio  by  the  equal  and  contraiy  effedls  of  thefe 
two  agents;  then  Is  DI  di^  which  equation  refolves  . 
into  this  analogy,  viz,  D .*  J : : z ; I ; that  Is,  the  di-  ■ 
ftances  of  the  agents  from  the  prop,  are  reciprocally 
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or  mverfely  as  tlieir  mtenfities,  or  tlie  power  is  to  the 
weiglit,  as  the  dillance  of  the  latter  is  to  the  diftance 
of  the  former. 

Writers  On  mechanics  commonly  demonftrate  this 
proportion  in  a very  abfurd  manner,  viz,  by  fiippofing 
the  Lever  put  into  motion  about  the  prop,  and  then  in- 
ferring that,  becaufe  the  momenta  of  two  bodies  are 
equal,  when  placed  upon  the  Lever  at  fuch  diflances, 
that  thefe  dillances  are  reciprocally  proportional  to  the 
weights  of  the.  bodies,  that  therefore  this  is  alfo  the 
proportion  in  cafe  of  an  equilibrium  ; whieli  is  an  at- 
tempt abfurdly  to  demonftrate  a thing  fuppofing  the 
contrary,  that  a body  is  at  reft,  by  fuppoiing  it  to  be 
in  motion.  I lliall  therefore  give  here  a new  and  uni- 
verfal  demonftration  of  the  property,  on  the  pure  prin- 
ciples of  reft  and  preffure,  or  force  A 
only.  Thus,  let  PW  be  a lever, 

C the  prop,  and  P and  W any  two 
forces  a^ing  on  the  lever  at  the 
points  P and  W,  in  the  diredtions 
PO,  WO  ; then  if  CE  and  CD 
be  the  perpendicular  diftances  of 
the  diredtions  of  thefe  force?  from 
the  prop  C,  it  is  to  be  demon- 
flrated  that  P : W ; : CD  ; CE, 

In  order  to  which  join  CO,  and 
draw  CB  parallel  to  WO,  and  CE  parallel  to  PO. 
Then  will  CO  be  the  diredlion  of  the  preffure  on  the 
prop,  otherwlfe  there  could  not  be  an  equilibrium,  for 
the  directions  of  three  forces  that  keep  each  other  in 
equilibrium,  mull  neceflarily  meet  in  the^  fame  point. 
And  becaufe  any  three  forces  that  keep  each  other  in 
equilibrium,  are  proportional  to  the  three  Tides  of  a tri- 
angle formed  by  drawing  lines  parallel  to  the  direc- 
tions of  thefe  forces  ; therefore  the  forces  on  P,  C, 
and  W,  are  as  the  three  lines  BO,  CO,  CB,  which  are 
in  the  fame  diredtion,  or  parallel  to  them  ; that  is  the 
force  P is  to  the  force  W,  as  BO  or  its  equal  CF  is 
to  CB.  But  the  two  triangles  CDF,  CEB  are  fimi- 
iar,  and  have  their  like  fides  proportional, 
viz,  CF  : CB  CD  : CE; 
and  becaufe  it  tv  as  CF  : CB  ; : P : W ; 
therefore  by  equality  P k W : : CD  : CE  ; 
that  is.  each  force  is  reciprocally  proportional  to  the 
diftance  of  its  diredlion  from  the  fulcrum.  And  it 
will  be  found  that  this  demonftration  will  ferve  alfo 
for  the  other  kinds  of  Levers,  by  drawing  the  lines  as 
diredled.  Hence  if  any  given  force  P be  applied  to  a 
Lever  at  A ; its  effedl  upon  the  Lever,  to  turn  it  about 
the  centre  of  motien  C,  is  as  the  length  of  the  arm 
CA,  and  the  fine  of  the  angle  of  diredlion  CAE.  For 
the  perp.  CE  is  as  CA  x fm.  Z.A. 

In  any  analogy,  becaufe  the  produdl  of  the  extremes 
is  equal  to  that  of  the  means  ; therefore  the  produdl  of 
the  power  bv  tlie  dillance  of  its  diredlion  is  equal  to 
the  produdl  of  the  weight  by  the  diftance  of  its  direc- 
tit)n.  That  is,  P X CE  — W X CD. 

If  the  Lever,  with  the  two  weights  fixed  to  it,  be 
made  to  move  about  the  centre  C ; the  momentum  of 
the  power  will  be  equal  to  that  of  the  weight  ; and  the 
weights  will  be  reciprocally  proportional  to  their  velo- 
cities. 
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V/hen  the  two  forces  adl  perpendicularly  on  tlis 
Lever,  as  two  weights  Sre  ; then,  in  cafe  of  an  equili-, 
brium,  E coincides  with  P,  and  D with  W ; and  the 
diftances  CP,  CW,  taken  on  the  Lever,  or  the  dif- 
tances of  the  power  and  v/eight,  from  the  fulcrum, 
are  reciprocally  proportional  to  the  power  and  vv^eiglit. 

In  a ftraight  Lever,  kept  in  equilibrio  by  a weight 
and  power  adding  perpendicularly  upon  it  ; then,  of 
thefe  three,  the  power*,  weight,  and  preiTure  on  the 
prop,  any  one  is  as  the  diftance  of  the  other  two. 
And  hence  -too  P-}-W  ; P ; : ED  : CD  , 

^ and  P-f-W  : Wft  : ED  : CP  ; 
that  is,  the  fum  of  the  weights  is  to  either  of  them,  as 
tlie  fum  of  their  diftances  is  to  the  diftance  of  the 
, other. 
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Alfo,  if  feveral  weights  P,  R,  S,  &c,  adl  on  a 
ftraight  Lever,  and  keep  it  in  equilibrio  ; then  the  fum 
of  the  prodiidls  on  one  fide  of  the  prop,  will  be  equal 
to  tiie  fum  on  the  other  fide,  made  by  multiplying 
each  weight  by  its  diftance  from  the  prop  ; viz,. 

P , AC  T 0^.  BC  = R . DC  -I-  S . EC  -k  &c. 

Hitherto  the  Lever  has  been  conftdered  as  a mathe- 
matical line  void  of  weight  or  gravity-.  But  when 
its  weight  is  confidered,  it  is  to  be  done  thus  : Find 
the  weight  and  the  centre  of  gravity  of  the  Lever  alone, 
and  then  confider  it  as  a mathematical  line,  but  hav- 
ing an  equal  weight  fufpended  by  that  centre  of  gra- 
vity ; and  fo  combine  its  effedl  with  thofe  of  the  other 
weights,  as  above. 

Upon  the  foregoing  principles  depends  the  nature  of 
fcales  and  beams  for  weighing  all  bodies.  For,  if  the 
diftances  be  equal,  then  will  the  weights  be  equal  alfo  ;• 
which  gives  the  ccnftrudlion  of  the  common  fcales. 
And  the  Roman  ftatera,  or  iteel-yard,  is  alio  a Lever, 
but  of  unequal  arms  or  diftances,  fo  contrived  that  one 
weight  only  may  ferve  to  weigh  a great  many,  by  Aid- 
ing it  backwards  and  forwards  to  diiFerent  diftances 
upon  the  longer  arm  of  the  Lever.  See  Balance, 
&c. 

Alfo  upon  the  principle  of  the  Lever  depends  al- 
moft  all  other  mechanical  powers  and  cfFedls.  See 
Wheel-and-axle,  Pulley,  Wedge,  Screw, 

LEVITY,  the  privation  or  want  of  weight  In  any 
body,  when  compared  with  another  that  is  lieavler  ; 
and  in  this  fenle  it  is  oppofed  to  gravity.  Thus 
cork,  and  moll  forts  of  wood  that  float  In  water,  have 
Levity  with  refpedl  to  water,  that  is,  are  lels  heavy. 
The  fchools  maintained  that  there  is  fuch  a tiling  as  pofl- 
tive  and  abiolute  Levity  ; and  to  this  they  imputed  the 
rife  and  buoyancy  of  bodies  lighter  in  fpecie  than  the 
bodies  in  which  they  rife  and  float.  But  it  is  now  well 
known  that  this  happens  only  in  confequende  of  tlie  hea- 
vierand  denfer  fluid,  which,  by  Its  fuperior  gravity,  gains 
the  lovveft  place,  and  raifes  up  the  lighter  body  by  a 
force  which  Is  equal  to -the  difference  of  their  gravi- 
ties. It  was  demonflrated  by  Archimedes,  that  a folid 
body  will  float  any  where  in  a fluid  of  the  fame  fpectfic 

gravity  ; 
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gravity  ; and  tliat  a lighter  body  will  always  be  raifed 
Kp  in  it, 

LEUWENHOEK  (Antony),  ?.  celebrated  Dutch 
philofopher,  was  born  at  Delft  in  16^2  ; and  ac(]uired 
2-  gieat  reputation  throughout  all  Europe,  by  his  ex- 
periments and  difcoveries  in  Natural  Hiftory,  by  means 
©f  the  mierofcope.  He  particularly  excelled  in  making 
glaffcs  for  microfcopes  and  fpedtacles  ; and  he  was  a 
member  of  moft  of  the  literary  focieties  of  Europe  y to 
whom  he  fent  many  memoirs.  Thofe  in  the  Philofo 
phical  I ranladlions,  and  in  the  Pans  Memoirs,  extend 
through  many  volumes  ; the  former  vveie  extradfed, 
and  publiflied  at  Leyden,  in  1722.  He  died  in  1723, 
at  91  years  of  age. 

LEYDEN  PniAL,  in  Eredlricity,  is  a glafs  phial 
or  jar,  coatea  both  within  and  without  with  tin  foil, 
©r  fome  other  conducting  fubflance,  that  it  may  be 
charged,  and  employed  in  a variety  of  ufefiil  and  en- 
tertaining experiments.  Or  even  fiat  glafs,  or  any 
other  fhape,  fo  coated  and  ufed,  has  alfo  received  the 
farce  denomination.  Alfo  a vacuum  produced  in  fuch 
a jar,  &cs  has  been  named  the  Leyc/t'fi  I'^acuum , 

^ i he  Leyden  Phial  Las  been  fo  called,  beeaufe  it  is 
faid  that  Al.  Cumeus,  a native  of  I^eyden,  firfl  con- 
trived, about  the  clofe  of  the  year  J745,  to  accumu- 
late the  eleftrical  power  in  glafs,  and  ufe  it  in  this  way. 
iBut  Dr.  PrieRley  alferts  tliat  this  difcovery  was  full 
made  by  \'on  Kleill:,  dean  ot  the  cathedral  in  Camin  ; 
who,  on  the  4th  of  November  1745,  fent  an  account 
of  it  to  Dr.  Licberkuhii  at  Berlin  : however,  thofe  to 
whom  IvJeill’s  account  was  communicated,  could  not 
fucceed  in  performing  his  experiments.  The  chief  cir- 
«umR:ances  of  this  difcovery  are  Rated  by  Dr.  PrieRley 
in  the  following  manner. 

ProfeRor  Muffchenbroek  and  liis  friends,  obferving 
that  eledlriRed  bodies,  when  cxpofed  to  the  common 
atmofphere,  which  is  always  replete  with  conducting 
particles  of  various  kinds,  loon  loR.the  moR  part  of 
their  cleCtricity,  imagined  that  if  the  eleCtriRed  bo- 
dies Riould  be  termmated  €>11  all  fides  by  original 
cieCtrics,  they  might  be  capjable  of  receiving  a 
Rrongcr  power,  and  retaining  it  a longer  time, 
Glafs  being  the  moR  convenient  eleCtric  for  this 
purpofe,  and  w'ater  the  moR  convenient  non-elec- 
tiic,  they  at  fiift  made  thefe  experiments  with  water 
m glafs  bottles : but  no  confiderable  difcovery  was 
made,  till  M.  Cunams,  liappening  to  hold  his  glafs  vef- 
fel  in  one  hand,  containing  water,  which  had  a com*- 
munication  with  the  prime  conductor  by  means  of  a 
Wire  ; and  with  the  otuer  hand  difcngaging  it  from 
tiic  conduClor,  when  he  fnj'pofed  the  water  had  re- 
ceived as  much  electricity  as  the  machine  could  give  it, 
w'as  furpriled  by  a hidden  and  unexpeCfed  fliock  hi  his 
arms  and  breaft.  h his  exjienment  was  repeated,  and 
the  iiiL  accounts  of  it  publu'hed  in  Holland  bv  MeRVs. 
Allamand  and  iMuRchenbroek  ; by  the  Abl.-c.  Nollet 
and  M.  rvlonnier,  in  France  ; and  by  Meflrs.  Graiaih 


and  Ivugger,  in  Germany.  M.  Gralath  contrived  tc 
increafe  the  Rrength  of  the  Riock,  by  altering  the 
fhape  and  Rze  of  tlie  phial,  and  alfo  by  ctiarging  fc- 
veral  phials  at  the  fame  time,  Jo  as  to  form  what  i; 
now^cailtxl  the  eleBr  'ical  battery . He  likewiie  made  the 
fiiocK  to  pais  through  a number  of  perfons  connected 
in  a circuit  from  ttie  oiufide  to  the  infide  of  the  phial. 
He  alfo  obferved  that  a cracked  phial  would  not  rc> 
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ceive  a charge  .*  and  -he  difeovered  what  is  now  called 
the  Refiduum.  of  a charge'. 

Dr.  \Yatfon,  about  this  time,  obferved  a circum- 
Rance  attending  the  operation  of  charging  the  phial, 
which,  if  purfued,  might  have  led  him  to  the  difcovery 
which  was  afterwards  made  by  Dr.  Franklin,  He 
fays,  that  when  the  phial  is  well  eledfrilEied,  and  you  ap- 
ply  your  hand  to  it,  you  fee  the  fire  flafii  from  the 
out  fide  of  tire  glafs,  wherever  you  touch  it,  and  it 
crackles  in  your  hand.  He  alfo  obferved,  that  when 
a Jingle  wire  only  was  faftened  about  a phial,  properly' 
filled  wi  th  warm  water,  and  cliarged  ; upon  the  in- 
Rant  of  its  exploiion,  the  eledtncal  corrufeations  were 
feen  to  dart  from  the  wire,  and  to  illuminate  the  wa- 
ter contained  in  the  phial.  Lie  h'kewife  found  that  the 
Rroke,  in  the  difeharge  of  the  phial,  was,  caterls  pari-' 
bus,  as  the  points  of  contadl  of  the  non-eledlrics  of  the 
outiidcofthe  glafs  ; which  led  to  the  method  of  Coat- 
ing  glaJs  : in  confequence  of  which  he  made  experi- 
inents,  from  whence  he  concluded,  that  the  effeft  of- 
the  Leyden  phial  was  greatly  incrcafed  by,  if  not  chiefly 
owing  to,  the  number  of  points  of  non-eledtrlc  in  con- 
tact within  the  glafs,  and  the  denfity  of  the  matter 
of  which  thefe  points  confrJfed  ; provided  the  matter 
was,. in  its  own  nature,  a ready  conductor  of  electricity. 
He  farther  obferved,  that  the  explofion  was  greater 
from  hot  water  inclofed  in  glaflfes,  than  from  cold,  and' 
from  his  coated  jars  warmed,  than  when  cold. 

Mr.  WilJon,  in-  1746,  difeovered  a method  of  giv- 
ing the  Jhock  to  any  particular  part  of  the  body,  with-- 
out  affedting  the  reit.  He  alfo  Increafed  the  Rrenu'thL 
of  the  fliock  by  phmging  the  phial  in  water,  which 
gave  it  a coat  of  water  on  the  outfide  as  high  as  it  was 
iilled  Within.  He  likewife  found,  that  the  law  of  ac- 
cumulation of  the  eledlrlc  matter  in  the  Leyden  phial, 
was  r.lways  in  proportion  to  the  thinnefs  of  the  glafs, 
the  iurface  oF  the  glafs,  and  that  of  the  non-eledf  rlcs 
in  contact  with  its  outiide  and  Infide.  He  made  alfo 
a variety  of  other  experiments  with  the  Ley'den  phial,, 
too  long  here  to  be  related,^ 

Mr.  Canton  found,  that  when  a charged  phial  was 
placed  upon  cledtrics,  the  wire  and  coating  would  give 
a fpark  or  two  alternately,  and  that  by  a continuance' 
of  the  operation  the  phial  would  be  difeharged  ; though 
he  did  net  obferve  that  thefe  alternate  fparks  proceeded' 
from  the  two  contrary  electricities  difeovered  by  Dr, 
Franklin. 


The  Abbe  Noilet  made  fevcral  experiments  with 
this  pfiial.  He  received  a fhock  from  one,  out  of 
which  the  air  had  been  exhauRtd,  and  Into  wii'ch  the* 
end  of  his  conductor  had  been  Inferted.  He  aferibed' 
the  force  of  the  glafs,  in  givmg  a fnock,  to  that  pro-- 
jierty  of  it,  by. which  it  retains  it  more  Rrongly  than. 
cunducRcrs  do,  and  is  not  fo  eafily  diveiled  of  it  as  they 
arc.  It  was  he  alfo  who  firJt  tried  the  eiTcCt  of  the 
eleCtric  fhock  on  brute  animals:  and  he  enlarged  the 


circuit  ot  its  conveyance. 

M.  Monnier,  it  has  been  faid,  was  the  firR  v.To  dif- 
vered  that  the  Leyden  phial  would  retain  its  eledfricity' 
for  a confiderable  time  after  it  was  charged;  and  that' 
in  time  of  rro.R, ' he  found  it  continued  for  36  hours. 
It  Is  remarkable  too  that  both  the  French  and  Eng-- 
lilh  philoJ'ophers  made  feveral  experiments,  which,  with 
a Irnali  degree  of  attention,  would  have  led  them  to  the 
diicovery  of  the  difieient  qualities  of  the  clcflricity  oiu 
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' tlie  coTitrary  Tides  of  the  gdafs.  Bat  this  difcovery  was 
referved  for  the  Ingenious  Dr.  Franklin  ; v/Iio,  in  ex- 
plaining the  method  of  charging  the  Leyden  phial, 
obferves,  that  when  one  fide  of  the  glafs  is  eledlrified 
plus,  or  politively,  the  other  fide  is  eledhihed  minus, 
or  negatively  : fo  that  whatever  quantity  of  fire  is 
thrown  upon  one  fide  of  the  glafs,  the  fame  quantity 
is  drawn  out  of  the  other ; and  in  an  uncharged  phial, 
none  can  be  thrown  into  the  iiifide,  when  none  can  be 
taken  from/  the  outf  de  ; and  that  there  is  really  no 
more  eledlric  fire  in  the  phial  after  it  is  charged  than 
'before  ; all  that  can  be  done  by  charging,  being  only 
-to  take  from  one  fide,  and  convey  to  the  other.  Dr. 
Franklin  alfo  obferved  that  glafs  was  not  impervious 
'to  electricity,  and  that  as  the  equilibrium  could  not 
be  rHlored  to  the  charged  phial  by  any  internal  com- 
I'punication,  it  mud  neceilarily  be  done  by  condudlors 
externally  joining  the  infide  and  the  outfide.  Tiiefe 
capital  difeoveries  he  made  by  cbferving,  that  when  a 
phial  was  charged,  a cork  ball  fufpended  by  filk,  was 
attradled  by  the  outfide  coating,  when  it  was  repelled 
by  a w'ire  communicating  with  the  infide,  and  •vice 
n)erfa.  But  the  truth  of  this  principle  appeared  more 
evident,  when  he  brought  the  knob  of  the  wire,  com- 
municating with  the  outfide  coating,  within  a few 
■inches  of  the  wire  communicating  with  the  infide  coat* 
ing,  and  fufpended  a cork  bail  between  them  ; fer 
then  the  ball  was  attradled  by  them  alternately,  till  the 
phial  was  difeharged. 

Dr.  Franklin  alfo  file  wed,  that  Vvdien  the  phial  was 
charged,  one  fide  loft  exaCtly  as  much  as  the  other 
^gained,  in  reftoring  the  equilibrium.  Hanging  a fine 
linen  thread.  neaY  the  coating  of  an  eledlrical  phial,  he 
obferved  that  whenever  he  brought  his  finger  near  the 
wire,  the  thread  was  attracted  by  the  coating  ; for  as 
the  lire  was  drawn  from  the  infide  by  touching  the 
wire,  the  outfide  drew  in  an  equal  quantity  by  the 
thread.  He  likewife  proved,  that  the  coaling  on  one 
iide  of  a phial  received  juft  as  much  eleCtricity,  as  was 
emitted  from  the  difeharge  of  the  other,  and  that  in 
the  following  manner  : — He  infulated  his  rubber,  and 
then  hanging  a phial  to  his  conductor,  he  found  it 
could  not  be  charged, 'even  when  his  hand  was  held 
conftantly  to  it  ; becaufe,  though  the  eledlric  fire 
might  leave  the  outfide  of  the  phial,  there  was  none 
colledted  by  the  rubber  to  be  conveyed  to  the  infide. 
He  then  took  awa}L  his  hand  from  the  phial,  and 
forming  a communication  by  a wire  from  the  outfide 
coating  to  the  infulated  rubber,  he  found  that  it  was 
charged  with  eafe.  In  this  cafe  it  was  plain,  that  the 
very  fame  fire  which  left  the  outfide  coating,  was 
•conveyed  to  the  infide  by  the  way  of  the  rubber,  the 
globe,  the  condudlor,  and  the  wire  of  the  phial.  This 
new  theory  of  charging  the  Leyden  phial,  led  Dr. 
Franklin  to  obferve  a greater  variety  of  fadls,  relating 
both  to  the  charging  and  difeharging  it,  than  other 
phllofophers  had  attended  to.  And  this  maxim,  that  it 
takes  in  at  one  furface,  what  it  lofes  at  the  other,  led  Dr. 
Franklin  to  think  of  charging  fevtral  phials  together 
with  the  fame  trouble,  by  connecting  the  outfide  of  one 
with  the  infide  of  another  ; by  which  the  fire  that  was 
•driven  out  of  the  firft  would  be  received  by  the  fe* 
.<:ond,  &c.  By  this  means  he  found,  that  a great  num- 
ber of  jars  might  be  charged  with  the  fame  labour  as 
•'one  only;  and  that  they  might ^be  charged  equally 
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high,  were  It  not  that  every  one  of  them  receives  the 
new  fire,  and  lofes  its  old,  with  fome  reluAance,  or 
rather  that  it  gives  fome  fmail  refi fiance  to  the  charg- 
ing.  And  on  this  principle  he  firft  conilruCled  an 
eleClrical  battery. 

When  Dr.  Fiatiklin  firft  began  bis  experiments  on 
the  Leyden  phial,  he  imagined  that  the  electric  fire 
was  all  prowded  into  the  fubftance  of  the  non-eledlric, 
in  contact  with  the  glafs.  But  he  afterwards  found, 
that  its  power  of  giving  a (hock  lay  in  the  glafs  itielf, 
and  not  in  the  coating,  by  the  following  ingenious 
analyfis  of  the  phial.  To  find  where  the  ftreugth  of 
the  charged  bottle  lay,  having  placed  it  upon  a glafs, 
he  firft  took  out  the  cork  and  the  wire  ; but  not  find- 
ing the  virtue  in  them,  he  touched  the  outfide  coat- 
ing with  one  hand,  and  put  a finger' of  the  other  into 
the  mouth  of  the  bottle  ; when  the  (hock  was  felt 
quite  as  ftrong  as  if  the  cork  and  wire  had  been  in 
it.  He  then  charged  the  phial  again,  and  pouring 
out  the  water  into  an  empty  bottle  which  was  infu- 
lated, he  expeClcd  that  if  the  force  refided  in  the  wa- 
ter, it  would  give  the  Ihock  ; but  he  found  it  gave 
none.  lie  therefore  concluded  that  the  eledfric  fire 
mull  either  have  been  loft  in  decanting,  or  miift  re- 
main in  the  bottle  ; and  the  latter  he  found  to  be  true  ; 
for,  upon  filling  the  charged  bottle  with  frefti  water, 
he  found  the  fhock,  and  was  fatisfied  that  the  power 
of  giving  it  refided  in  the  glafs  ilfelf.  The  fame  ex- 
periment was  made  with-  panes  of  glafs,  laying  the 
coating  on  lightly,  and  charging  it,  as  the  water  had 
been  before  charged  in  the  bottle,  when  the  refult  rvas 
precifely  the  fame.  He  alfo  proved  In  other  w^ays  that 
the  electric  fire  refided  in  the  glafs.  See  Franklin’S' 
Letters  and  Obfervations,  &c.  Alfo  Prieftley’s  Hilt,  * 
of  EicClricity,  vol.  i,  pa.  191,  &c. 

From  this  account  of  Dr.  Franklin’s  method  of  ana- 
lyzing the  Leyden  phial,  the  manner  of  charging  and 
difeharging  it,  with  the  reafon  of  the  procefs,  are  eafily 
underftood.  Thus,  placing  a coated  phial  near  the  prime 
conductor,  fo  that  the  knob  of  its  wire  may  be  in  con- 
taCt  v/ith  it  ; then  upon  turning  the  winch  of  the 
machine,  the  index  of  the  electrometer,  E,  fixed  to  the 
conductor,  will  gradually  rife  as  far  as  90°  nearly,  and 
there  reft  ; which  fliew's  that  the  phial  has  received  its 
full  charge  : then  holding  the  difeharger  by  its  glafs' 
handle,  and  applying  one  of  its  knobs  to  the  outfide 
coating  of  the  phial,  the  other  being  brought  near  the 
knob  of  the  wire,  or  near  the  prime  conductor  vvhicli 
cpmmunicates  wuth  it,  a report  wdll  be  heard,  and  lu- 
minous fparks  wall  be  feen  between  the  difeharger  and 
the  conducting  fubftances  communicating  wuth  the  Tides 
of  the  phial  ; and  by  this  operation  the  phial  will  be 
difeharged.  But,  inftead  of  ufing  the  difeharger,  if  a 
perfon  touch  the  outfide  of  the  phial  with  one  hand, 
and  bring  the  other  hand  near  the  wire  of  the  phial, 
the  fame  fpark  and  report  will  take  place,  and  a fiiock 
will  be  felt,  affecting  the  wrifts  and  elbows,  and  the 
■ breaft  too  when  the  ftiock  is  ftrong : a fhock  may  alfo 
be  given  to  any  fingle  part  of  the  body,  if  that  part 
alone  be  brought  into  the  circuit.  If  a number  of 
perfons  join  hands,  and  the  firft  of  them  touch  the  out- 
fide of  the  phial,  while  the  laft  touches  the  wire  com- 
municating with  the  infide,  they  will  all  feel  the  fiiock 
at  the  fame  time.  If  the  coated  phial  be  held  by  the 
Vv'irc,  and  the  outfide  coating  be  prefented  to  the  prime 
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conductor,  it  will  be  charged  as  readily  ; but  only  with 
this  difference,  tha-t  in  this  cafe  the  outfide  will  be  pofi" 
tb/e,  and  the  inlide  negative  ; alfo  if  the  prime  con- 
dudfor,  by  being  connedfed  with  the  rubber  of  the  ma- 
chine, be  eledtrified  negatively,  the  phial  will  be  charged 
in  the  fame  manner  ; but  the  fide  that  touches  the  con- 
dudfor  will  be  eledtrified  negatively,  and  the  oppofite 
fide  will  be  eledtrified  pofitively.  But,  by  infulating 
the  phial,  and  repeating  the  fame  procefs,  the  index  of 
the  eledlrometer  will  foon  rife  to  90°,  yet  the  phial  will 
remain  uncharged;  becaufe  the  outfide,  having  no  com- 
munication with  the  earth,  dec,  cannot  part  with  its 
own  eledtricity,  and  therefore  tiie  infide  cannot  acquire 
an  additional  quantity  : but  when  a chain,  or  any  other 
condudtor,  connedts  the  outfide  of  the  phial  with  the 
table,  the  phial  may  be  charged  as  before.  Moreover, 
if  a phial  be  infulatcd,  and  one  fide  of  it,  inflead  of 
being  connedfed  with  the  earth,  be  connedted  with  the 
infulated  rubber,  whillt  the  other  fide  communicates 
with  the  prime  condudtor,  the  phial  will  be  expedi- 
tioufly  charged  ; becaufe  that  wliilit  the  rubber  ex- 
haufts  one  fide,  the  other  fide  is  fupplied  by  the  prime 
condudtor^  and  thus  the  phial  is  charged  with  its  own 
eledtricity  ; or  the  natural  eledtric  matter  of  one  of  its 
fides  is  thus  thrown  upon  the  other  fide.  This  lafl  ex- 
periment may  be  diverfified  by  infulating  the  phial,  and 
placing  it  with  its  wire  at  the  dlftance  of  about  half  an 
inch  from  the  prime  condudtor,  and  holding  the  knob 
of  another  wire  at  the  fame  dlltance  from  its  outfide 
coating  ; then,  upon  turning  the  machine,  a fpark  will 
be  obferved  to  proceed  from  the  prime  condudtor  to 
the  wire  of  the  phial,  and  another  fpark  will  pafs  at  the 
fame  time  from  the  outfide  coating  to  the  knob  of  the 
wire  prefented  towards  it ; and  thus  it  appears  that  as  a 
quantity  of  the  eledtric  matter  is  entering  the  infide  of 
the  phial,  an  equal  quantity  of  it  is  leaving  the  outfide. 
If  the  wire  prefented  to  the  outfide  of  the  phial  be 
pointed,  it  will  be  feeii  illuminated  with  a liar  ; but  if 
tlie  pointed  wire  be  connedled  with  the  coating  of  the 
phial,  it  will  appear  illuminated  with  a brufii  of  rays. 
See  Charge^  JEhdrical  Shocks  Experiments^ 

Mr.  Cavallo  has  deferibed  the  conftrudiion  of  a phial 
which,  being  charged  by  an  electrical  kite,  in  examin- 
ing the  Hate  of  the  clouds,  or  in  any  other  wav,  may  be 
put  into  the  pocket,  and  which  will  retain  Its  charge  for 
a confiderable  time.  A phial  of  this  kind  has  been 
kept  In  a charged  fiate  for  fix  weeks.  See  his  Eledtricity, 
pa.  340.  Many  other  curious  experiments  with  the 
Leyden  phial  may  be  feen  in  the  books  above  cited,  as 
alfo  in  the  volumes  of  the  Philof.  Tranf.  and  elfewherc. 
In  this  lafi-mentioned  work,  Mr.  Cavallo  deferibes  a 
method  of  repairing  coated  phials  that  have  cracked 
by  any  means.  He  firil  removes  the  outfide  coating 
from  the  fradtured  part,  and  then  makes  it  moderately 
hot,  by  holding  it  to  the  flame  of  a candle  ; and  whillt 
it  remains  hot,  he  applies  burning  fcallng-wax  to  the 
part,  fo  as  to  cover  the  fradlure  entirely  ; obferving  that 
the  thicknefs  of  this  wax  coating  may  be  greater  tlian 
that  of  the  glafs.  Laftly,  he  covers  all  the  fealing- 
wax,  and  alfo  part  of  the  furface  of  the  glafs  beyond  it, 
with  a compofition  made  with  four  parts  of  bees-wax, 
one  of  refin,  one  of  turpentine,  and  a very  little  oil  of 
olives  ; this  being  fpread  upon  a piece  of  oiled  filk,  he 
applies  it  in  the  manner  of  a plalter.  In  this  way  feve- 
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ral  phials  have  been  fo  effedlually  repaired,  that  after 
being  frequently  charged,  they  were  at  lafl;  broken  by 
a fpontaneous  difeharge,  but  in  a different  part  of  the 
glafs.  Philof.  Tranf,_vol.  68,  pa.  loii. 

LIBRA,  Balance,  one  of  the  mechanical  powers. 
See  Balancf. 

Libra  is  alfo  one  of  the  48  old  conflellations,  and 
the  7th  fign  of  the  zodiac,  being  oppofite  to  Aries,  and 
marked  like  a part  of  a pair  of  fcales,  thus  The 
figure  of  the  balance  was  probably  given  to  this  part  of 
the  ecliptic,  becaufe  wEen  the  fun  arrives  at  this  part, 
which  Is  at  the  time  of  the  autumnal  equinox,  the  days 
and  nights  are  equal,  as  if  weighed  in  a balance. 

The  liars  In  this  coiillellatlon  are,  according  to  Pto- 
lomy  17,  Tycho  ic,  Hevellus  20,  and  Flamfleed  51. 

Libra  alfo  denotes  the  ancient  Roman  pound,  which 
was  divided  into  12  uncise,  or  ounces,  and  the  ounce  into 
24  fcruples.  It  feems  the  mean  weight  of  the  fcruple 
was  nearly  equal  to  17^  grains  Troy,  and  confequently 
the  libra,  or  pound,  3040  grains.  It  was  alfo  the  name 
of  a gold  coin,  equal  in  value  to  20  denarii.  See  Philof. 
Tranf.  vol.  61,  pa.  462. 

The  French  1 ivre  is  derived  from  the  Roman  libra, 
this  being  uled  in  France  for  the  proportions  of  their 
coin  till  about  the  year  1 100,  their  fols  being  fo  pro- 
portioned as  that  20  of  them  were  equal  to  the  libra. 
By  degrees  it  became  a term  of  account,  and  every 
thing  of  the  value  of  20  fols  was  called  a Hvre. 

LiBRATlON,  of  the  Moon,  is  an  apparent  irregu- 
larity In  her  motion,  by  which  Ihe  feems  .to  librate,  or 
waver,  about  her  own  axis,  one  while  towards  the  call, 
and  again  another  while  towards  the  weft.  See  Moon, 
and  Evection.  Hence  it  is  that  fome  parts  near  the 
m.oon’s  wellcrn  edge  at  one  time  recede  from  the  cen- 
tre of  the  dife,  while  thofe  on  the  other  or  eaftern  fide 
approach  nearer  to  ir. ; and,  on  the  contrary,  at  ano- 
ther time  the  weftern  parts  are  feen  to  be  nearer  the 
centre,  and  the  eaftern  parts  farther  from  It : by  which 
means  it  happens  that  fome  of  thofe  parts,  which  were 
before  vifible,  fet  and  hide  themfelves  in  the  hinder  or 
invifible  fide  of  the  moon,  and  afterwards  return  and  ap- 
pear again  on  the  nearer  or  vifible  fide. 

This  Libratlon  of  the  moon  was  firft  difeovered 
by  Hevelius,  in  the  year  1654;  and  it  Is  owing  to 
her  equable  rotation  round  her  own  axis,  once  in  a- 
month,  in  coujundion  with  her  unequal  motion  in  the 
perimeter  of  her  orbit  round  the  earth.  For  if  the 
moon  moved  In  a circle,  having  its  centre  coinciding 
with  the  centre  of  the  earth,  whilft  it  turned  on  Its  axis 
in  the  precife  time  of  Its  period  round  the  earth,  then 
the  plane  of  the  fame  lunar  meridian  would  always  pafs 
through  the  eaith,  and  the  fame  face  of  the  moon 
would  be  conflantly  and  exadly  tinned  tow^ards  us» 
But!  ince  the  real  motion  of  the  moon  Is  about  a point 
confiderably  diftant  from  the  centre  of  the  earth,  that 
motion  Is  very  unequal,  as  feen  from  the  earth,  the 
plane  of  no  one  meridian  conftantly  pafting  through 
the  earth. 

The  Libratlon  of  the  moon  Is  of  three  kinds. 

ill.  Her  libratlon  In  longitude,  or  a feeming  to-and- 
again  motion  according  to  the  order  of  the  figns  of  trie 
zodiac.  This  libratlon  Is  nothing  twice  in  each  pe- 
riodical month,  viz,  when  the  moon  Is  in  her  apogeimi, 
and  when  in  he'r  perigeiim  \ for  in  both  thefe  cafes  the 
E plane 
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plane  of  her  mendian,  which  is  turned  towards  us,  is  di- 
ledted  alike  towards  the  earth. 

2d,  Her  libration  in  latitude;  which  avifes  from 
hence,  that  her  axis  not  being  perpendicular  to  the 
plane  of  her  orbit,  but  inclined  to  it,  lonietimes  one  of 
her  poles,  and  fometimes  the  other  will  nod,  as  it  were, 
o?  dip  a little  towards  the  earth,  and  confequently  (he 
will  appear  to  llbrate  a little,  and  to  ftew  fometimes 
more  of  her  fpots,  and  fometimes  le-fs  of  them,  towards 
each  pole.  ? Which  libration,  depending  on  the  pofition 
of  the  moon,  in  rcipe<3:  to  the  nodes  of  her  orbit,  and 
her  axis  being  nearly  perpendicular  to  the  plane  of  the 
ecliutic,  is  very  properly  faid  to  be  in  latitude.  And 
this^  alfo  is  completed  in  the  fpace  of  the  moon’s 
periodical  nionth,  or  rather  while  the  moon  is  returning 
again  to  the  fame  pofition,  in  refpedf  of  her  nodes. 

3d,  There  is  aifo  a third  kind  of  libration  ; by  which, 
it  happens  that  although  another  part  of  the  moon  be 
not  really  turned  to  the  earth,  as  in  the  former  libra- 
tion, yet  another  is  illuminated  by  the  fun.  Forfince 
the  moon’s  axis  is  nearly  perpendicular  to  the  plane  of 
the  ecliptic,  when  (lie  is  mod  foutheriy,  in  refpedl  of 
the  north  pole  of  the  ecliptic,  fome  parts  near  to  it  will 
be  illuminated  by  the  fun;  wtiile,  on  the  contrary,  the 
fouth  pole  will  be  in  darknefs.  In  this  cafe,  therefore, 
if  the  fun  be  in  the  fame  line  with  the  moon’s  foiitherii 
limit,  then,  as  (lie  proceeds  from  conjundnion  with  the 
fun  towards  her  afeending  node,  (lie  will  appear  to  dip 
her  northern  polar  parts  a little  into  the  dark  hemi- 
fphere,  and  to  raife  her  fouthern  polar  parts  as  much 
into  the  light  one.  And  the  contrary  to  this  will  hap- 
|>en  two  weeks  after,  while  the  new  moon  is  defeend- 
ing  from  her  northern  limit ; for  then  her  northern  po- 
lar parts  will  appear  to  emerge  out  of  darknefs,  and 
the  fouthern  polar  parts  to  dip  into  it.  And  this  feern- 
ing  libration,  or  rather  thefe  efFeds  of  the  former  li- 
feration  in  latitude,  depending  on  the  light  of  the  fun, 
will  be  completed  in  the  moon’s  fynodical  month. 
Greg.  Aftron.  lib.  4,  fed.  10. 

Libration  of  ike  Earthy  is  a term  applied  by  fome 
adronomers  to  tliat  motion,  by  which  the  earth  is  fo 
retained  in  its  orbit,  as  that  its  axis  continues  conftantly 
■parallel  to  the  axis  of  the  world. 

This  Copernicus  calls  the  motion  of  lihration,  which 
may  be  thus  illullrated  : Suppofe  a globe,  with  its-  axis 
parallel  to  that  of  the  earth,  painted  on  the  dag  of  a 
mad,  moveable  on  its  axis,  and  conftantly  driven  by  an 
eaft  wind,  while  it  fails  round  an  illand,  it  is  evident 
that  the  painted  globe  vcill  be  fo  librated,  as  that  its 
axis  will  be  parallel  to  that^of  the  world,  in  every  fitua- 
tion  of  the  fliip. 

LIFF-.'A».NNUITIES,  are  fuch  periodical  payments 
as  depend  on  the  continuance  of  fotne  particular  life  or 
lives.  They  may  be  didinguifted  into  Annuities  that 
commence  immediately,  and  fuch  as  commence  at  fome 
future  period,  Called  ren:erJionary  life- annuities , 

The  value,  or  'prefent  w^orth,  of  an  annuity  for  any 
propofed  life  or  lives,  it  k evident,  depends  on  two  cir- 


cumdan'ces,  the  ihtereft  of  money,  and  the  chance  of 
expectation  of  the  continuance  of  life.  Lpon  the  for- 
mer only,  it  has  been  (liewn^  under  the  article  ANNU-r- 
Tir  s,  depends  the  value  or  pr'efent  worth  of  an  annuity 
certain,  or  that  is  liot  ftibje61:  to  the  continuance  of  a 
life,  or  Other  contingeircy  ; but  the  expedfation  of  life 
being  a thing  not  certain,  but  only  poffeffing  a certain 
chance,  it  Is  evident  that  the  value  of  the  certain  annuity,., 
as  dated  above^  mud  be  diminifned  in  proportion  as  the 
expedfancy  is  below  certainly  : thus,  if  the  prefent 
value  of  an  annuity’certain  be  any  dim,  as  fuppofe  looL 
and  the  value  or  expedlancy  of  the  life  be  then  the 
value  of  the  life-annuity  will  be  only  half  of  the  for- 
mer, or  50I ; and  if  the  value  of  the  life  be  only  the 
value  of  the  life-annuity  will  be  but  f of  lool,  that 
18331.  6s.  8d;  andfoon. 

The  meafure  of  the  value  or  expedlancy  of  life,  de- 
pends on  the  proportion  of  the  number  of  perfons  that 
die, out  of  a given  number,  in  the  time  propofed  ; thus, 
if  perfons  die,  out  of  100,  in  any  propofed  time, 
then,  half  the  number  only  remaining  alive,  any  one 
perfon  has  an  equal  chance  to  live  or  die  in  that  time, 
or  the  value  of  his  life  for  that  time  is  4;  ; hut  if  f of 
the  number  die  in  the  time  propofed,  or  only  j remain 
alive,  then  the  value  of  any  one’s  life  is  ; and  if  | of 
the  number  die,  or  only  f remain  alive,  then  the  value 
of  any  life  is  but  ^ ; and  fo  on.  In  thefe  proportions 
then  mud  the  value  of  the  annuity  certain  be  dim!- 
nidied,  to  give  the  value  of  the  like  life  annuity. 

It  is  plain  therefore  that,  in  this  bufinefs,  it  is  necef- 
fary  to  know  the  value  of  life  at  ail  the  different  ages, 
from  fome  table  of  obfervations  on  the  mortality  of 
mankind,  which  may  diew  the  proportion' of  the  per- 
fons living,  out  of  a given  number,  at  the  end  of  any 
propofed  time  ; or  from  fome  certain  hypothefis,  or  af* 
fumed  principle.  Now  various  tables  and  bypothefes 
of  this  fort  were  given  by  the  writers  on  this  fubjeffg 
as  Dr.  Halley,  Mr.  Demoivre,  Mr.  Thomas  Simpfon^ 
Mr.  Dodfon,  Mr.  Kerfleboom,  Mr.  Parcieux,  Dr.  Price, 
Mr.  Morgan,  Mr.  Baron  Maferes,  and  many  others. 
But  the  fame  table  of  probabilities  of  life  will  not  fuit 
all  places  ; for  long  experience  has  fhewn  that  all  places 
are  not  equally  healthy,  or  that  the  proportion  of  the 
number  of  perfons  that  die  annually,  is  difl'erent  for  dif- 
ferent places.  Dr.  Halley  computed  a table  of  the 
annual  deaths  as  drawn  from  the  bills  of  mortality  of 
the  city  of  Breflaw  in  Germany,  Mr.  Smart  and  Mr. 
Simplon  from  thofe  of  London,  Dr.  Price  from  thofe 
of  Northam.pton,  Mr.  Kerfleboom  from  thofe  of  the 
provinces  of  Holland  and  'VVeft-Frlefland,  and  M.  b^ar- 
cieux  from  the  lids  of  the  French  tontines,  or  long  an- 
nuities, and  all  thefe  are  found  to  differ  from  one  ano- 
ther. It  may  not  therefore  be  improper  to  inlert  here 
a comparative  view  of  the  princrpal  tables  that  have 
been  given  of  this  kind,  as  below,  where  the  di  d co- 
lumn fliews  the  age,  and  the  other  columns  the  number 
of  perfons  living  at  that  age,  out  of  1000  born,  or  o£ 
the  age  o,  in  the  fird  line  of  each  column. 
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TABLE  I. 

1 ' 

Shewing  the  Number  of  Perfons  IPj'ing  at  all  Jfges^  out  of  looo  that  had  bec7i  Lorn  at  fen^eral 

Places^  ujIz. 


Ages. 

Vienna. 

Berlin. 

London,. 

Norwich. 

Norfch- 

ampton. 

Breflaw. 

Branden. 

burg. 

Holy. 

Crofs. 

Holland. 

J fra  nee. 

1 Vaud, 

' Switzer- 
land. 

o 

1000 

■ 

JOOO 

JOOO 

1000 

1 

ICOO 

1000 

1000 

1000 

1000 

1000 

1000 

I 

542 

633 

680 

798 

738 

769 

775 

882 

804 

805 

8 1 1 

2 

471 

528 

548 

65  I 

628 

658 

7 1 8 

562 

768 

777 

765 

3 

430 

‘ 4S5 

492 

595 

585 

614 

687 

7*7 

73^ 

750 

735 

4 

400 

434 

452 

S66 

562 

5^5 

664 

682 

709 

727 

7*5 

5 

377 

403 

426 

544 

544 

5^'3 

642 

659 

689 

7 1 1 

701 

6 

357 

387 

410 

526 

530 

54t> 

' 622 

636 

676 

697 

688 

i 

344 

37^ 

397 

5** 

518 

532 

607 

618 

664 

686 

C77 

8 

337 

367 

38S 

300 

5 *0 

523 

595 

604 

6)2 

676 

667 

9 

331 

361 

380 

490 

504 

5*5 

585 

595 

646 

667 

659 

lo 

326 

356 

373 

48 1 

498 

708 

577 

589 

639 

660 

653 

1 1 

322 

3 53 

3 ^>7 

474 

493 

502 

570 

58s 

633 

654 

648 

12 

318 

350 

36. 

469 

488 

497 

564 

58. 

627 

649 

643 

n 

314 

347 

464 

484 

492 

5 59 

577 

62 1 

6h 

639 

14 

310 

344 

351 

460 

480 

488 

5 54 

573 

616 

639 

63? 

15 

306 

34* 

347 

45  5 

475 

4S3 

549 

569 

61 1 

635 

631 

16 

302 

338 

343 

45* 

470 

479 

544 

5*^5 

606 

631 

626 

17 

299 

335 

33*^ 

446 

465 

474 

539 

560 

601 

626 

622 

18 

295 

332 

334 

442 

459 

470 

535 

555 

596 

62  I 

618 

'9 

29 1 

328 

3-9 

437 

45  3 

465 

53* 

550 

590 

616 

614 

20 

287 

324 

325 

432 

447 

46 1 

527 

545 

584 

610 

610 

2 1 

284 

320 

321 

426 

440 

456 

522 

539 

557 

604 

606 

22 

280 

3*5 

316 

421 

433 

45* 

5*7 

532 

598 

602 

23 

276 

310 

310 

4*5 

426 

446 

512 

525 

566 

592 

597 

24 

273 

305 

305 

409 

4*9 

44* 

507 

518 

559 

586 

592 

269 

297 

299 

404 

41 2 

436 

502 

5*2 

55* 

580 

587 

26 

263 

293 

294 

398 

407 

43* 

498 

506 

543 

574 

582 

27 

261 

287 

4 

288 

392 

398 

426 

495 

501 

535 

568 

577 

28 

256 

281 

283 

3«5 

39* 

421 

492 

496 

526 

562 

572 

29 

251 

^75 

:yS 

378 

3«4 

4*5 

489 

49* 

5*7 

556 

567 

30 

H7 

269 

272 

372 

3^8 

409 

486 

486 

508 

550 

5^3 

31 

^43 

264 

266 

366 

372 

4^3 

482 

48  j 

499 

544 

55S 

32 

239 

259 

2'  0 

561 

366 

397 

477  . 

476 

490 

438 

5 53 

33 

235 

254 

254 

355 

360 

39* 

4-2 

47* 

482 

532 

548 

34 

^31 

249 

248 

350 

354 

384 

467 

466 

474 

526 

544  ■ 

35 

226 

243 

242 

344 

348 

377 

462 

460 

467 

520 

539 

36 

221 

237 

236 

35® 

342 

370 

456 

454 

460 

5*4 

533 

37 

2 16 

230 

230 

333 

336 

363 

450 

447 

453 

508 

5-27 

38 

2 1 I 

223 

224 

327 

330 

35^ 

444 

440 

446 

5°3 

520 

39 

203 

216 

2j8 

322 

324 

349 

438 

433 

439 

497 

5*3 

40 

199 

209 

214 

3*7 

3*7 

342 

432 

426 

432 

492 

506 

41 

194 

203 

207 

3** 

310 

335 

427 

418 

425 

487 

500 

42 

1 89 

197 

201 

306 

3°3 

328 

422 

410 

4*9 

482 

494 

43 

183 

1 92 

*94 

3C0 

296 

321 

4*7 

401 

4*3 

476 

488 

44 

181 

187 

187 

294 

289 

3*4 

412 

393 

407 

47* 

482 

45 

1 76  . 

182 

1 80 

287 

282 

307 

407 

386 

400 

466 

476 

46 

171 

*77 

174 

281 

275 

299 

400 

379 

393 

460 

469 

47 

165 

172 

1 67 

274 

268 

291 

394 

372 

386 

455 

461  • 

48 

159 

167 

*59 

268 

261 

283 

388 

365 

378 

449 

45*  , 

49 

^53 

162 

*53 

261 

254 

^75 

381 

359 

37<5 

443 

441 

50 

147 

*57  ■ 

*47 

255 

247 

267 

374 

353 

362 

436 

43* 

51 

1 42 

152 

141 

248 

239 

^59 

367 

347 

354 

429 

42  2 

52 

137 

*47 

*35 

242 

232 

230 

359 

340 

345 

422 

414 

53 

*33 

142 

130 

235 

225 

241 

35* 

333 

33<5 

4*4 

406 
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Ages. 

Vienna. 

Berlin. 

London, 

Norwich. 

North- 

annpton. 

Breflaw, 

Branden- 

burg. 

Holy- 

Crofs, 

Holland. 

France. 

Vaud, 

Switzer- 

land. 

54 

CO 

137 

125 

CO 

1 ^ 

1 ' 

2 18 

‘232 

343 

326 

327 

406 

397 

55 

123 

132 

120 

2 2 1 

2 I I 

224 

334 

318 

318 

397 

388 

S6 

II7 

127 

I 16 

213 

204 

2 J 6 

3H 

310 

309 

388 

377 

57 

III 

I 2 1 

III 

■ 206 

197 

209 

3H 

301 

300 

379 

3^4 

58 

106 

US 

106 

199 

190 

201 

304 

292 

29  I 

369 

348 

59 

lOl 

109 

lOl 

19I 

183 

193 

293 

283 

282 

359 

331 

60 

96 

91 

103 

96 

184 

176 

186 

282 

273 

273 

349 

3H 

61 

97 

92 

177 

169 

178 

271 

263 

264 

339 

299 

62 

87 

92 

87 

1 69 

I 62 

1 70 

260 

253 

255 

329 

286 

82 

88 

83 

161 

15s 

163 

248 

243 

245 

318 

274 

64 

77 

84 

^8 

^ 53 

148 

H5 

236 

233 

235 

3^7 

262 

6s 

72 

80 

74 

144 

J41 

147 

224 

223 

223 

296 

250 

66 

67 

75 

70 

136 

134 

140 

213 

213 

215 

283 

236 

67 

62 

70 

65 

128 

127 

132 

202 

203 

205 

273 

220 

68 

57 

65 

61 

119 

I 20 

124 

190 

193 

195 

260 

202 

69 

52 

60 

56 

1 1 1 

II3 

117 

^ 178 

182 

185 

246 

184 

70 

48 

55 

52 

103 

106 

109 

166 

171 

17s 

232 

168 

71 

44 

5i 

47 

94 

99 

101 

153 

161 

165 

2 1 8' 

15.3 

72 

40 

47 

43 

86 

92 

93 

138 

151 

155 

J95 

140 

73 

2^ 

43 

39 

79 

85 

85 

122 

142 

145 

188 

129 

74 

33 

39 

35 

71 

78 

77 

107 

i34 

13s 

173 

119 

75 

30 

35 

32 

64 

71 

69 

93 

126 

1.25 

158 

109 

76 

27 

3^ 

28 

57 

64 

61 

80 

119 

II4 

1 44 

98 

77 

24 

29 

25 

58 

53 

68 

112 

103 

129 

85 

78 

2 i 

26 

22 

43 

' 52 

45 

59 

105 

92 

US 

7^ 

79 

iR 

23 

^9 

37 

46 

38 

5^ 

98 

82 

102 

S8 

80 

16 

20 

17 

. 32. 

40 

32 

44 

90 

72 

88 

46 

81 

H 

18 

H 

27 

34 

26 

38, 

81 

62 

75 

36 

82 

12 

16 

12 

23 

28 

22 

32 

7« 

53 

63 

29 

83 

10 

14 

10 

19 

23 

18 

25 

61 

45 

53 

24 

84 

8 

1 2 

8 

16 

19 

15 

2 1 

5^ 

38 

44 

20 

85 

7 

10 

7 

13 

16 

12 

15 

41 

3^ 

3^ 

17 

86 

6 

8 

6 

10 

13 

9 

1 1 

32 

25 

28 

14 

87 

5 

7 

5 

8 

1 1 

6 

8 

24 

19 

21 

1 I 

88 

4 

6 

■ 4 

6 

8 

4 

6 

17 

14 

16 

9 

89 

3 

5 

3 

5 

6 

2 

4 

1 1 

10 

12 

7 

90 

2 

4 

2 

4 

4 

1 

3 

7 

7 

8 

5 

Tliefe  tables  fliew  that  the  mortality  and  chance  of 
life  are  very  various  in  different  places  ; and  that  there- 
fore, to  obtain  a fufficient  accuracy  in  this  bufinefs,  it 
is  neceffary  to  adapt  a table  of  probabilities  or  chances 
of  life,  to  every  place  for  which  annuities  are  to  be 
calculated  ; or  at  leall  one  fet  of  tables  for  large  towns, 
and  another  for  country  places,  as  well  as  for  the  fup- 
pofition  of  different  rates  of  intereft. 

Several  of  the  foregoing  tables,  as  they  commenced 
with  numbers  different  from  one  another,  are  here 
reduced  to  the  fame  number  at  the  beginning,  viz,  looo 
perfons,  by  which  means  we  are  enabled  by  infpedlion, 
at  any  age,  to  compare  the  numbers  together,  and  im- 
mediately perceive  the  relative  degrees  of  vitality  at  the 
feveral  places.  The  tables  are  alfo  arranged  according 
to  the  degree  of  vitality  amongfl  them  ; the  leaft,  or 
that  at  Vienna,  firfl ; and  the  reft  in  their  order,  to 
the  higheft,  which  is  the  province  of  Vaud  in  Swit- 
iserland.  The  authorities  upon  which  thefe  tables  de- 


pend, are  as  they  here  follow.  The  ftrft,  taken  from  Dr* 
Price’s  Obfervations  on  Reverfionary  payments,  is  form  - 
ed  from  the  bills  at  Vienna,  for  f?  years,  as  given  by 
Mr.  Sufmilch,  in  his  GottUche  Ordnung  ; the  2d,  for 
Berlin,  from  the  fame,  as  formed  from  the  bIHs  there 
for  4 years,  viz,  from  1752  to  1755;  the  3d,  from  Dr* 
Price,  fhewing  the  true  probabilities  of  life  in  London, 
formed  from  the  bills  for  ten  years,  viz,  from  1759  to 
1 768  ; the  4th,  for  Norwich,  formed  by  Dr.  Price  from 
the  bills  for  30  years,  viz,  from  1740  to  1769;  the 
5th,  by  the  fame,  from  the  bills  for  Northampton  ; 
the  6th,  as  deduced  by  Dr.  Halley,  from  the  bills  of 
mortality  at  Breflaw ; the  7th  fliews  the  probabilities 
of  life  in  a country  parlfh  in  Brandenburg,  formed 
from  the  bills  for  50  years,  from  1710  to  17  ^9,  as 
given  by  Mr.  Sufmilch ; the  8th  ftiews  the  probabilities 
of  life  in  the  parifh  of  Holy-Crofs,  near  Shrewfhury, 
formed  from  a regift er  kept  by  the  Rev.  Mr.  Garfuch, 
for  20  years,  from  1750  to  1770  j the  9th,  far 

Holland^ 
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HoHaud,  was  formed  by  M.  Kerfreboom,  from  the  re- 
gifters  of  ct^rtain  annuities  for  lives  granted  by  the  go- 
vernment of  Holland,  which  had  been  kept  there  for 
125  years,  in  which  the  ages  of  the  feveral  annuitants 
dying  during  that  period  had  been  truly  entered  ; the 
loth,  for  France,  were  formed  by  M.  Parcieux,  from 
the  lifts  of  the  French  tontines,  or  long  annuities,  and 
verified  by  a comparifon  with  the  mortuary  regifters  of 
feveral  religious  houfes  for  both  fexes  ; and  the  i ith, 
or  laft,  for  the  diftricl  of  Vaud  in  Switzerland,  was 


formed  by  Dr.  Price  from  the  regifters  of  43  parities  , 
given  by  M,  Muret,  in  the  Bern  MernoirS'for  the  year 
I 766. 

Now  from  fuch  lifts  as  the  foregoing,  various  tables 
have  been  foraied  iv)r  the  valuation  of  annuities  on  lia- 
gle  and  joint  lives,  at  feveral  rates  of  intereft,  in  which 
the  value  is  (hewn  by  infpeifion.  The  following  are. 
thofe  that  are  given  byMr.  Bimpfon,  in  his  Sele6f  fixer- 
dies,  as  deduced  from  the  London  biiis  of  mortality. 


TABLE  11. 

She'iuin^  the  Value  of  an  Ahmhty  on  One  Ltfe^  or  Number  of  Tears  Annuity  in  the  Value,  fuppofing  Money  t^ 

bear  Intereft  at  the  federal  Rates  of  and  ^ per  cent. 


Age. 

Y ears 
value  at 

3 per  cent. 

Y ears 
value  at 

4 per  cent. 

Y'^ears 
value  at 

5 per  cent. 

> 

Age. 

Y ears 
value  at 

3 per  cent. 

Years 
value  at 

4 per  cent. 

Y ears 
value  at 

S per  cent. 

6 

18*8 

16*2 

14- 1 

41 

13-0 

II ’4 

10*2 

7 

iB  * 9 

16-3 

14  • 2 

42 

12*8 

1 1 ‘ 2 

lO’  I 

8 

19*0 

16  *4 

i4’3 

43 

12*6 

1 1 • I 

JO  • 0 

9 

19*0 

16*4 

14*3 

44 

I2’5 

1 1 • 0 

9*9 

10 

19*0 

16  • 4 

U-3 

4S 

12*3 

10  • 8 

9 • 8 

1 1 

19*0 

16-4 

I4’3 

46 

12*1 

lo  • 7 

9*7 

1 2 

18-9 

16  • 3 

14-2 

47 

11*9 

10  • 5 

9*5 

18*7 

16  • 2 

14  • r 

48 

11*8 

10  *4 

9*4 

18  • 3 

1 6 • 0 

14*0 

49 

11*6 

10*2 

9*3 

18-3 

15-8 

13-9 

50 

ii’4 

10*1 

9 • 2 

16 

18  ' I 

15*6 

13*7 

5^ 

11*2 

9*9 

9 * 0 

17 

.T7  *9 

15-4 

13-5 

52 

I I • 0 

9 • 8 

8 • 9 

18 

17-6 

1 5 • 2 

13*4 

53 

10  • 7 

9 • 6 

8 • 8 

19 

17  *4 

15*0 

13*2 

54 

10*3 

9*4 

8-6 

20 

17*2 

14*8 

13*0 

55 

10  • 3 

9*3 

8’5 

2 I 

17-0 

H'7 

12*9 

56 

10  • I 

9*  i 

8 • 4 

22  - 

i6-8 

U-5 

12  • 7 

57 

9*9 

8*9 

8-2 

23 

1 6 • c 

H'3 

12*6 

58 

9-6 

8-7 

8-  I. 

24 

i6*  3 

14*  I 

12  *4 

59 

9’ 4 

8*6 

8-0 

25 

16  • I 

14*0 

12*3 

60 

9 • 2 

8'4 

7*9- 

26 

15*9 

13-8 

12'  1 

6i 

8 • 9 

8 * 2 

7*7 

27 

13*6 

13-6 

12*0 

62 

8 • 7 

8‘  I 

7 -6 

28 

IS  *4 

13*4 

11*8 

63 

7*9 

7 '4  , 

29 

15*2 

13-2 

II  •; 

64 

8*3 

7’  7 

7*3 

30 

15*0 

13-  I 

11*6 

65 

8 ‘o 

7*5 

7*  1 

3* 

14  • 8 

12*9 

1 1 • 4 

66 

7 • 8 

7*3 

6 * 9 

32 

i4‘6 

1 2 ♦ 7 

11*3 

67 

7 ' 6 

7*1 

6 • 7 

33 

14-4 

1 2 • «S 

11*2 

68 

7*4 

6 • 9 

6-6 

34 

14*2 

12*4 

I I * 0 

69 

7’  I 

6'7 

6*4 

14*1 

12-3  ' 

10  • 9 

70 

6 • 9 

6-5 

6 * 2 

36 

13-9 

1 2 • I 

10*8 

7‘ 

6 • 7 

6*3 

6 • 0 

37 

13  *7 

11*9 

10*6 

72 

6 * 3 

6*  1 

5*8 

38 

i3'5 

1 1 • 8 

1 O’  3 

73 

6 • 2 

5 *9 

5 * ^ 

39 

L3-3 

1 1 • 6 

10  ’4 

74 

5*9 

5 • 6' 

5'4 

40 

13-2 

11*5 

10*3 

75 

5*f^ 

5*4 

5-2 
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TABLE  III. 

Sinuh"  the  Value  of  an  Aanuityfcr  Two  Jo'ml  Lives,  that  is,  for  as  lott^  as  they  exjjl  together. 


TABLE 
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r'  ABLE  IK 

Ear  the  Value  of  an  Annuity  upon  'he  Longer  of  Lnuo  Given  Lives* 


Age  of 

Youngei 

Ago  ot 

Eidei’ 

V aiue  iit 

j per  cent. 

1 Value  ac 

J 4 per  cent. 

v alue  at 

5 per  cent. 

Age  of 
Yotiage 

Age  0 
r Elder 

f Value  at 

3 per  cent. 

Value  at 
' 4 per  cent. 

Value  at 

5 per  cent. 

10 

1 0 

20 

2. 

30 

3^' 

40 

45 

50 

55 

60 

65 

70 

75 

23*4 

22  ■ 9 

22  • 5 

22  • 2 
21-9 

2 r • 6 

2 1*4 

2 1*2 

20 ' 9 

20  • 7 

20  • 4 

20  • I 

19  • 8 
19-5 

19*9 

19' 5 
19*1 

18 -8 
iS-6 

18  • 4 • 
iS*3 

1 8 • 2 

18  • 0 
17*8 
17*6 
17-4 

I 7 • 2 

1 6 • 9 

I 7 • I 

16 -8 

1 6 • 6 

16  * 4 

16  • 2 

16  • [ 

1 6 • 0 

15  -9 

15  * 8 
15-7 

15  *5 

15  *3 

15  • I 

H-8 

30 

1 

1 

30 

35 

40 

45 

50 

5 5 
60 

65 

70 

75 

^9*3 

j8-8 

18-4 

18  • I 

17*8 

17*4 

17*0 

16 ' 6 

i'6  * I 

17*6 

i6-6' 
16  • 2 

15  *9 

15  • 6 

'4 

15  * I 

14  • 8 

^4*5 

14-1 

’3  *7 

14  *5 

14  * 2 

14  *0 

13  *8 

13  -6 

^3  *4 

13  *2 

12  *9 

12  *6 

I 2 • 2 

35 

35 

40 

45 

50 

55 

60 

65 

70 

75 

17*8 

?7’4 

17*1 

1 6 • 7 

16' 2 
15-8 

15*3 

14 ' 8 

I • 8 

^5  -4 
15*1 

14  • 8 

14*5 

14*2 

13  • 8 

13  *4 

13  'O 

13*8 

13  *5 

13  *3 

13  *1 
12*9 
12*7 

12  *4 

12  ‘ 0 

1 1 • 6 

15 

15 

20 

-5 

30 

35 

40 

45 

5'^ 

55 
■ 60 

65 

70 

75 

22*8 

22*3 

2 1*9 

2 1*6 
21*3 

2 1*1 

20  • 9 

20*  7 

20  • 4 

20  ' I 

19*8 

19-4 

18  • 9 

19*3 

18  • 9 
j8-6 

18-3 

18  • I 
17-9 
• 17-8 
17*6 
17-4 
17*2 

16 ' 9 

16  • 6 
16-3 

1 6 • 7 

16  • 4 

16  • 2 

16  ‘O 

15  '9 

15  ‘7 
15*6 

'5*4 

^5*3 
15*2  . 

13- 0 

14- 7 

M *4 

40 

40 

45 

5.0 

55 

60 

65 

70 

75 

»7  *3 
; j6-8 

1 6 • 2 
15-9 

^5*4 

14-9 

14*5 

14*0 

15*0 

14  • 6 

14  * 2 

13  *9 

13-5 

13*1 

1 2 ‘ 7 

12  *3 

13  ’3 

13  -O 

12  *7 

12  *4 

12  • I 
11*8 

II  *4 
11*0 

20 

I 

20 

^5 

30 

35 

40 

45 

5^ 

55 

60 

65 

70 

75 

21*6 

2 I • I 

20  • 7 

20*  4 

20  • I 

19*9 

196 

19  • 4 

19*1 

18-7 

1 8 • 2 
17-7 

18  • 3 

17  ’9 
17*6 
17-4 
17-2 
17*0 
i6*8 

1 6 • 6 
i5-3 

1 6 • 0 

15  • 7 

15-3 

15  -8 

^ 5 • 5 

15*3 

15-1 

I 3'  ‘O 

^4*9 

14*5 

14-3 

14*1 

13-8 

^3  *5 

45 

i 

45 

55 

60 

^5 

70 

75 

1 6 • 2 

15*7 

1^2 

14*7 

14*1 

13-6 

13*1 

14*2 

1 3 ' 8 

^3  *4 
12*9 
12*3 

I 2 ' 0 

I I • 6 

12*8 

12*5 

I 2 • I 
11*7 

TI  *4 
11*0 
10*6 

50 

50 

s 5 

60 

65 

70 

75 

iS'o 

J4*5 
*3  '9 

^3*3 

12*8 

12*7 

M '3 
12*9 

12  *4 

12  ‘O 

II  *5 
11*0 

J 2 • I 

11*7 

II  ‘3 

10  *9 

10  * 3 

10  • I 

25 

20 ' 3 

17*4 

I c • I 

55  ■ 

13-0 

12  -4 

11  *3 

3^ 

19*8 

1^*0 

J 

14*9 

60 

13*0 

11*9 

1C  • 9 

35 

19*4 

j6  • 7 

14*7 

55 

65 

12  • 4 

11*3 

10  * 3 

40 

19*2 

16  • 5 

14  *5 

L 

70 

11*8 

10  • 8 

IC  *0 

45 

18-9 

1 6 • 3 

1 4.  • 3 

- 

75 

1 1 • 3 

TO  *3 

9*5 

25 

5^ 

18*7 

16  • 1 

T J 

14-2 

60 

12*2 

1 i • 2 

10*3 

55 

1 8 *4 

15*9 

14*0 

60 

. 65 

J 1 • S 

10*6 

10*0 

60 

1 8 • 0 

15*6 

13-8 

70 

10*9 

lo  • I 

9 * 5 

65 

17-6 

^5‘3 

13*6 

'75 

ic  • 3 

9 * 5 

9 ' 0 

7c 

17 '2 

15-0  , 

13  *3 

- 

6^- 

lo  ■ 7 

10  -o 

Q * 4 

• 

75 

16  • 7 

14*6 

12*9 

65 

70 

10  • 0 

9-4 

y 1 

8 • 9 

75  ■ 

9*3 

8-7 

8 *3 

i 

- 

70 

70 

9-2 

8 *6 

8 *2 

k 

75 

8*4 

- 7 • 9 

7 *6 

75 

7 5 

7 • 6 

7*2  1 

6*9 
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The  uies  of  thefc  tables  may  be  exemplified  in  the 
following  problems, 

?ROB.  I.  ^ find  the  Pr  oh  ability  or  Proportion  of 
"Chance,  that  a perjon  oj  a Gi’ven  continues  in  being 
a propofed  number  of  years.' — Thus.,  iuppofe  the  age  be 
40,  and  the  number  of  years  propofed  15  ; then,  to 
calculate  by  the  table  of  the  probabilities  for  London,  ^ 
in  tab.  i.  agciinil  40  years  ftaiids  214,  and  againft  55 
years,  the  age  to  which  the  porfon  muft  arrive,  Hands 
120,  which  fiiews  that,  of  214  perfons  who  attain  to 
the  age  of  40,  only  120  of  them  reach  the  age  of  55, 
and  confequently  94  die  between  the  ages  of  40  and 
yy  : It  is  evident  therefore  that  the  odds  for  attaining 
the  propofed  age  of  55,  are  as  120  to  94,  or  as  9 to 
7 nearly. 

pROB.  2.  To  find  the  Value  of  an  Annuity  for  apro~ 
pofed  Life.—'Ph.h  problem  is  refolved  from  tab.  2,  by 
looking  againft  the  given  age,  and  under  the  propofed 
rate  of  intereft  ; then  the  correfponding  quantity  ftiews 
the  number  of  years-purchafe  required.  For  example, 
if  the  given  age  be  36,  the  rate  of  intereft  4 per  cent, 
and  the  propofed  annuity  L 250.  Then  in  the^table 
it  appears  that  the  value  is  i2-i  years  purchafe,  or 
12*1  times  L250,  that  is  L3025. 

After  the  fame  manner  the  anfwer  will  be  found  in 
,any  oiher  cafe  falling  within  the  limits  of  the  table. 
But  as  there  may  fometimes  be  oocafion  to  know  the 
values  of  lives  computed  at  higher  rates  of  intereft  than 
thofe  in  the  table,  the  two  following  pra6:ical  rules 
are  fubjolned  ; by  which  the  problem  is  refolved  inde- 
pendent of  tables. 

Rule  I.  When  the  given  age  is  not  lefs  than  45 
years,  nor  greater  than  85,  fubtrad  it  from  92  ; then 
" multiply  the  remainder  by  the  perpetuity,  and  divide 
the  produd  by  the  faid  remainder  added  to  2^  times 
the  perpetuity  ; fo  ftrali  the  quotient  be  the  number 
of  y ears  purchafe  required.  Where  note,  that  by  the 
perpetuity  is  meant  the  number  of  years  purchafe  of  the 
feedimple  ; found  by  dividing  100  by  the  rate  percent 
at  which  intereft  is  reckoned. 

Ex.  Let  the  given  age  be  50  years,  and  the  rate  of 
intereft  10  per  cent.  Then  fubtra ding  50  from  92, 
there  remains  42  5 rvbicli  multiplied  by  10  the  perpe- 
tuity, gives  420;  and  this  divided  by  67,  the  remainder 
increafid  by  21;  times  lo  the  perpetuity,  quotes  6'$ 
nearly,  for  the  number  of  years  piuchafe.  Therefore, 

. fuppofing  the  annuity  to  be  Lioo,  iU  value  in  pre- 
fent  money  will  be  L630. 

Rule  2.  When  the  age  is  between  10  and  45  years ; 
take  8 tenths  of  what  it  wants  of  45,  which  divide  by 
the  rate  per  cent  increafed  by  1*2  ^ then  if  the  quo- 
tient be  added  to  the  value  of  a life  of  45  year^,  found 
by  the  preceding  rule,  there  will  be  obtained  the  num- 
ber of  years  purchafe  in  this  cafe.  For  example,  let 
the  propofed  age  be  20  years,  and  the  rate  of  intereft 
e per  cent.  Fiere  takmg  20  from  45>  tneie  remains 
^5  ; -fV  which  is  20  ; which  divided  by  6*2,  ejuotes 
3 ‘2  ; and  this  added  to  9*8,  the  value  of  a.  life  of 
45,  found  by  the  former  rule,  gives  13  for  tlie  number 
of  years  purchafe  that  a life  oT  20  ought  to  be  valued 

And  the  condufions  derived  by  thefe  rules,  Mr. 
Simpfon  adds,  are  fo  near  die  true  values,  computed 
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from  real  obfervations,  as  feldom  to  differ  from  them 
by  more  than  or  of  one  year’s  purchafe. 

The  obfervations  here  alluded  to,  are  thofe  which 
are  founded  on  the  London  hills  of  mortality.  And 
a ftmilar  method  of  folutlon,  accommodated  to  the 
Breflaw  obfervations,  will  be  as  follows,  viz.  “ Mul- 
tiply the  difference  between  the  given  age  and  85 
years  by  the  perpetuity,  and  divide  the  produ6l  by 
8 tenths  of  the  faid  difference  increafed  by  double  the 
perpetuity,  for  the  anfwer.”  Wliich,  from  8 to  80 
years  of  age,  will  commonly  come  within  lefs  than  |- 
of  a year’s  purchafe  of  the  truth. 

Prob.  3.  To  find  the  Value  of  an  Annuity  for  Tnvo 
jfoint  Lhies,  that  is^  for  as  long  as  they  both  continue  in 
being  together. ^ — In  table  3,  find  the  younger  age,  or  that 
neareff  to  it,  in  column  i,  and  the  higher  age  in 
column  2 ; then  agaiiiit  this  laft  is  the  number  of 
years  purchafe  in  the  proper  column  for  the  intereft. 
Ex.  Siippofe  the  two  ages  be  20  and  35  years ; then 
the  value 

is  10*9  years  purchafe  at  3 per  cent, 
or  9*8  " - at  4 per  cent, 

or  8*8  - - at  5 percent. 

Prob.  4.  To  find  the  Value  of  the  Annuity  for  the 
Ijongeff  of  T^o  Lives,  that  is,  for  as  long  as  either  of 
them  continues  in  being. — In  table  4,  ftnd  the  age  of 
the  youngeff  life,  or  the  neareft  to  it,  in  col.  i,  and 
the  age  of  the  elder  in  col.  2 ; then  againft  this  laft 
is  the  anfwer  in  the  proper  column  of  intereft. — Ex. 
So,  if  the  two  ages  be  15  and  40  ; then  the  value  of 
the  annuity  upon  the  longeft  of  two  fiich  lives, 
is  21*1  years  purchafe  at  3 per  cent, 

or  17*9  - - 4 per  cent, 

or  15*7  « - 5 percent, 

N B.  In  the  laft  two  problems,  if  the  younger  age, 
or  the  rate  of  intereft,  be  not  exactly  found  in  the 
tables,  the  neareft  to  them  may  be  taken,  and  then 
by  proportion  the  value  for  the  true  numbers  will  be 
nearly  found. 

Rules  and  tables  for  the  values  of  three  lives.  See, 
may  alfo  be  feen  in  Simpfon,  and  in  Baron  Maferes’s 
Annuities,  See.  All  thefe  calculations  have  been 
made  from  tables  of  the  real  mortuary  regifters,  dif- 
fering unequally  at  the  ieveral  ages.  But  rules  have 
alfo  been  given  upon  other  principles,  as  by  De 
Moivre,  upon  the  fuppofttion  that  the  decrements  of 
life  are  equal  at  all  ages ; an  affumption  not  much 
differing  from  the  truth,  from  7 to  70  years  of  age, 
LiPE-AtJNViviES,  payable  half-yearly,  ^(^.—-T.hefe  are 
worth  more  than  fuch  as  are  payable  yearly,  as  com- 
puted by  the  foregoing  rules  and  tables,  on  the  two 
following  accountvS : Firft,  that  parts  of  the  payments 
are  received  fooner;  and  2dly,  there  is  a chance  of  re- 
ceiving fome  part  or  parts  of  a wdiole  year’s  payment 
more  than  when  the  payments  are  only  made  annual- 
ly. Mr.  Simpfon,  in  his  Seledl  Exercifes,  pa,  283, 
obferves,  that  the  value  of  thefe  two  advantages  put 
together,  will  always  amount  to  F of  year’s  purchafe 
for  half-yearly  payments,  and  to of  a year’s  purchafe 
for  quarterly  payments ; and  Mr.  Maferes,  at  page 
233  &c  of  his  Annuities,  by*-  a very  elaborate  calcula- 
tion, finds  the  former  difference  to  be  nearly  4 ^Ifo. 
But  Dr.  Price,  in  an  Effay  in  the  Philof.  Tranf.  vol.  66, 

pa.  1003 
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pa.  109,  flates  the  fame  differences  only 
at  for  half-yearly  payments, 

and  for  quarterly  payments  : 

And  the  Do61;or  then  adds  forne  algebraical  theorems 
for  filch  calculations. 

Life-Annuities, 5y  -Thefe  differ 

from  other  life-annuities  only  in  this,  that  the  an- 
nuity is  to  be  paid  up  to  the  very  day  of  the  death 


of  the  age  in  queftion,  or  of  the  perfon  upon 
vvhofe  life  the  annuity  is  granted.  To^  obtain  the 
more  exaft  value  therefore  of  fuch  an  annuity,  a fmall 
quantity  muft  be  added  to  the  fame  as  computed  by 
the  foregoing  rules  and  obfervations,  v/hich  is  different 
according  as  the  payments  are  yearly,  half-yearly,  or 
quarterly,  &c  ; and  are  thus  flated  by  Dr.  Price  in 
his  Effay  quoted  above  ; viz,  the  addition 


is 


v 


2n 

h 


or  — 

4« 


for  annual  payments, 
for  half-yearly  payments, 


or  — for  quarterly  payments  s 


age, 

the 


or 

re- 


where  n is  the  complement  of  the  given 
what  it  wants  of  86  years  ; and  y;-  h,  q are 
,fpe<ftive  values  of  an  annuity  certain  for  n years,  pay- 
able yearly,  half-yearly,  or  quarteily.  And,  by  nume- 
ral examples,  it  is  found  that  the  hrfl  of  thefe  additional 
quantities  is  about  the  fecond  ^he  •3d  half 

a tenth  of  one  year’s  purchafe. 

Complement  of  Life.  See  Complement. 

ExpeMation  of  Life.  See  Expectation. 

Infur ance  or  AJfiirance  on  Lives.  See  Assurances 
m Lives. 

LIGHT,  that  principle  by  which  objects  are  made 
perceptible  to  our  fenfe  of  feeing  ; or  the  fenfation 
occafioned  in  the  mind  by  the  view  of  luminous  ob- 
jedts. 

The  nature  of  Light  has  been  a fubjedl  of  fpecu- 
lation  from  the  firfl  dawnings  of  philofophy.  Some 
of  the  earliefl  philofophers  doubted  whether  objedls 
became  vifible  by  means  of  any  thing  proceeding  from 
them,  or  from  the  eye  of  the  fpedlator.  But  this  opi- 
nion was  qualified  by  Empedocles  and  Plato,  who 
maintained,  that  vlfion  was  occafioned  by  particles 
continually  flying  off  from  the  furfaces  of  bodies, 
whicli  meet  with  others  proceeding  from  the  eye  ; 
while  the  effedt  ivas  aferibed  by  Pythagoras  folely  to 
the  particles  proceeding  from  the  external  objedts,  and 
entering  the  pupil  of  the  eye.  But  Aiiflotle  defines 
Light  to  be  the  adt  of  a tranfparent  body,  conlidered 
as  fuch  : and  he  obferves  that  Jfight  is  not  fire,  nor 
yet  any  matter  radiating  from  the  luminous  body,  and 
tranfmitted  through  the  tranfparent  one. 

The  Car^efians  have  refined  confiderably  on  this 
notion  ; and  hold  that  Ifight,  as  it  exifts  in  the  lumi- 
nous body,  is  only  a power  or  faculty  of  exciting  in 
us  a very  clear  and  vivid  fenfation  ; or  that  it  is  an 
Invifible  fluid  prefent  at  all  times  and  in  all  places, 
but  requiring  to  be  let  in  motion,  by  a body  ignited 
or  otherwife  properly  qualified  to  make  objedls  vifible 
to  us. 

Father  Malbranche  explains  the  nature  of  Light 
Jfom  a fuppofed  analogy  between  it  and  found.— 
VOL.II. 


Thus  he  fuppofes  all  the  parts  of  a luminous  body- 
are  in  a rapid  motion,  which,  by  very  quick  pulfes, 
is  conftantiy  comprelfing  the  fubtle  matter  between 
the  luminous  body  and  the  eye,  and  excites  vibra- 
tions of  preffion.  As  thefe  vibrations  are  greater, 
the  body  appears  more  luminous  ; and  as  they  are 
quicker  or  flower,  the  body  is  of  this  or  that  colour. 

But  the  Newtonians  maintain,  that  Light  is  not  a 
fluid  per  fe,  but  confifts  of  a great  number  of  very 
fmall  particles,  thrown  olf  from  the  luminous  body  by 
a repulfive  power  with  an  Immenfe  velocity,  and  in  all 
direftions.  And  thefe  particles,  it  is  alfo  held,  are 
emitted  in  right  lines ; which  redlilinear  motion  they 
preferve  till  they  are  turned  out  of  their  path  by  fomc 
of  the  following  caufes,  viz,  by  the  attradlion  of  fomc 
other  body'  near  which  they  pafs,  w'hich  is  called  in- 
feElion  ; or  by  pafling  obliquely  through  a medium  of 
different  denfity',  which  is  called  refraBton  ; or  by  being 
turned  afide  by  the  oppofition  of  fome  intervening  body, 
which  is  called  refedion  ; or,  laflly,  by  being  totally 
flopped  by'  fome  fubfiance  into  which  they  penetrate, 
and  which  is  called  their  extlnBion.  A fuccefiion  of 
thefe  particles  following  one  another,  in  an  exa61: 
flraight  line,  is  called  z ray  of  Light ; and  this  ray',  in 
w'hatever  manner  its  direftion  may'  be  changed,  whe- 
ther by  refraftion,  reflection,  or  inflexion,  always  pre- 
ferves  a reCtilinear  courfe  till  it  be  again  changed  ; 
neither  Is  it  poflible  to  make  it  move  in  the  arch  of 
« circle,  elllpfis,  or  other  curve.  For  the  above  pro- 
perties of  the  ray’-s  of  Light,  fee  the  feveral  w’ords. 
Refraction,  Reflection,  See. 

The  velocity  of  the  particles  and  ray's  of  Light  is 
truly  aflonifhing,  amounting  to  near  2 hundred  thou- 
fand  miles  in  a fecond  of  time,  which  is  near  a million 
times  greater  than  the  velocity'  of  a cannon-ball.  And 
this  amazing  motion  of  Ifight  has  been  manlfefled  in 
various  ways,  and  firfl,  from  the  cclipfes  of  Jupiter’s 
fatellltes.  It  was  firfl  obferved  by  Roemei,  that  the 
eclipfes  of  thofe  fatellltes  happen  fometimes  fooner,  and 
fometimes  later,  than  the  times  given  by  the  tables 
of  them  ; and  that  the  obfervation  w'as  before  or  after 
the  computed  time,  according  as  the  earth  was  nearer 
to,  or  farther  from  Jupiter,  than  the  mean  diflance. 
Hence  Roemer  and  Caffini  both  concluded  that  this 
circumllance  depended  on  the  dillance  of  Jupiter  from 
the  earth  ; and  that,  to  account  for  it,  they  mufl 
fuppofe  that  the  Light  was  about  14  minutes  in 
crolfing  the  earth’s  01  bit.  This  conclufion  however 
was  afterward  abandoned  and  attacked  by  Calfini  liim- 
felf.  But  Roemer’s  opiuloii  found  an  able  advocate 
in  Dr.  Halley'  ; who  removed  Caffinifis  difficulty,  and 
left  Roemer’s  conclufion  in  its  full  force.  Yet,  in  a 
memoir  prefeiitcd  to  the  Academy  In  1707,  M.  Ma- 
raldi  endeavoured  to  Ib'engtheu  Caffini’.s  arguments  % 
w'hen  Roemer’s  dodlrlne  found  a new  defender  in  Mr. 
Pound.  Sec  Philof.  Tranf.  numl>er  136,  alfo  Abiidg. 
vol.  I,  pa.  409  and  422,  and  Groves,  Phyf.  Elem. 
number  2636.  It  has  fince  been  found,  by  repeated 
experiuaents,  that  when  the  earth  is  exaftly  between 
Jupiter  and  the  fun,  his  fatellltes  are  feen  eclipfed' 
about  81  mlnutes/e&wrr  than  they  could  be  according 
to  the  tables;  l)ut  when  the  earth  Is  ncarlv  In  tliA 
oppofite  point  of  its  orbit,  thefe  cclipfes  happen  about' 
8^  minutes  later  tlian  the  tables  predifl.  them.  Idence' 
F then 
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tlien  it  is  certain  tliat  tlie  motion  of  Light  is  not 
inflantaneous,  but  that  it  takes  up  about  i6|-  minutes 
of  time  to  pafs  over  a fpace  equal  to  the  diameter  of 
the  earth’s  orbit,  which  is  at  leafl  190  millions  of 
miles  in  length,  or  at  the  rate  of  near  200,000  miles 
per  fecond,  as  above-mentioned.  Hence  therefore 
Xnght  takes  up  about  8:^  minutes  in  palling  from  the 
fun  to  the  earth  ; fo  that,  if  he  fnoiild  be  annihilated, 
we  would  fee  him  for  8f  minutes  after  that  event 
llrould  happen ; and  if  he  were  again  created,  we 
Ihould  not  fee  him.  till  8-|  minutes  afterwards.  Hence 
alfo  it  is  eafy  to  know'  the  time  in  which  Light  travels 
to  the  earth,  fi'om  the  moon,  or  any  of  the  other 
planets,  or  even  from  the  lixed  liars  when  their  dillances 
fhall  be  known  ; thefe  dillances  however  are  fo  im 
menfely  great,  that  from  the  nearell  of  them,  fuppofed 
to  be  Sirius,  the  dog-llar.  Light  takes  up  many  years 
to  travel  to  the  earth : and  it  is  even  lufpedled  that 
there  are  many  liars  wLole  Light  have  not  yet  arrived 
at  us  fmee  their  creation.  And  this,  by-the-bye,  may 
perhaps  fometimes  account  for  the  appearance  of  new 
liars  in  the  heavens. 

It  may  be  juft  obferved  that  Galileo  firft  conceived 
the  notion  of  meafuring  the  velocity  of  Light ; and  a 
defeription  of  his  contrivance  for  this  purpofe,  is  in 
his  Treatife  on  Mechanics,  pa.”  39.  He  had  two  men 
with  Lights  covered  ; the  one  was  to  obferve  when 
the  other  uncovered  his  Light,  and  to  exhibit  his  own 
the  moment  he  perceived  it.  This  rude  experiment 
was  tried  at  the  diilance  of  a mile,  but  wdthout  fuc- 
cefs,  as  may  naturally  be  imagined  and  the  members 
of  the  Academy  Del  Cimento  repeated  the  experi- 
ment, and  placed  their  obfervers,  to  as  little  purpofe, 
at  the  diilance  of  2 miles. 

But  our  excellent  aftronomer.  Dr.  Bradley,  after- 
wards found  nearly  the  fame  velocity  of  Light  as 
Roemer,  from  his  accurate  obfervations,  and  moll  in- 
genious theory,  to  account  for  fome  apparent  motions 
in  the  fixed  liars ; for  an  account  of  which,  fee 
Aberration  of  Light.  By  a long  feries  of  thefe 
obfervations,  he  found  the  difference  between  the  true 
and  apparent  place  of  feveral  fixed  liars,  for  different 
times  of  the  year  ; which  difference  could  no  other- 
wife  be  accounted  for,  than  from  the  progrefiive  mo- 
tion of  the  rays  of  Light.  From  the  mean  quantity 
of  this  difference  he  ingenioufly  found,  that  the  ratio 
of  the  velocity  of  Light  to  the  velocity  of  the  earth 
in  its  orbit,  w^as  as  103 13  to  i,  or  that  Light  moves 
10313  times  fafter  than  the  earth  moves  in  its  orbit 
about  the  fun  ; and  as  this  latter  motion  is  at  the  rate 
of  lAiiles  per  fecond  nearly,  it  follows  that  the 

former,  or  the  velocity  of  Light,  is  at  the  rate  of  about 
195000  miles  in  a fecond;  a motion  according  to 
which  it  will  require  juft  8'  7^'  to  move  from  the  fun 
to  the  earth,  or  about  95  millions  of  miles. 

It  was  alfo  inferred,  from  the  foregoing  principles, 
that  Light  proceeds  with  the  fame  velocity  from  all 
the  liars.  And  hence  it  follow^s,  if  we  fuppofe  that 
all  the  liars  are  not  equally  diftant  from  us,  as  many 
arguments  prove,  that  the  motion  of  Light,  all  the 
v/ay  it  paffes  through  the  immenfe  fpace  above  our 
atmofphere,^  is  equable  or  uniform.  And  fince  the 
different  methods  of  determining  the  velocity  of  Light 
thus  agree  in  the  refult,  it  is  reafonable  to  conclude 


that,  in  the  fame  medium.  Light  is  propagated  with 
the  fame  velocity  after  it  has  been  reflected,  as  before. 

For  an  account  of  Mr.  Melville’s  hypothefis  of 
the  different  velocities  of  differently  coloured  rays,  fee 
Colour. 

To  the  dodlrine  concerning  the  materiality  of  Light, 
and  its  amazing  velocity,  feveral  objections  have  been 
made  ; of  v/hich  the  moil  confiderable  is.  That  as  rays 
of  Light  are  continually  paffmg  in  different  diredlions 
from  every  viffble  point,  they  mull  neceffarily  interfere 
wdth  each  other  in  Inch  a manner,  as  entirely  to  con- 
found all  diftinCt  perception  of  objeCts,  if  not  quite  to 
deltroy  the  wdiole  fenfe  of  feeing  : not  to  mention 
the  continual  wafte  of  fabftance  wTich  a conftant 
emifiioii  of  particles  muft  occafion  in  the  luminous 
body,  and  thereby  fmee  the  creation  muft  have  greatly 
diminilhed  the  matter  in  the  fun  and  ftars,  as  w^ell  as 
increafed  the  bulk  of  the  earth  and  planets  by  the 
vaft  quantity  of  particles  of  Light  abforbed  by  them 
in  fo  long  a period  of  time. 

But  it  has  been  replied,  that  if  Light  w^ere  not  a 
body,  but  confifted  in  mere  preflion  orpulfion,  it  could 
never  be  propagated  in  right  lines,  but  wmuld  be  con- 
tinually inffedled  ad  umbram.  Thus  Sir  I.  Newton  ; 

A preflure  on  a fluid  medium,  i.  e.  a motion  pro- 
pagated by  fuch  a medium,  beyond  any  obftacle, 
which  impedes  any  part  pf  its  motion,  cannot  be  pro- 
pagated in  right  lines,  but  will  be  ahvays  infleCting  and 
diftufing  itfelf  every  way,  to  the  quiefeent  medium 
beyond  that  obftacle.  The  power  of  gravity  tends 
downwards;  but  the  preffure  of  water  arifing  from  it 
tends  every  way  with  an  equable  force,  and  is  propa- 
gated with  equal  eafe  and  equal  ftrength,  in  curves, 
as  in  ftrait  lines.  Waves,  on  the  furface  of  the  water, 
gliding  by  the  extremes  of  any  very  large  obftacle,  in- 
fieCt  and  dilate  themfelves.  Hill  diffufing  gradually 
into  the  quiefeent  water  beyond  that  obftacle.  The 
waves,  pulfes,  or  vibrations  of  the  air,  wherein  found 
confifts,  are  manifeftly  inflcdled,  though  not  fo  confider- 
ably  as  the  w'aves  of  water  ; and  founds  are  propagated 
with  equal  eafe,  through  crooked  tubes,  and  through 
ftrait  lines ; but  Light  was  never  known  to  move  in 
any  curve,  nor  to  infleeft  itfelf  ad  umbram.’' 

It  muft  be  acknowledged,  however,  that  many  phi- 
lofophers,  both  Englifli  and  Foreigners,  have  recurred 
to  the  opinion,  that  Light  confifts  of  vibrations  pro- 
pagated from  the  luminous  body,  through  a fubtie 
etheriai  medium. 

The  ingenious  Dr.  Franklin,  in  a letter  dated  April 
23,  1752,  expreffeshis  diffatisfadlion  with  the  doCtrine, 
that  Light  confifts  of  particles  of  matter  continually 
driven  off  from  the  fun’s  furface,  v/ith  fo  enormous  a 
fwiftnefs.  Muft  not,  fays  he,  the  fmalleft  portion 
conceivable,  have,  with  fuch  a motion,  a force  exceed- 
ing tiiat  of  a 24  pounder  difeharged  from  a cannon? 
Muft  not  the  fun  diminifli  exceedingly  by  fuch  a wafte 
of  matter  ; and  the  planets,  inftead  of  drawing  nearer 
to  him,  as  fome  have  feared,  recede  to  greater  dillances 
through  the  leffened  attradlion  ? Yet  thefe  particler, 
with  this  amazing  motion,  will  not  drive  before  them, 
or  remove,  the  leaft  and  llighteft  dull  they  meet  with  ; 
and  the  fun  appears  to  continue  of  his  ancient  dimen- 
fions,  and  his  attendants  move  in  their  ancient  orbits.” 
He  therefore  conjedtures  that  all  the  phenomena  of 
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Light  may  he  more  properly  folved,  by  fappofirig  all 
fpace  filled  with  a fubtle  eiailic  fluid, 'which  is  not 
vifible  when  at  reft,  but  which,  by  its  vibrations,  affeas 
that  fine  fenfe  in  the  eye,  as  thofe  of  the  air  affed 
the  groffer  organs  of  the  ear ; and  even  that  different 
degrees  of  the  vibration  of  this  medium  may  caufe  the 
appearances  of  different  colours.  Frankliif  s Exper.  and 
Obferv.  1769,  pa.  264. 

The  celebrated  Euler  has  alfo  maintained  the  fame 
hypothefis,  in  his  Theoria  Liicis  & Colorum.  In  the 
fummary  of  his  arguments  againft  the  common  opinion, 
recited  in  Acad.  Berl.  1752,  pa.  271,  befides  the  ob- 
jedions  above-mentioned,  he  doubts  the  poflibiiity, 
that  particles  of  matter,  moving  ^ylth  the  amazin*^  ve- 
locity of  Light,  Ihould  penetrate  tranfparent  fubftances 
with  fo  much  eafe.  In  whatever  manner  they  are 
tranfmitted,  thofe  bodies  muft  have  pores,  difpofed  in 
right  lines,  and  in  all  pofiible  diredions,  to  ferve  as 
canals  for  the  paffage  of  the  rays  ; but  fuch  a ftrudure 
snuft  take  away  all  folid  matter  from  thofe  bodies,  and 
all  coherence  among  their  parts,  if  they  do  contain  any 
folid  matter. 

Dodor  Horfley,  now  Bp.  of  Rochefter,  has  taken 
confiderable  pains  to  obviate  the  dilficulties  ftarted  by 
Dr.  Franklin.  Suppofing  that  the  diameter  of  each 
particle  of  Light  does  not  exceed  one  millionth  of  one 
millionth  of  an  inch,  and  that  the  deiifity  of  each  par- 
ticle is  even  three  times  that  of  iron,  that  the  Licrht 
of  the  fun  reaches  the  earth  in  7',  at  the  diftance'^of 
22919  of  the  earth’s  femidiameters,  he  calculates  that 
the  momentum  or  force  of  motion  in  each  particle  of 
Light  coming  from  the  fun,  is  lefs  than  that  in  an  iron 
ball  of  a quarter  of  an  inch  diameter,  moving  at  the 
rate  of  lefs  than  an  inch  in  12  thoufand  millions  of 
millions  of  years.  And  hence  he  concludes,  that  a 
particle  of  matter,  which  probably  is  larger  than  any 
particle  of  Light,  moving  with  the  velocity  of  Light, 
has  a force  of  motion,  which,  inftead  of  exceeding  the 
force  of  a 24  pounder  difcharged  from  a cannon,  is 
almoft  infinitely  lefs  than  that  of  the  fmalleft  fliot 
difcharged  from  a pocket  piftol,  or  lefs  than  any  that 
art  can  create.  He  alfo  thinks  it  pofiible,  that  Lio-fit 
may  be  produced  by  a continual  emifiion  of  marter 
from  the  fun,  without  any  fuch  wafte  of  his  fubftance 
as  fliould  fenfibly  contrad  his  dimcnfions,  or  alter  the 
motions  of  the  planets,  within  any  moderate  length 
of  time.^  Ill  proof  of  this,  he  obferves  that,  for  the 
prodiidion  of  any  of  the  phenomena  of  Light,  it  is 
not  neceffary  that  the  emanation  from  the  fun  fliould 
be  continual,  in  a Itrid  mathematical  fenfe,  or  with- 
out any  interval ; and  likewife  that  part  of  the  Light 
which  iffues  from  the  fun,  is  continually  returned  to 
him  by  refledion  from  the  planets,  as  well  as  other 
Light  from  the  funs  of  other  fyftems.  Fle  proceeds, 
by  calculation,  to  fliew  that  in  385,130,000  years! 
the  fun  would  lofe  but  the  iS2^2d  part  'of  his  matter, 
and  confequently  of  the  gravitation  towards  him,  at 
any  given  diftance  ; which  is  an  alteration  much  too 
fmall  to  difeover  itfclf  in  the  motion  of  the  earth,  or 
of  any  of  the  planets.  He  farther  computes  that ’the 
greateft  ftroke  which  the  retina  of  a common  eye  fuf- 
tains,  when  turned  diredtiy  to  the  fun  in  a bright  day, 
does  not  exceed  that  which  wmuld  be  given  by  an  iron 
fltotj  a quarter  of  an  inch  diameteiy  and  moving  only 


at  the  rate  of  16J  inches  in  a year ; whereas  the  or- 
dma^  ftroke  is  lefs  than  the  2084th  part  of  this. 
See  Philof.  Tranf.  vol.  60  and  61. 

In  anfwer  to  the  difficulty  refpeding  the  nondn- 
teiference  of  the  particles  of  Light  with  each  other, 
Mr.  Melville  obferves  (Edinb.  EiT.  vol.  2),  there  is 
piobably  no  phyfical  point  in  the  vifible  horizon,  that 
does  not  fend  rays  to  every  otlier  point,  unlefs  where 
opaque  bodies  interpofe.  Light,  in  its  paffage  from 
one  lyftem  to  another,  often  pafles  through  torrents  of 
Light  ilfuing  from  other  funs  and  fyftems,  without 
eyei  inteiiering,  or  being  diverted  from  its  courfe, 
eithei  by  it,  or  by  the  particles  of  that  elaftic  medium, 
which  It  has  been  fuppofed  by  fomeis  diffufed  through 
ad  the  mundane  fpace.  Bo  account  for  this  fadi,  he 
iuppoles  that  the  particles  of  Light  are  incomparably 
laie,  even  when  they  are  the  moft  denfe,  or  that  their 
diameteis  are  ^ incomparably  lefs  than  their  diftance 
fiom  one  anotner  : which  obviates  the  objediion  iiro'ed 
by  Euler  and  others  againft  the  materiality  of  Light, 
fioin  its  influence  in  difturbing  the  freedom  and  per- 
petuity of  the  celellial  motions.  Bofcovich  and  fome 
otheis  folve  the  difficulty  concerning  the  non-interfer- 
ence of  the  particles  of  Light,  by  fuppofing  that  each 
paiticle  is  endued  with  an  infuperable  impulfive  force  ; 
but  111  this  cafe,  their  fpheres  of  impulfion  wmuld  be 
more  likely  to  interfere,  and  on  that  account  they 
be  more  liable  to  difturb  one  another. 

M.  Canton  fhews  (Philof.  Tranf.  vol.  58,  p.  344), 
that  the  difficulty  of  the  interference  will  vanilh,  if  a 
very  fmall  portion  of  time  be  allowed  between  the  emif- 
fion  of  yveiy  particle  and  the  next  that  follows  in  the 
farne  diredtion.  Suppofe,  for  inftance,  that  a lucid 
point  in  the  fun’s  furface  emits  150  particles  in  a fe- 
cond  of  time,  wdiich,  he  obferves,  wdll  be  more  than 
fufficient  to  gw  e continual  Light  to  the  eye,  without 
the  leaft  appearance  of  intermifiion  ; yet  ftill  the  par- 
ticles of  fuch  a lav,  on  account  of  their  great  velocity, 
wull  be  more  than  icoo  miles  behind  each  other,  a 
fpyce  fufficient  to  allow  others  to  pafs  in  all  diredions 
without  any  perceptible  interruption.  And  if  we 
adopt  tiie  conclulions  diaw'n  from  the  experiments  on 
the  duration  of  the  fenfations  excited  by  Light,  by  the 
chevalier  13’Arcy,  in  the  Acad.  Scienc.  1765,  who 
ftates  it  at  the  7 th  part  of  a fecond,  an  interv'al  of  more 
than  20,000  miles  may  be  admitted  between  every  two 
fucceflive  particles. 

d.  he  dodiiiie  of  the  materiality  of  Light  is  farther 
confirmed  by  thofe  experiments,  w hich  fliew,  that  the 
colour  and  inward  texture  of  fome  bodies  are  changed 
by  being  expofed  to  the  Light. 

Of  the  Momentum,  or  Force,  of  the  Particles  of  Light, 
Some  writers  have  attempted  to  prove  the  materiality 
of  Light,  by  determining  the  momentum  of  their  com- 
ponent particles,  or  by  fliewing  that  they  have  a force 
fo  as,  by  their  impulfe,  to  give  motion  to  light  bodies. 
M.  Hombeig,  Ac.  Par.  1708,  Hift.  pa.  25,  imagined, 
that  he  could  not  only  difperfe  pieces  of  amianthus, 
and  other  light  fubftances,  by  the  impulfe  of  the  folar 
rays,  but  alfo  that  by  throwing  them  upon  the  end  of 
a kind  of  lever,  coiineaed  with  the  fpring  of  a watch, 
he  could  make  it  move  fenfibly  quicker ; from  which^ 
and  other  experiments,  he  inferred  the  weight  of  the 
particles  of  Light.  And  Hartfoecker  made  preten- 
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ficHis  of  the  fame  nature.  But  M.  Du  Fay  anti  M. 
Mairan  made  other  experiments  of  a more  accurate 
hind,  without  the  effeds  which  the  former  had  ima- 
gined, and  which  even  proved  that  the  eitedls  mentioned 
by  them  were  owing  to  currents  of  heated  air  produced 
by  the  burning  glaifts  ufed  in  their  expeiiments,  or 
fome  other  cauies  which  they  had  overlooked. 

Hou'ever,  Dr.  Prieftley  informs  us,  that  Mr.  Mi- 
ch ell  endeavoured  to  afcertaiii  the  momentum  of  Light 
with  hill  greater  accuracy,  and  that  his  endeavours 
were  not  altogether  without  fucceis.  Having  found 
that  the  inflrument  lie  ufed,  acquired,  from  the  irnpulfe 
of  the  rays  of  ligiit,  a velocity  of  an  inch  in  a fecond 
of  time,  he  inferred  that  the  quantity  of  matter  con- 
tained in  the  rays  falling  upon  the  inflriimeat  in  that 
time,  amounted  to  no  more  than  the  12  hundred  mil- 
lionth part  of  a grain.  In  the  experiment,  the  Light 
was  collected  from  a fiirface  of  about  3 fquare  feet ; 
and  as  this  furface  reflected  only  about  the  half  of  what 
fell  upon  it,  the  quantity  of  matter  contained  in  the 
folar  rays,  incident  upon  a fquare  foot  and  a half  of 
furface,  in  a fecond  of  time,  ought  to  be  no  more  than 
the  1 2 hundred  millionth  part  of  a grain,  or  upon  one 
fquare  foot  only,  the  1 8 hundred  mdlliontli  part  of  a 
grain.  But  as  the  denfity  of  the  rays  of  Light  at  the 
furface  of  the  fun,  is  45000  times  greater  than  at  the 
earth,  there  ought  to  iffue  from  a fquare  foot  of  the 
fun’s  furface,  in  one  fecond  of  time,  the  40  thoufandth 
part  of  a grain  of  matter  ; that  is,  a little  more  than  3 
grains  a day,  or  about  4,752,000  grains,  which  is  about 
670  pounds  avoirdupois,  in  6000  years,  the  time  fince 
the  creation ; a quantity  which  would  have  Lortened 
the  fun’s  femidiameter  by  no  more  than  about  10  feet, 
if  it  be  fuppofed  of  no  greater  denfity  than  water  only. 

The  Expcipfion  or  Extenfion  of  any  portion  of  Light, 
IS  inconceivable.  Dr.  Hook  fhews  that  it  is  as  unlimited 
as  the  univerie  ; which  he  proves  from  the  immenfe 
diftance  of  many  of  the  fixed  Bars,  which  only  become 
vifible  to  the  eye  by  the  beft  telefcopes.  Nor,  adds  he, 
are  they  only  the  great  bodies  of  the  fun  or  ftars  that 
are  thus  liable  to  difperfe  their  Light  through  the  vail 
expanfe  of  the  univerfe,  but  the  fmallell  ipark  of  a 
lucid  body  mull  do  the  fame,  even  the  fmallell  globule 
lliuck  from  a fteel  by  a flint. 

The  Intenftty  of  different  Lights,  or  of  the  fame 
Light  in  different  circumiftances,  affords  a curious  fub- 
|ed  of  fpeculation.  M.  Bouguer,  Traite  de  Optique, 
found  that  when  one  Light  is  from  60  to  80  times  lefs 
than  another,  its  prefence  or  abfence  will  not  be  per- 
ceived by  an  ordinary  eye  ; that  the  moon’s  Light, 
when  file  is  19'^  16'  high  above  the  horizon,  is  but 
about  j of  her  Light  at  66®  i \ ' high  ; and  wlien  one 
limb  jufl  touched  the  horizon,  her  Ligdit  w^as  but  the 
2000th  part  of  her  Light  at  66°  ii  high;  and  that 
hence  Light  is  diminifhed  in  the  proportion  of  3 to  i by 
traverfing  7469  toifes  of  denfe  air.  BJ.e  found  alfo, 
that  the  centre  of  the  fun’s  dife  is  confiderably  more 
luminous  than  the  edges  of  it ; whereas  both  the  pri- 
mary and  fecondary  planets  are  more  luminous  at  their 
edges  than  near  their  centres  : That,,  farther,  the 
Light  of  the  fun  is  about  300jOOO  times  greater  than 
that  of  the  moon  ; and  therefore  it  is  no  wonder  that 
philofophers  have  had  fo  little  fuccefs  in  their  attempts 
to  coliefl  the  Light  of  the  moon  with  buniing-glafles ; 


for,  fhoitld  one  of  the  largefl  of  them  even  increafe  the 
Light  1000  times,  it  will  flill  leave  the  Light  of  the 
moon  in  the  focus  of  the  glafs,  300  times  lefs  than  the 
inteniity  of  the  common  Light  of  the  fun. 

Dr.  Smith,  in  his  Optics,  vol.  i,  pa.  29,  thought  he 
had  proved  that  the  Light  of  the  full  moon  would: 
be  only  the  90,900th  part  of  the  full  day  Light,  if  no,, 
rays  were  loll  at  the  moon.  But  Mr.  Robins,  in  bis 
Tra(^s,  vol.  2,  pa.  225,  iliews  that  this  is  too,  great  by 
one  half.  And  Mr.  Michell,  by  a more  eafy  and  ac- 
curate mode  of  computation,  found  that  the  denfity 
of  the  fun’s  Light  on  the  furhice  of  the  moon  is  but 
the  4 5', 000th  part  of  the  denfity  at  the  fun  ; and  that 
therefore,  as  the  moon  is  nearly  of  the  fame  apparent 
magnitude  as  the  fun,  if  ihe  redecled  to  us  all  the  Light 
received  on  her  furface,  it  would  be  only  the  45jpDOth 
part  of  our  day  flight,  or  that  which  we  receive  from., 
the  fun.  A-dmitting  therefore^  with  M.  Bouguer, 
that  the  moon  Light  is  only  the  300,000th  part  of  the 
day  or  fun’s  Light,  Mr.  Michell  concludes  that  the 
moon  reiiefls  no  more  than  between  the  6th  and  7tii 
part  of  what  (lie  receives.. 

Dr.  Gravefande  fays,  a lucid  body  is  that  which 
em.its  or  gives  dre  a motion  in  right  lines,  and  makes, 
the  difference  between  Light  and  heat  to  confiit  in  this, 
that  to  produce  the  former,  the  hery  particles  mull; 
enter  the  eye  in  a redlilinear  motion,  which  is  not  re»- 
qiiired  in  the  latter  : on  the  contraiy,  an  irregular  mo- 
tion feenis  more  proper  for  it,  as  appears  from  the  rays., 
com-iiig  diredlly  from  the  fun  to  the  tops  of  moniitaiiuv^ 
which  have  not  near  that  effecl  with  thofe  in  the  val- 
ley,  agitated  with  an  irregular  motion,  by  feveral  re«i. 
fledtions. 

Sir  I.  Newton  obferves,  that  bodies  and  Light  adl 
mutually  on  one  another  ; bodies  on  Light,  in  emit- 
ting, reiledting,  refradling,  and  infledling  it ; and  Light 
on  bodies,  by  heating  them,  and  putting  their  parts, 
into  a vibrating  motion,  in  'w^hicli  heat  principally  con- 
lills.  For  ail  fixed  bodies,  he  obfeiwes,  when  heated, 
beyond  a certain  degree,  do  emit  Light,  and  ihine  ; 
which  fhinlng  See  appears  to  be  owing  to  the  vibrating 
motion  of  their  parts  ; and  all  bodies,  abounding  in 
earthy  and  fulphufeous  particles,  if  fufficiently  agita.ted, 
emit  Light,  which  way  foewer  that  agitation  be  effedted. 
Thus,  fea  water  ihiiies  in  a ftorm  ; quickfilver,  when: 
fhaken  in  vacuo  ; cats  or  horfes,  when  rubbed  in  the 
dark  ; and  wood,  fifh,  and  fiefli,  when  putrefied,. 

Light  proceeding  from  putrefeent  animal  and  vege-. 
table  fub (lances,  as  well  as  from  glow-worms,  is  men-, 
tioned  by  Arillotle.  And  Bartholin  mentions  four 
kinds  of  luminous  infecls,  two  of  which  have  wings  :: 
but  in  hot  climates  it  is  faid  they  are  found  in  much., 
greater  numbers,  and  of  different,  fpecies.  Columna 
obferves,  tlrat  their  Light  is.  not  extinguilhed  immedi-. 
ately  on  the  death  of  the  animal.  The  firft  diffindl  ac- 
count that  occurs  of  Light  proceeding  from  putrefeent 
animal  fielli,  is  that  which  is  given  by  Fabricius  ab:- 
Aquapendente  in  1592,  de  Vifione  &c,  pa.  45,  And« 
Bartholin  gives  an  account  of  a fimilar  appearance, 
w^hich  happened  at  Montpelier  in  1641,  iiihis  treatife- 
De  Luce  Animalium. 

Mr.  Boyle  fpeaks  of  a piece  of  fhining  rotten  wood,^ 
which  was  extinguilhed  in  vacuo  ; but  upon  re-admit-*. 
ting  the  air,  it  revived  again,  and  Ihone  as  before 
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lliougTi  lie  could  not  perceive  that  it  was  increafed  in 
condcnfed  air.  But  in  Birches  Bliftory  of  the  Royal 
Soc.  vol  2,  pa.  254,  there  is  an  account  of  the  Liglit 
of  a fliiniiig  filh,  which  was  rendered  more  vivid  by 
putting  the  fifii  into  a condenfing  engine.  The  hfh 
called  Whiting's  were  thofe  commonly  ufed  by  Mr. 
Boyle  in  his  experiments  : though  in  a difcourfe  read 
before  the  R.  Soc,  in  ibS’i,  it  w£i-s  afferted  that,  of  all 
iifhy  fiibifances,  the  eggs  of  lobders,  after  they  had 
been  boiled,  rhone  the  brighteil.  Birch’s  Hilt.  vol.  2, 
pa.  70.  In  1672  Mr.  Boyle  accidentally  oV>ferved  Light 
iffuing  from  fle.lh  meat  ; and,  among  other  remarks  on 
this  lut'.jed,  he  obferves  that  extreme  cold  extinguifnes 
the  Light  of  (liining  wood  ; probably  becaiile  extreme 
cold  checks  the  putrefaction,  which  is  thecaiife  of  the 
Light.  The  fliell  fiili  calleci  pholas,  is  remmkable  for 
its  luminous  quality.  The  lumwovfnefs  of  the.  Sea  lias 
been  alfo  a lubjecft  of  frequent  obfervation.  See  fonis 
jatuus,  Phofphorusy  and  PutrefaLtwfi , See. 

Mr.  Hawkflyee,  and  many  writers  on  the  fubjeft  of 
-eleftricity  fince  his  time,  have  produced  a great  variety 
of  Inllances  of  the  artificial  produdlion  of  Light,  by 
the  attrition  of  bodies  naturally  not  luminous  ; as  of 
amiber  nibbed  on  woollen  cloth  in  vacuo  ; of  glafs  on 
woollen,  of  glafs  on  glafs,  of  oyiler  fhells  on  woollen, 
and  of  woollen  on  woollen,  all  in  vacuo.  On  the  leve- 
ral  expcrimients  of  this  kind,  he  makes  thefe  following 
refiedtions  : that  different  forts  of  bodies  afford  Light 
of  various  kinds,  different  both  in  colour  and  In  force  ; 
that  the  cffedls  of  an  attrition  are  various,  according  to 
the  different  prei>aratIons  and  treatment  of  the  bodies 
that  are  to  endure  it  ; and  that  bodies  which  have 
yielded  a particular  I.ight,  may  be  brought  by  friftion 
to  yield  no  more  of  that  Liglit.* 

M.  Bernoulli  found  by  experiment,  that  mercury 
amalgamated  w'itli  tin,  and  rubbed  on  glafs,  produced 
a confiderable  Light  in  the  air  ; that  gold  rubbed  on 
glafs,  exhibited  the  fame  in  a greater  degree  ; but  that 
the  moft  exqiilfre  Light  of  all  was  produced  by  the 
attrition  of  a diamond,  this  being  equally  vivid  with 
that  of  a burning  coal  brlfldy  agitated  with  the  bellows. 
See  Electricity,  &c. 

Of  the  AttraP'ion  of  Light.  That  the  particles  of 
Light  are  attrafted  by  thofe  of  other  bodies,  is  evident 
fi'om  numerous  experiments.  This  phenomenon  was 
obferved  by  Sir  1.  Newton,  who  found,  by  repeated 
trials,  that  the  rays  of  Liglit,  in  their  paffage  near  the 
edges  cf  bodies,  are  diverted  out  of  the  right  lines,  and 
always  inflcftcd  or  bent  towards  thofe  bodies,  wliether 
they'be  opaque  or  tranfparent,  as  pieces  of  metals,  the 
edges  of  knives,  broken  glafhs,  &c.  See  Inflection 
and  Rays.  The  cmioiis  obfervations  tliat  had  been 
made  on  this  fubjeft  by  Dr.  Hook  and  Grimaldi,  led 
Sir  I.  Newton  to'  repeat  and  diverfify  their  experiments, 
and  to  purfuc  them  much  farther  than  they  had  done. 
For  a particular  account  of  his  experiment  and  obfer- 
vations,  fee  his  treatife  on  Optics,  pa.  293  &c. 

This  aftlon  of  bodies  on  Light  is  found  to  exert 
itfelf  at  a fenfible  diftance,  though  it  always  Increafes 
as-the  diftance  is  diminiihed  ; as  appears  very  fenhbly 
in  the  paffage  of  a ray  between  the  edges  of  two  thin 
planes  at  different  apertures ; which  is  attended  with 
this  peculiar  circumftance,  that  the  attraftion  of  one 
edge  is  increafed  us  the  other  is  brought  nearer  it. 


The  rays  of  Light,  in  their  paffage  out  of  glafs  into  a 
vacuum,  are  not  only  indexed  towards  the  glafs,  but  if 
they  fail  too  obliquely,  they  will  revert  back  again 
to  the  glafs,  and  be  totally  reflecled.  Now  the  caiife 
of  this  refleflion  cannot  be  attributed  to  any  refiftance 
of  the  vacuum,  but  muft  be  entirely  owing  to  fome 
force  or  power  in  the  glafs,  which  attracts  or  draws 
back  the  rays  as  tliey  were  paffmg  into  the  vacuum.. 
And  tliis  appears  farther  from  hence,  that  it  you  wet 
the  back  furface  of  the  glafs  Avith  water,  oil,  honey,  or 
a folution  of  quickfilver,  then  the  rays  which  would 
otherwife  have  been  reflected,  Avill  pervade  and  pafs 
through  that  liquor  ; which  (hews  that  the  rays  are  not 
reflected  till  they  come  to  that  back  furface  of  the 
glafs,  nor  even  till  they  begin  to  go  out  of  it ; for  if, 
at  their  going  out,  they  fall  into  any  of  tlie  aforefaid 
•mediums,  they  will  not  then  be  refleTed,  but  -will  per- 
fift  in  tlieir  former  courfe,  the  attraction  of  the  glafs 
being  in  this  cafe  counterbalanced  by  that  of  the  li- 
quor. 

M.  Maratdl  profeciited  experiments  fimilar  to  thofe 
of  Sir  1.  Newton  on  InfieAed  Light.  And  his  obfer- 
vations  chiefly  refpedt  the  inflection  of  Light  towards 
other  bodies,  by  which  their  fl’uidows  are  partially  il- 
luminated. Acad.  Paris  1723,  Mem.  p.  159.  See 
alfo  Prieftlcy’s  Hill.  pa.  521  &c. 

M.  Malran,  without  attempting  the  difeovery  of  new 
facts,  endeavoured  to  explain  the  old  ones,  by  tlie  hy- 
pothefis  of  an  atmofphere  furrounding  all  bodies  ; and 
confequcntly  two  reflections  and  refi-actions  of  Light 
that  Impinges  upon  them,  one  at  the  furface  of  the  at- 
mofphere, and  the  other  at  th;  furface  of  the  body  it- 
felf. This  atmofphere  he  fiippofed  to  be  of  a variable- 
denfity  and  refraeftive  power,  like  the  air. 

M.  Du  Tour  fucceeded  Mairan,  and  imagined  that 
he  could  account  for  all  the  phenomena  by  the  help  of 
an  atmofphere  of  an  uniform  denfity,  but  of  a lefs  re- 
fractive power  than  the  air  furrounding  all  bodies. 
Dll  Tour  alfo  varied  the  Newtonian  experiments,  and 
difeovered  more  than  three  fringes  in  the  colours  pro- 
duced bv  the  Infiedlion  of  liofht.  He  farther  concludes 
that  the  refraCling  atmofpheres,  furrounding  all  kinds 
of  bodies,  are  of  the  fame  fize  ; for  when  he  ufed  a 
great  variety  of  fubftances,.and  of  different  fizes  too,  he 
always  found  coloured  llreaks  of  the  fame  diracniions. 
He  alfo  obferves,  that  his  hypotliefis  contradicts  an  ob- 
fervation of  Sir  1.  Newton,  viz,  that  thofe  rays  are  the 
moft  Inflected  which  pafs  the  neareft  to  any  body. 
Mem.  de  Math.  Sc  de  Phyf.  vol.  5,  pa.  650,  or  Prieft- 
ley’s  Hill.  pa.  531. 

M.  Le  Cat  found  that  objeCls  fometimes  appear  mag- 
nified by  means  of  the  inflection  of  Light.  Looking 
at  a dillant  fteeple,  when  a wire,  of  a lefs  diameter  than 
the  pupil  of  his  eye,  was  held  pretty  near  to  it,  and 
drawing  it.  feveral  times  between  that  objeCt  and  his 
eye,  he  was  furprifed  to  find  that  every  time  the  wire 
paffed  before  his  eye,  the  fteeple  feemed  to  change  its 
place,  and  fome  hills  beyaAiid  the  fteeple  feemed  to  have., 
the  fame  motion,  juft  as  If  a lens  had  been  drawn  be- 
tween them  and  his  eye.  Tin’s  difeovery  led  him  to  fe- 
veral others  depending  on  the  inflection  of  the  rays  of 
Lip'ht.  Thus,  he  magnified  fmall  objeCts,  as  the  head 
of  a pin,  by  viewing  them  through  a fmall  hole  in  a 
Cc^rd  y fo  that  the  rayti  vvhich  formed  the  image  muft 
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necefTarily  pafs  fo  near  the  circumference'  of  the  hole, 
as  to  be  attrafted  by  it.  He  exhibited  alfo  other  ap- 
pearances of  a fimilar  nature.  Traitedes  Sens,  pa.  299. 
Prieftley,  ubi  fupra,  pa.  537. 

RejieBion  and  RefraBicn  of  Light.  From  the  mutual 
attraflion  between  the  particles  of  Light  and  other 
bodies,  ariie  two  other  grand  phenomena,  befides  the 
inflexion  of  Light,  which  are  called  the  redeftion  and 
rerradtion  of  Light.  It  is  well  known  that  the  deter- 
mination of  bodies  in  motion,  efpecially  elaflic  ones,  is 
changed  by  the  interpofition  of  other  bodies  in  their 
way : thus  alfo  Light,  im.pinging  on  the  furfaces 
of  bodies,  fliould  be  turned  out  of  its  courfe,  and 
beaten  back  or  rededted,  fo  as,  like  other  llriking 
bodies,  to  make  the  angle  of  its  rededlion  equal  to  the 
angle  of  incidence.  This,  it  is  found  by  experience, 
Light  does ; and  yet  the  caufe  of  this  effedl  is  diiferent 
from  that  juft  now  affigned  : for  the  rays  of  Light  are 
not  rededled  by  ftriking  on  the  very  parts  of  the  re- 
fledling  bodies,  but  by  fome  power  equally  diffufed 
over  the  whole  furface  of  the  body,  by  which  it  adts 
on  the  Light,  either  attradling  or  repelling  it,  without 
contadt  : by  which  fame  power,  in  other  circumflances, 
the  rays  are  refradled  ; and  by  which  alfo  the  rays  are 
fird:  emitted  from  the  luminous  body ; as  Newton 
abundantly  proves  by  a great  variety  of  arguments. 
See  Reflection  and  Refraction. 

That  great  author  puts  it  pad  doubt,  that  all  thofe 
rays  which  are  rededted,  do  not  really  touch  the  body, 
though  they  approach  it  infinitely  near  ; and  that  thofe 
which  drike  on  the  parts  of  folid  bodies,  adhere  to 
them,  and  are  as  it  were  extinguidied  and  lod.  Since 
the  rededtion  of  the  rays  is  afcribed  to  the  adlion  of 
- the  whole  furface  of  the  body  without  contadt,  if  it  be 
ad^ed,  how  it  happens  that  all  the  rays  are  not  rededted 
from  every  furface  ; but  that,  while  fome  are  rededted, 
others  pafs  through,  and  are  refradted  ? the  anfwer 
given  by  Newton  is  as  follows  : — Every  ray  of  Light, 
in  its  pafiage  through  any  refradting  furface,  is  put 
into  a certain  tranfient  conditution  or  date,  which  in 
the  progrefs  of  the  ray  returns  at' equal  intervals,  and 
diJpofes  the  ray  at  every  return  to  be  eafily  tranfmitted 
through  the  next  refradting  furface,  and  between  the 
returns  to  be  eafily  rededted  by  It  : which  alteration  of 
rededtion  and  tranfmiffion  it  appears  is  propagated  from 
every  furface,  and  to  all  didances.  What  kind  of  ac- 
tion or  difpofition  this  is,  and  whether  it  confids  in  a 
circulating  or  vibrating  motion  of  the  ray,  or  the  me- 
dium, or  fomething  elfe,  he  does  not  enquire  ; but  al- 
lows thofe  who  are  fond  of  hypothefes  to  fuppofe,  that 
the  rays  of  Light,  by  impinging  on  any  refiedting  or 
refradting  furface,  excite  vibrations  in  the  rededting  Qr 
refradting  medium,  and  by  that  means  agitate  the  folid 
parts  of  the  body.  Thefe  vibrations,  thus  produced  in 
the  medium,  move  falter  than  the  rays,  fo  as  to  over- 
take them ; and  when  any  ray  is  in  that  part  of  the 
vibration  which  confpires  with  its  motion,  its  velocity 
is  increafed,  and  fo  it  eafily  breaks  through  a refradting 
furface  ; but  when  it  is  in  a contrary  part  of  the  vibra- 
tion, which  impedes  its  motion,  it  is  eafily  rededted ; 
and  thus  every  ray  is  fiiccelfively  difpofed  to  be  eafily 
rededted  or  tranfmitted  by  every  vibration  which  meets 
it.  Thefe  returns  in  the  difpofition  of  any  ray  to  be 
rededted,  he  calls  Jii^  of  eafy  rfldlion  ; aud  the  returns 


in  the  dirpbfition  to  be  tranfmitted,  he  calls  fts  of  edfy 
tranfntfion  ; alfo  the  fpace  between  tlie  returns,  the  in- 
terval of  the  fts.  Hence  then  the  reafon  why  the  fur- 
faces  of  all  thick  tranfparent  bodies  rededt  part  of  the 
Light  incident  upon_them,  ^nd  refradt  the  reft,  is  that 
fome  rays  at  their  incidence  are  in  fits  of  eafy  rededtion, 
and  others  of  eafy  tranfmifiion.  For  th£  properties  of 
reJIeBed Light y fee  Reflection,  Mirror,  &c. 

Again,  a ray  of  Light,  paffing  out  of  one  medium 
into  another  of  different  denfity,  and  in  its  padagc 
making  an  oblique  angle  with  the  furface  that  feparates 
the  mediums,  wuil  be  refradted,  or  turned  out  of  its 
diredtion  ; becaufe  the  rays  are  more  ftrongly  attradted 
by  a denfer  than  by  a rarer  medium.  That  thefe  rays 
are  not  refradted  by  ftriking  on  the  folid  parts  of 
bodies,  but  that  this  is  effedted  without  a real  contadt, 
and  by  the  fame  force  by  which  they  are  emitted  and 
refledted,  only  exerting  itfelf  differently  in  different  cir- 
cumftances,  is  proved  in  a great  meafure  by  the  fame 
arguments  by  w'hich  it  is  dernonftrated  that  refledtion 
is  performed  without  contadt.  See  Refraction, 
Lens,  Colour,  Vision,  &c. 

LIGFITNING,  a large  bright  flame,  fliooting 
fwiftly  through  the  atmofphere,  of  momentary  or  very 
fliort  duration,  and  commonly  attended  with  thunder. 

Some  philofophers  accounted  for  this  awful  natural 
phenomenon  in  this  manner,  viz,  that  an  inflamma- 
ble fubftance  is  formed  of  the  particles  of  fulphur, 
nitre,  and  other  combuftible  matter,  which  are  exhaled 
from  the  earth,  and  carried  into  the  higher  regions  of 
the  atmofphere,  and  that  by  the  collifion  of  two  clouds, 
or  otherwife,  this  fubftance  takes  fire,  and  darts  out 
into  a train  of  Light,  larger  or  fmaller  according  to 
the  ftrength  and  quantity  of  the  materials.  And  others 
have  explained  the  .phenomenon  of  Lightning  by  the 
fermentation  of  fulphureous  fubftances  with  nitrous 
acids.  See  Thunder. 

But  it  is  now  univerfally  allowed,  that  Lightning  is 
really  an  eledlrical  explofion  or  phenomenon.  Philo- 
fophers had  not  proceeded  far  in  their  experiments  and 
enquiries  on  this  fubjedl,  before  they  perceived  the  ob- 
vious analogy  between  Lightning  and  electricity,  and 
they  produced  many  arguments  to  evince  their  fimi- 
larity.  But  the  method  of  proving  this  hypothefis  be- 
yond a doubt,  was  firft  propofed  by  Dr.  Franklin, 
wLo,  about  the  clofe  of  the  year  1749,  conceived  the 
practicability  of  drawing  Lightning  down  from  the 
clouds.  Various  circumflances  of  refemblance  between 
Lightning  and  eleCtricity  were  remarked  by  this  inge- 
nious philofopher,  and  have  been  abundantly  confirmed 
by  later  difpoveries,  fuch  as  the  following  ; Flafhes  of 
Lightning  are  ufually  feen  crooked  and  waving  in  the 
air  ; fo  the  eleCtric  fpark  drawn  from  an  irregular  body 
at  fome  diftance,  and  when  it  is  drawn  by  an  irregular 
body,  or  through  a fpace  in  which  the  beft  conductors 
are  difpofed  in  an  irregular  manner,  always  exhibits  the 
fame  appearance  : Lightning  ftrikes  the  higheft  and 
moft  pointed  objeCts  in  ifs  courfe,  in  preference  to 
others,,  as  hills,  trees,  fpires,  mails  of  ftiips,  &c  ; fo 
all  pointed  conductors  receive  and  throw  off  the  eleCtric 
fluid  more  readily  than  thofe  that  are  terminated  by 
flat  furfaces  : Lightning  is  obferved  to  take  and  follo\v 
the  readieft  and  beft  conductor  ; and  the  fame  is  tfie 
cafe  with  eleClricity  in  the  difeharge  of  the  Leyden 
^ phial ; 


pliial ; from  whence  the  dotlor  infers,  that  in  a thun- 
der-ilorm,  it  would  be  fafer  to  have  one’s  cloaths  wet 
than  dry : Lightning  burns,  diiToIves  metals,  rends 
fome  bodies,  fometimes  ftrikes  perfons  blind,  deflroys 
animal  life,  deprives  magnets  of  their  virtue,  or  reverfes 
_ their  poles  ; and  all  thele  are  well-known  properties  of 
eledfricity. 

But  Lightning  alfo  gives  polarity'  to  the  magnetic 
needle,  as  well  as  to  all  bodies  that  have  any  thing  of 
iron  in  them,  as  bricks  &c  ; and  by  obferving  after- 
wards which  way  the  magnetic  poles  of  thefe  bodies 
lie,  it  may  thence  be  known  in  what  diredtion  the 
liroke  palled.  Perfons  are  fometimes  killed  by  Light- 
ning, without  exhibiting  any  vihble  marks  of  injury  ; 
and  in  this  cafe  Sig.  Beccaria  fuppofes  that  the  Light- 
ning doe^  not  really  touch  them,  but  only  produces  a 
iudden  vacuum  near  them,  and  the  air  rufhing  violently 
out  of  their  lungs  to  ftipply  it,  they  cannot  recover 
their  breath  again  : and  in  proof  of  this  opinion  he 
alleges,  that  the  lungs  of  fuch  perfons  are  found  flac- 
cid ; whereas  thefe  are  found  inflated  when  the  perfons 
are  really  killed  by  the  eledfric  fliock.  Though  this 
hypothefis  is  controverted  by  Dr.  Priefliey. 

To  demonftrate  however,  by  adlual  exocriment,  the 
identity  of  the  eledfric  fluid  with  the  matter  of  Light- 
ning, Dr.  Franklin  contrived  to  bring  Lightning  from 
the  heavens,  by  means  of  a paper  kite,  properly  fitted 
up  for  the  purpofe,  with  a long  fine  wire  firing,  and 
called  an  eledlrical  kite,  which  lie  raifed  when  a thun- 
der-ftorm  was  perceived  to  be  coming  on  : and  with 
the  eledtricity  thus  obtained,  he  charged  phials,  kindled 
fpirits,  and  performed  all  other  fuch  electrical  experi- 
ments as  are  ufually  exhibited  by  an  excited  glafs  globe 
or  cylinder.  This  happened  in  June  1752,  a month 
after  the  eledlricians  in  France,  in  purfuance  of  the 
method  wLich  he  had  before  propofed,  had  verified  the 
fame  theory,  but  without  any  knowledge  of  what  they 
had  done.  The  mofi  adtive  of  thefe  were  Meffrs. 
Dalibard  and  Delor,  followed  by  M.  Mazeas  and  M. 
Monnier. 

In  April  and  June  1753,  Franklin  difeovered  that 
the  air  is  fometimes  eledtrified  negatively,  as  Avell  as  fome- 
times pofitivefy ; and  he  even  found  that  the  clouds  w'ould 
change  from  pofitive  to  negative  eledtricity  feveral  times 
in  the  courfe  of  one  thunder-guft.  This  curious  and 
important  difeovery  he  foon  perceived  rvas  capable  of 
being  applied  to  pradtical  ufe  in  life,  and  in  confe- 
quence  propofed  a method,  wdiich  he  foon  accom- 
pliflied,  of  fecuring  buildings  from  being  damaged  by 
Lightning,  by  means  of  Conductors.  See  the 
word. 

Nor  had  the  Englifli  philofophers  been  inattentive 
to  this  fubjedt ; but,  for  want  of  proper  opportunities 
of  trying  the  necefiary  experiments,  and  from  fome 
other  unfavourable  circumftances,  they  had  failed  of 
fuccefs.  Mr.  Canton,  how^ever,  fucceeded  in  July 
1752  ; and  in  the  following  month  Dr.  Bevis  and 
Mr.  Wilfon  obferved  near  the  fame  appearances  as  Mr. 
Canton  had  done  before.  By  a number  of  experiments 
Mr.  Canton  alfo  loon  after  obferved  tliat  fome  clouds 
were  in  a pofitive,  while  fome  w^ere  in  a negative  fiate  of 
eledtricity  ; and  that  the  eledtricity  of  his  condudfor 
would  fometimes  change,  from  one  fiate  to  the  other, 
five  or  fix  times  in  lefs  than  half  an  hour. 


But  Sig.  Beccaria  difeovered  this  variable  fiate  of 
thunder  clouds,  before  he  knew’-  that  it  had  been  ob- 
ferved by  Dr.  Franklin  or  any  other  perfon  ; and  he 
has  given  a very  exadt  and  particular  account  of  the 
external  appearances  of  thefe  clouds.  From  the  obfer- 
vations  of  his  apparatus  within  doors,  and  of  the  Light- 
ning abroad,  he  inferred,  that  the  quantity  of  eleftric 
matter  in  a common  thunder  fiorm,  is  inconceivably 
great,  confidering  how  many  pointed  bodies,  as  fpires, 
trees,  &c,  are  continually  drawing  it  off,  and  what  a 
prodigious  quantity  is  repeatedly  diicharged  to  or  from 
the  earth.  This  matter  is  in  fuch  abundance,  that  he 
thinks  it  impoflible  for  any  cloud  or  number  of  clouds 
to  contain  it  all,  fo  as  either  to  receive  or  difeharge  it. 
He  obferves  alfo,  that  during  the  progrefs  and  increafe 
of  the  fiorm,  though  the  lightning  frequently  firuck  to 
the  earth,  the  lame  clouds  w’ere  the  next  moment  ready 
to  make  a tliil  greater  difeharge,  and  his  apparatus  conti- 
nued to  be  as  much  affedted  as  ever  ; lo  that  the  clouds 
mufi  have  received  at  one  part,  in  the  fame  moment 
wLen  a difeharge  w^as  made  from  them  in  another.  And 
from  the  whole  he  concludes,  that  the  clouds  ferve  as 
condudtors  to  convey  the  eleftric  fluid  from  thofe  parts 
of  the  earth  that  are  overloaded  with  it,  to  thofe  that 
are  exhaufied  of  it.  The  fame  caufe  by  which  a cloud 
is  firfi  raifed,  from  vapours  dlfperfed  in  the  atmofphere, 
draws  to  it  thofe  that  are  already  formed,  and  fill]  con- 
tinues to  form  new  ones,  till  the  whole  colledted  mafs 
extends  fo  far  as  to  reach  a part  of  the  earth  wLere  there 
is  a deficiency  of  the  electric  fluid,  and  where  the  elec- 
tric matter  will  difeharge  itfelf  on  the  earth.  A chan- 
nel of  communication  being  thus  formed,  a frefh  fupply 
of  eledtric  matter  is  railed  from  the  overloaded  part, 
which  continues  to  be  conveyed  by  the  medium  of  the 
clouds,  till  the  equilibrium  of  the  fluid  is  refiored  bc- 
tw'een  the  two  places  of  the  earth.  Sig.  Beccaria 
obferves,  that  a wind  always  blows  from  the  place 
from  which  the  thunder-cloud  proceeds  ; and  it  is 
plain  that  the  fudden  accumulation  of  fuch  a pro- 
digious quantity  of  vapours  mufi  difplace  the  air,  and 
repel  it  on  all  Tides.  Indeed  many  obfervations  of  the 
defeent  of  Lightning,  confirm  his  theoiy  of  the  manner 
of  its  afeent  ; for  it  often  throw^s  before  it  the  parts  of 
conducing  bodies,  and  difiributes  them  along  the  refifi- 
ing  medium,  through  wiricli  it  mufi  force  its  palfage  ; 
and  upon  this  principle  the  longelt  flaflies  of  Lightning 
feem  to  be  made,  by  forcing  into  its  w^ay  part  of  the  va- 
pours in  the  air.  One  of  the  chief  reafons  wliy' , thefe 
flafiies  make  fo  long  a rumbling,  is  that  they  are  occa- 
fioned  by  the  vafi  length  of  a vacuum  made-by  the  paf- 
fage  of  the  eleftric  matter;  for  although  the  air  col- 
lapfes  the  moment  after  it  has  pafl'ed,  and  that  the  vi- 
bration, on  wliich  the  found  depends,  commences  at 
the  fame  moment ; yet  when  the  flafli  is  diredled  tow'arda 
the  perfon  v/ho  hears  the  report,  the  vibrations  excited 
at  the  nearer  end  of  the  track,  will  reach  his  ear  much 
foonerthan  thofe  from  the  more  remote  end  ; and  the 
found  will,  without  any  echo  or  repercufiion,  continue 
till  all  the  vibrations  have  fucceflively  reached  him. 

How  it  happens  that  particular  parts  of  the  earth, 
or  tlie  clouds,  come  into  the  oppolite  fiates  of  pofitive 
and  negative  eleftriclty,  is  a quefiion  not  abfolutely  de* 
termined  : though  it  is  eafy  to  conceive  that  when  par- 
ticular cloudsj  or  different  parts  of  the  earth,  poffefs  op-. 
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pofite  elecb-'icitk’s,  a diicharge  will  take  place  within 
a certain  diilance  ; or  the  one  will  ilrike  into  the 
other,  and  in  the  difcharge  a flafli  of  Lightning  will  be 
feen.  Mr.  Canton  ei'ceries  whether  the  clouds  do  not 
become  poiTeiTed  of  electricity  by  the  gradual  l\eating 
and  cooling  of  the  air  ; and  whether  air  fuddenly  rare^ 
bed,  may  not  give  eledtric  fire  to  clouds  and  vapours 
paffing  through  it,  and  air  fuddenly  condenfed  receive 

cleCtric  fire  from  them. Mr.  Wiickc  fuppoles,  that 

the  air  contraCts  its  eleClricity  in  the  fame  manner  that 
fulphur  and  other  fubftances  do,  wdien  they  are  heated 
and  cooled  in  contaCt  with  various  bodies.  Thus,  the 
air  being  heated  or  cooled  near  the  earth,  gives  electri- 
city to  the  earth,  or  receives  it  from  it ; and  the  electri- 
fied air,  being  conveyed  upwards  by  various  means, 
communicates  its  eledfricity  to  the  clouds.— Others 
have  queried,  whether,  fmce  thunder  commonly  happen?} 
in  a fultry  date  of  the  air,  when  it  feems  charged  with 
fulphureous  vapours,  the  eleCfric  matter  then  in  the 
clouds  may  not  be  generated  by  the  fermentation  of 
fulpliureous  vapours  with  mineral  or  acid  vapours  in  the 


air. 

With  regard  to  places  of  fafety  in  times  of  thunder 
and  Lightning,  Dr.  Franklin’s  advice  is,  to  fit  in  the 
middle  of  a room,  provided  it  be  not  under  a metal  lui- 
trc  fufpended  by  a chain,  fitting  on  one  chair,  and 
laying  the  feet  on  another.  It  is  Hill  better,  he  fays, 
to  bring  two  or  three  mattreffes  or  beds  into  the  mid- 
dle of  the  room,  and  folding  them  double,  to  place 
the  chairs  upon  them  ; for  as  they  are  not  fo  good  con- 
ductors as  the  walls,  the  Lightning  will  not  be  fo 
likely  to  pafs  through  them  : but  the  fafefl  place  of 
all,  is  in  a hammock  hung  by  filken  cords,  at  an  equal 
' diilance  from  all  the  Tides  of  a room.  Dr.  Prieflley 
obferves,  that  the  place  of  moil:  perfeCt  fafety  muit  be 
the  cellar,  and  efpecially  the  middle  of  it ; for  when  a 
perfon  is  lower  than  the  furfacc  of  the  earth,  the  Light- 
ning rauil  ilrike  it  before  it  can  poffibly  reach  him.  In 
the  fields,  the  place  of  fafety  is  within  a few  yards  of 
a tree,  but  not  quite  near  it.  Beccaria  cautions  per- 
fons  not  always  to  truil  too  much  to  the  neighbour- 
hood  of  a higher  or  better  conduCior  than  their  own 
body  ; fince  he  has  repeatedly  found  that  the  Xiigh tiling 
by  no  means  defeends  in  one  undivided  track,  but  that 
bodies  of  various  kinds  conduCl  their  fnare  of  it  at  the 
fame  tim.e,  in  proportion  to  their  quantity  and  con- 
ducting power.  See  Franklin’s  Letters,  Beccaria’s 
Lettre  dell’  EllettricelTimo,  Prieilley’s  Hift.  of  Elec- 
tric., and  Lord  Mahon’s  Principles  of  EleCtricity. 

Lord  Mahon  obferves  that  damage  may  be  done  by 
Lightning,  not  only  by  the  main  ftroke  and  lateral  ex- 
plolion,  - but  alio  by  what  he  calls  the  returning  ftroke  ; 
by  which  is  meant  the  fudden  violent  return  of  that 
part  of  the  natural  ftiare  of  eleCtricity  which  had  been 
gradually  expelled  from  fome  body  or  bodies,  by  the 
fuperinduced  elaftic  eleCtrical  preflhre  of  the  elcClrlcal 
atmofphere  of  a thundercloud. 

Jlrtijicial  Lightning,  an  imitation  of  real  or  natu- 
ral Ijightning  by  gunpowder,  aurum  fulminans,  phof- 
phorus,  &c,  but  efpecially  the  laft,  between  which  and 
Lightning  there  is  much  more  refemblance  than  the 
ethers. 

Phofphoriis,  when  newly  made,  gives  a fort  of  arti- 
ficial Lightning  vifible  in  the  darkj  which  would  fur- 
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prife  thofe  not  ufed  to  fuch  a phenomenon.  It  is 
ufiial  to  keep  this  preparation  under  water  ; and  if  it 
is  deiired  to  fee  the  corrufeations  to  the  greateft  advan- 
tage, it  Ihould  be  kept  in  a deep  cylindrical  glafs,  not 
more  than  three  quarters  lifted  with  water.  At  times 
tlie  phofphorus  will  fend  up  corrufeations,  which  will 
pierce  through  the  incumbent  water,  and  expand  them- 
ielves  with  great  brightnefs  in  the  upper  or  empty  part 
of  the  glafs,  and  much  refembling  Lightning.  Tlie 
feafon  of  the  year,  as  well  as  the  nevvnefs  of  the  phof- 
phorus, mull  concur  to  produce  thefe  flailies ; for  they 
are  as  common  in  winter  as  Lightning  is,  though  both 
are  very  frequent  in  warm  weather.  The  phofphorus, 
while  burning,  acls  the  part  of  a corrofive,  and  when 
it  goes  out  refoives  into  a menftruum,  v/hich-diftblves 
gold,  iron,  and  otlier  metals  ; and  Lightning,  in  like 
manner,  melts  the  fame  fubftances. 

LIKE  Quantities,  or  Similar  ^lantitles,  in  Al- 
gebra, are  fuch  as  are  exprefted  by  the  fame  letters,  to 
the  fame  power,  or  equally  repeated  in  each  quantity  ; 
though  tlie  numeral  coefficients  may  be  different. 

Thus  4^  and  are  Like  quantities, 

as  are  alfo  '^a?‘  and  12^3*, 
and  alfo  6bxy'^  and  \ohxy'^. 

But  4^2  and  yL  or  &c,  are  unlike 

quantities ; becaufe  tliey  have  not  every  where  tlie 
fame  dimenfions,  nor  are  the  letters  equally  repeated, 
— Like  quantities  can  be  united  into  one  quantity,  by 
addition  or  fubtraflion  ; but  unlike  quantities  can  only 
be  added  or  fubtraffed  by  placing  the  figns  of  thefe 
operations  between  them. 

Like  Signs,  in  Algebra,  are  the  fame  figns,  either 
both  pofitive  or  both  negative.  But  when  one  is  poffi 
tive  and  the  other  nc>gative,  they  are  unlike  iigns. 

So,  + lah  and  + ycd  have  Like  figns, 
as  have  alfo  — ladc  and  — 2ax^  ; 
but  '^ab  and  — ycd  have  unlike  figns, 
as  alfo  — 2ax  and  '^ax. 

Like  Figures,  or  Jrches,  &c,  are  the  fame  as  Similar 
figures,  arches,  &c.  See  Similar. 

All  Like  figures  have  their  homologous  lines  in  the 
fame  ratio.  Alfo  Like  plane  figures  are  in  the  dupli-- 
cate  ratio,  or  as  the  fquares  of  their  homologous  lines 
or  fides  ; and  Like  folid  figures  are  in  the  triplicate 
ratio,  or  as  the  cubes  of  their  homologous  lines  or 
fides. 

LILLY  (William),  a noted  Englifh  aftrologer, 
born  in  Leicefterffiire  in  1602.  His  father  was  not 
able  to  give  him  farther  education  than  common  read- 
ing and  writing  ; but  young  Lilly  being  of  a forward 
temper,  and  endued  with  ftirewd  wit,  he  refolved  to 
pufh  his  fortune  in  London  ; where  he  arrived  in  1620, 
and,  for  a prefent  fupport,  articled  himfelf  as  a lervant 
to  a mantua-maker  in  the  parifti  of  St.  Clement  Lanes. 
But  in  1624  he  moved  a ftep  higher,  by  entering  into 
the  fervice  of  Mr.  Wright  in  the  Strand,  mailer  of  the 
Salters  company,  who  not  being  able  to  write,  Lilly 
among  other  offices  kept  his  books.  On  the  death  of 
his  mailer,  in  1627,  Lilly  paid  his  addreffes  to  the  wi- 
dow, whom  he  married  with  a fortune  of  icool.  Being 
now  his  own  mafter,  he  followed  the  bent  of  his  inclina- 
tions, which  led  him  to  follow  the  puritanical  preachers. 
Afterwards,  turning  his  mind  to  judicial  aftrology, 
in  1632  he  became  pupil,  in  that  art,  to  one  Evans,  a 
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profligate  Welili  parfon  ; and  tlie  next  year  gave  the 
public  a fpecimen  of  his  flcill,  by  an  intimation  that  the 
king  had  cholen  an  unlucky  horofcope  for  the  corona- 
tion in  Scotland.  In  1634,  getting  a manufcript  copy 
of  the  Ars  Noticia  of  Cornelius  Agrippa,  with  altera- 
tions, he  drank  in  the  doftrine  of  the  magic  circle,  and 
the  invocation  of  fpirits,  with  great  eagernefs,  and 
pradifed  it  for  fome  time  after  which  he  treated  the 
niyftery  of  recovering  llolen  goods,  &c,  with  great  con- 
tempt, claiming  a fupernatural  fight,  and  the  gift  of 
prophetical  predictions ; all  which  he  well  knew  how  to 
turn  to  good  advantage. 

Mean  v/hile,  he  had  buried  his  firft  wife,  purchafed 
a moiety  of  13  houfes  in  the  Strand,  and  married  a 
jecond  wife,  who,  joining  to  an  extravagant  temper  a 
termagant  fplrit,  which  he  could  not  lay,  m.ade  him 
unnappy,  and  greatly  reduced  his  circumftances.  With 
this  uncomifortable  yokemate  he  removed,  in  1636,  to 
Herfliam  in  Surrey,  where  he  llald  till  1641  ; when, 
feeing  a profpeCt  of  fifliing  in  troubled  waters,  he  re- 
turned to  London.  Here  having  purchafed  feveral  cu- 
rious books  in  this  art,  which  were  found  on  pulling 
down  the  houfe  of  another  adrologer,  he  ftudied  them 
. inceffantly,  finding  out  fecrets  contained  in  them, 
which  were  written  in  an  imperfect  Greek  character; 
and,  in  16445  pubhlhed  his  L'lerl'nivs  Anglicns^  an  al- 
manac, wdiich  he  continued  annually  till  his  death, 
and  feveral  other  aftrological  works  ; dovoting  his  pen, 
and  other  labours,  fometimes  to  the  king’s  party,  and 
iometlmes  to  that  of  the  parliament,  but  moltly  to  the 
latter,  railing  his  fortune  by  favourable  prediclions  to 
both  parties,  fometimes  by  prefents,  and  fometimes  by 
penfions  : thus,  in  1648,  the  council  of  Hate  gave 
him  in  money  50I.  and  a penfion  of  lool.  per  annum, 
which  he  received  for  two  years,  and  then  reiigned  it 
on  fome  dilguft.  By  his  advice  and  contrivance,  the 
king  attempted  feveral  times  to  make  his  efcape  from 
ills  cc.i-.'nement  : he  procured  and  fent  the  aqiia-fortis 
and  files  to  cut  the  iron  bars  of  his  prifon  windows  at 
Carifbrook  caftle  ; but  Hill  advifing  and  writing  for  the 
other  party  at  the  fame  time.  Mean  while  he  read 
public  leaureson  alfrology,  in  1648  and  1649,  ^^r  the 
impi'ovement  of  young  Itudents  in  that  art ; and  in 
fhort,  plied  his  bufmefs  fo  well,  that  in  1651  and  1652 
he  laid  out  near  2000I.  for  lands  and  a houfe  at  Herfliam. 

During  the  ficge  of  Colcheller,  he  and  Booker  were 
fent  for  thither,  to  encourage  the  foldiers  ; which  they 
did  by  affuring  them  that  the  town  would  foon  be  taken; 
which  proved  true  in  the  event. — Having,  in  1650, 
written  publicly  that  the  parliament  fliould  not  con- 
tinue, but  a new  government  arife  ; agreeably  to  which, 
in  his  almanac  for  1653,  he  aflTerted  that  the  parliament 
Hood  upon  a ticklifh  foundation,  and  that  the  commo- 
nalty and  foldiery  would  join  together  againlt  them. 
Upon  which  he  was  fummoned  before  the  committee 
of  plundered  mlnlHers  ; but,  receiving  notice  of  it  be- 
fore the  arrival  of  the  pieflenger,  he  applied  to  his 
friend  I.enthal  the  fpeaker,  who  pointed  out  the  of- 
fenlive  paflages.  He  immediately  altered  them  ; at- 
tended the  committee  next  morning,  with  6 copies 
printed,  which  fix  alone  he  acknowledged  to  be  his  ; 
and  by  that  means  came  oif  with  only  13  days  cuHody 
by  the  ferjeant  at  arms.  This  year  he  was  engaged  in 
a difpute  with  Mr.  Thomas  Gataker. — In  i66y  he  was 
'VoL.  II. 
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indidted  at  Hicks’s-hall,  for  giving  judgment  upon 
Holen  goods  ; but  was  acquitted.  And  in  1659,  he  re- 
ceived, from  the  king  of  Sweden,  a prefent  of  a o-old 
chani  and  medal,  worth  about  50I.  on  account  of  his 
having  mentioned  that  monarch  with  great  refpecl  in 
his  almanacs  of  1657  and  1658. — After  die  ReHoration. 
m 1660,  being  taken  into  cuHody,  and  examined  by 
a committee  of  the  houfe  of  commons,  touching  the 
execution ^of  Charles  the  iH,  he  declared,  that  Ro- 
bert Spavin,  then  Secretary  to  Cromwell,  dining  with 
him  foon  after  the  fadf,  afliired  himi  it  was  done  by  cor- 
net  Jo^ce.  Hie  fame  year  he  fued  out  his  pardon  under 
the  bioad  feal  of  England  ; and  afterwards  continued 
in  Eondon  till  i66y  ; when,  upon  the  raging  of  the 
plague  there,  he  retired  to  his  cHate  at  Heiiham.  Here 
he  applied  hiinlelf  to  the  Hudy  of  phylic,  having,  by 
means  of  his  fiiend  Elias  A-lhinole,  procured  from  a,rch- 
bifhop  Sheldon  a licence  to  pradife  it,  which  he  did,  as 
well  as  aHrology,  from  thence  till  the  time  of  his  death. 
— In  Odober  1666  he  was  examined  before  a commit- 
tee of  the  lioufe  of  commons  concerning  the  fire  of 
London,  which  happened  in  September  that  year.  A 
little  befoi  e his  death,  he  adopted  for  his  fon,  by  the 
name  of  Merlin  junior^  one  Henry  Coley,  a taylor  by 
trade  ; and  at  the  fame  time  gave  him  the  imprelfion  of 
his  almanac,  whicli  had  been  printed  for  36  years  fuc' 
ceifively.  This  Coley  became  afterwards  a celebrated 
aHrologer,  publifliing  in  his  own  name,  almanacs,  and 
books  of  aHrology,  particularly  one  intitled  A Kev  to 
AJlrology. 

Lilly  died  of  a palfy  1 68  i , at  79  years  of  age  ; and  his 
friend  Mr.  Aflimole  placed  a monument  over  his  grave 
in  the  church  of  Walton  upon  Thames. 

Ijilly  was  author  of  many  w'orks.  His  Objervaiions 
on  the  Life  and  Death  of  Charles  late  King  of  England ^ 
if  we  overlook  the  allrological  nonfenfe,  may  he^  read 
wu’th  as  much  fatisfadion  as  more  celebrated  hillories  ; 
Lilly  being  not  only  very'  well  informed,  but  Hridly 
impartial.  This  wmrk,  with  the  Lives  of  Ifilly  and 
Aflimole,  written  by  tlicmfelves,  were  publiflied  m one 
volume,  8vo,  in^  1774,  by  Mr.  Barman.  His  other 
Works  w'cre  principally  as  follow  ; 

I.  Merliniis  A nglicus  junior. — 2.  Supernatural  Sight. 

' — 3.  The  Wliite  King’s  Prophecy. — 4.  England’s 
Prophetical  Merlin  ; all  printed  in  1644.. — 5- 
Starry  Meffenger,  1645. — 6.  Colledion  of  Prophecies, 
1646. — 7.  A Comment  on  the  White  King’s  Prophe- 
cy, 1646.— S.  The  Nativities  of  ArchbiiTiop  Laud  and 
Thomas  carl  of  Strafford,  1646.— 9.  Chriilian  AHro- 
logy,  1647  : upon  this  piece  he  read  his  ledures  in 
1648,  mentioned  above. — ro.  The  third  book  of  Nati-- 

vities,^  1647. — II.  Tlie  World’s  CataHrophe,  1647 

12.  The  Prophecies  of  Am.brofe  Merlin,  witli  a Keyr, 
^647. — 13.  Trithemius,  or  the  Government  of  the 
World  by  Prefiding  Angels,  1647. — 14.  A treatife  of 
tlie  Three  Suns  feen  in  the  winter  of  1647,  printed  in 

1648. — Monarchy  or  no  Monarchy',  1651. 

16.  Obfervatlons  on  the  Life  and  DeathAf  Charles, 
late  king  of  England,  1671  ; and  again  in  1651,  with 
the  title  of  Ivir.  \Villiani  .Tjilly’s  True  PIiHory  of  king 
James  and  king  Charles  the  iH,  &c. — 17.  AiinnshPe. 
nebrofiis  ; or,  the  Black  Year.  This  drew  li'minto 
the  dilpute  with  Gataker,  which  Lilly  carried  on  in 
his  Almanac  in-i644. 
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LIMB,  the  outermoft.  border,  or  graduated  edge,  of  tion  or  pohtion.  f"  ”n<it'°the'dloSI^dif- 

a quadrant,  allrolabe,  or  fuch  like  mathematical  inftru-  of  it  a different  direction,  <.nd  lo  not  the  .hortc 


ment.  , . , . . 

The  word  is  alfo  ufed  for  the  arch  of  the  primi- 
tive circle,  in  any  projedfion  of  the  fphere  in  piano. 

Limb  alfo  fignifies  the  oiitennoll  border  or  edge  or 
the  fun  or  moon;  as  the  upper  Limb,  or  edge;  the 
lower  Limb  ; the  preceding  Limb,  or  fide  ; tne  follow- 
ing Limb. — Aftronomers  obferve  the  upper  or  lower 
Limb  of  the  fun  or  moon,  to  fmd  their  true  height,  or 
that  of  the  centre,  which  differs  from  the  others  by  the 
femidiameter  of  the  dile. 

LIMBERS,  in  ilrtillery,  a fort  of  advanced  train, 
joined  to  the  carnage  of  a cannon  on  a maren.  It  is 
compofed  of  two  (hafts,  wide  enough  to  receive  a horfe 
between  them,  called  the  jlllet  horfe  : thefe  fliafts  are 
joined  by  two  bars  of  wood,  and  a bolt  of  iron  at  one 
end,  and  mounted  on  a pair  of  rather  [mall  wheels. 
Upon  the  axle-tree  rifes  a Erong  iron  fpike,  which  is 
"Dut  into  a hole  in  the  hinder  part  of  the  train  of  the 
gun-carriage,  to  draw  it  by.  But  when  a gun  is  in 
abtion,  the  Limbers  are  taken  off,  and  run  out  behind 
it. — See  the  dimenfions  and  figure  of  it  in  Muller’s 
Treatife  of  Artillery,  pa.  187. 

LIMIT,  is  a term  ufed  by  mathematicians,  forfomc 
determinate  quantity,  to  which  a variable  one^  conti- 
nually approaches,  and  may  come  nearer  to  it  ^ than 
by  any  given  difference,  but  can  never  go  beyond  it  ; in 
which  fenfe  a circle  may  be  faid  to  be  the  Limit  of  all  its 
inferibed  and  circiimfcribed  polygons  : becaufe  thefe,  by 
increafing  the'  number  of  their  fides,  can  be  made  to  be 
nearer  equal  to  the  circle  than  by  any  fpace  that  can  be 
propofed,  bow  fmall  foever  it  may  be.  ^ 

In  Algebra,  the  term  Limit  is  applied  to  two  quanti- 
ties, of  which  the  one  is  greater  and  the  other  lefs  than 
fome  middle  quantity,  as  the  root  of  an  equation,  &c. 
And  in  this  fenfe  it  is  ufed  when  fpeaking  of  the  Li- 
mits of  equations,  a method  by  which  their  folution  is 
greatly  facilitated. 

Limit  of  DiJhvM  Vljton^  in  Optics.  See  Difllnct 
Vision. 

Limit  of  a Planet,  has  been  fometimes  ufed  for  its 
rrreateft  heliocentric  latitude. 

Limited  ProhIeT7i,  denotes  a problem  that  has  but. 
one  folution,  or  fome  determinate  number  of  foiiitions  ; 
as  to  deferibe  a circle  through  three  given  points  that 
do  not  lie  in  a right  line,  which  is  limited,  to  one  fo- 
lution only  ; to  divide  a^paralielogram  into  two  equal 
parts  by  a line  parallel  to  one  fide,  which  admits  of  two 
folutions,  according  as  the  line  is  parallel  to  the  length 
or  brcvadth  of  the  parallelogram  ; or  to  divide  a trian- 
gle in  any  ratio  by  a line  parallel  to  one  fide,  which  is 
limited  to  three  folutions,  as  the  line  may  be  parallel 
to  any  of  trie  three  Tides. 

LINE,  in  Geometry,  a quantity  extended  in  length 
only,  without  either  breadth  or  thicknefs. 

A Line  is  fometimes  confidered  as  generated  by  the 
flux  or  motion  of  a point  ; and  fometimes  as  the  limit 
or  termimition  of  a fuperficies,  but  not  as  any  part  of 
that  farfa«ce,  however  fmall. 

.Lines  are  either  right  or  cur^aed.  A right,  or 
ffxaight  Line,  is  the  nearcfl  diftance  between  two 
points,  which  are  its  extremes  or  ends;  or  it  is  a 
• J*ine  which  .bae  in  every  part  of  it  the  fame  direc- 


tance  between  its  extremes  or  ends. 

Right  Lines  are  all  of  the  fame  fpecies ; but  curves 
are  of  an  infinite  number  of  different  forts.  As  many 
may  be  conceived  as  there  are  different  compound  na- 
tions, or  as  many  as  there  may  be  different  relations  be- 
tween their  ordinates  and  ablciffes.  See  Curves. 

Again,  Lines  are  ufually  divided  into  geome- 

trical and  mechanical. 

Geometrical  Lines,  are  thofe  which  may  be  found  ex- 
actly in  all  their  parts.  See  Geometrical  Line^. 

Mechanical  Lines  are  fuch  as  are  not  deteimmea  ex- 
aaiy  in  all  their  parts,  but  only  nearly,  or  tenta- 
tively. But 

Des  Cartes,  and  his  followers,  define  geometrical 
Lines  to  be  thofe  which  may  be  expreffed  by  an  alge- 
braical equation  of  a determinate  or  finite  degree  ; called 
its  locus.  And  mechanical  Lines,  fuch  as  cannot  be  ex- 
preffed by  fuch  an  equation. 

But  others  diftinguifli  the  faiue  Lines  by  tiie  name 

algebraical  and  tranfcendental. 

Lines  arc  alfo  divided  into  orders,  by  ilewton,  ac- 
cording to  the  number  of  interfecfioiis  which  may  oe 
made  by  them  and  a right  Line,  viz,  th£  ifi,  2d,  3d, 
Ath,  &c,  order,  according  as  they  may  be  mit  by  a 
n^ht  I.ine,  in  i,  or  2,  or  3,  or  4,  &c,  points.  ^ in 
this  wav  of  confidering  them,  the  right  Line  only  is  of 
the  ill  order,  being  but  one  in  number;  tne  2d  older 
contains  4 curves  only,  being^  fuch  as  may  be  cut  from 
a cone  by  a plane,  viz,  the  circle,  the  eliipfe,  the  h)  - 
perbola,  and  the  parabola ; the  lines  of  the  3d  oidei 
have  been  enumerated  by  Newton,  in  a particular  trea- 
tife, who  makes  their  number  amount  to  72  ; but  Ixlr. 
Stirling  found  4 others,  and  Mr.  Stone  2 more  ; though 
it  is  difputed  by  fome  whether  thefe  2 laid  ought  to  be 
accounted  different  from  fome  of  Nmvton  s,  or  not. 
See  Newton’s  Eniimer.  Lin.  Teftii  Ordm.  alio  Stir- 
ling’s Linege  Tert.  Ordin.  Newtonianse  Oxon.  1717, 
8vo.  and  Philof.  Tranf.  number  456,  &c.  Again, 
Jlgehralcal  Lines  are  divided  into  different  orders  ac- 
cordincr  to  the  power  or  degree  of  their  equations.  So, 
the  fimple  equation  a by  cx  = o or  equation  of 
the  iff  degree,  denotes  the  iff  order  or  right  line  ; the 
equation  a + by  cx  dyy  -f  exy  -\-  fxx  — o,  of  the 
2d  degiee,  denotes  the  Lines  of  the  2d  order  ; and  the 

equation  , ^ , - , , , 

» + « + + + /j»r+ « 

of  the  degree,  exprefles  the  I.ines  of  the  3d  or...er  ; 
and  fo^on.  ^See  Cramer’s  Introd.  a I’Analyfe  des 
Lignes  Courbes. 

Lines,  confidered  as  to  their  pofitions,  aiC  Cither 
rallel,  perpendicular,  or  oblique.  And  the  conUi  uccion 
and  properties  of  each  of  thefe,  fee  under  the  lefpec- 

tive  terms,  i , ♦ 

Line  alfo  denotes  a French  meafure  of  length,  being 

the  1 2th  part  of  an  inch,  or  the  1 44th  part  oi  a foot. 

In  AJlronomy,  , -r  • . • • i 

Line  of  the  Jpfes,  or  Apf  des,  the  Line  joining  the 

two  apfes,  or  the  longer  axis  of  the  orbit  of  a planet. 

Fiducial  Line,  the  index  line  or  edge  of  the  ruler, 
which  paifes  through  the  middle  of  an  allrolabe,  or  other 
inflrument,  on  which  the  fights  are  fitted,  and  marking 

the  divifions.,  . 

horizontm 
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Hori%onfal  Lins,  a liine  parallel  to  the  horizoiu 

I.iNE  of  the  Nodes,  that  which  joins  the  nodes  of  the 
orbit  of  a planet,  being  the  common  fe61:ion  of  the 
plane  of  the  orbit  with  the  plane  of  the  ecliptic. 

In  Dialling, 

Horixontal  Line,  is  the  common  fedlion  of  the  hori- 
2on  and  the  dial-plate. 

Horarv,  or  Hour  Lines,  are  the  common  interfec- 
tlons  of  the  hour-circles  of  the  fphere  with  the  plane  of 
the  dial. 

EquinoBial  Line  is  the  common  interfeefion  of  the 
ec^uinodfial  and  the  plane  of  the  dial. 

In  Fortification,  Line  is  fometimes  iifed  for  a ditch, 
bordered  with  its  parapet : and  fometimes  for  a row  ot 
gabions,  or  facks  of  earth,  extended  Icngthwiie  on  the 
ground,  to  ferve  as  a Ihelter  againfl  the  enemy’s  lire. 

When  the  trenches  were  carried  on  within  30  paces 
of  the  glacis,  they  drew  two  Lines,  one  on  the  right,' 
and  the  otlier  on  the  left,  for  a place  of  arms. 

Ihnes  are  commonly  made  to  Ihnt  up  an  avenue  or 
entrance  to  feme  place  ; the  lides  of  the  entrance  being 
covered  by  rivers,  woods,  mountains,  morafics,  or  other 
obllrudions,  not  eafy  to  be  palTed  over  by  an  army. 
\Vhen  thev  are  conllrufted  in  an  open  country,  they 
are  carried  round  the  place  to  be  defended,  and  refem- 
ble  the  Lines  furrounding  a camp,  called  Lines  of  cir- 
cumvallation.  Lines  are  alfo  thrown  up  to  (top  tlie 
progrefs  of  an  army  ; but  the  term  is  moll  ufed  tor 
the  Line  wdiicli  covers  a pafs  that  can  only  be  atti^cked 
in  front. 

When  lines  arc  made  to  cover  a camp,  or  a large 
tracl  of  land,  where  a conliderable  body  ot  troops  is 
polled,  the  work  is  not  made  in  one  llraight,  or  uni- 
formly bending  Line  ; but,  at  certain  didances,  the 
Lines  project:  in  faliant  angles,  called  redeiits,  redans, 
or  flankers,  towards  the  enemv.  I'he  dillance  between 
thefe  angles  is  commonly  between  tlie  limits  ot  200 
find  260  yards  ; the  ordinary  flight  of  a mullcct  ball, 
point  blank,  being  commonly  within  thofe  limits ; 
thouerh  muLets  a little  elevated  will  do  effect ual  fervlce 

O ^ 

at  the  diflance  of  36c  yards. 

Fundamental  Line,  is  the  firil  I.ine  drawn  for  the 
plan  of  a place,  and  which  fliews  its  area. 

Central  Line,  is  the  Line  drawn  from  the  angle  of 
the  centre  to  the  angle  of  the  batlion. 

Line  of  Defence,  See.  vS ee  D e f e x c e 5c: c. 

IJne  of  Approach,  or  Attack,  fignifics  the  work  which 
the  befiegers  carry  on  under  cover,  to  gain  the  moat, 
and  the  body  of  the  place. 

Line  of  Circummallation,  is  a Line  or  trench  cut  by 
the  befiegers,  wdthin  cannon-fliot  of  the  place,  wliich 
ranges  round  the  camp,  andfecurcs  its  quarters  agalail 
any  relief  to  be  brought  to  the  befieged. 

Line  of  Cnntra^caUation,  is  a ditcli  bordered  with  a 
parapet,  ferving  to  co\er  the  beliegeis  on  the  lide  next 
the  place,  and  to  ftop  the  failles  of  the  garriton. 

Lines  of  Communication  are  thofe  which  run  from  one 
work  to  another. 

lAne  of  the  Bafe,  is  that  which  joins  the  points  of  the 
two  neared,  badions. 

To  Line  txworh,  fignides  to  face  it,  as  with  brick  or 
done  ; for  example,  to  drengthen  a ramjjart  with  a hnn 
wall,  or  to  encornpals  a parapet  or  moat  with  good 
turf,  Sec. 


Line,  in  Geography  and  Navigation,  is  emphatic 
' cally  ufed  for  the  Equator  or  Equinodlial  Line. 

The  feamen  ufe  to  baptize  their  fredi  men,  and  paf- 
fengers,  the  fird  time  they  crofs  the  Line  : that  is,  to 
dip  them  in  thefea,  fufpended  by  a rope  from  the  yard- 
arm,  unlefs  they  compound  tor  it,  by  giving  fomething 
to  drink. 

In  PerfpeBive, 

The  Geometrical  Line,  is  a right  Line  drawn  in  arv 
manner  on  the  geometrical  plane. 

LerreflriaJ  or  Fundamental  Line,  is  the  common  in- 
tcrfeidion  of  the  geometrical  plane  and  plane  of  the 
picture. 

Line  of  the  Front,  is  any  Line  parallel  to  the  terref- 
trial  Line. 

Vertical  Line,  is  the  feCllon  of  the  vertical  and  draft 
planes.  . © 

Vifual  Jane,  is  the  Line  or  ray  conceived  to  pai?*- 
from  the  objeCl  to  the  eye. 

Ohjettive  Line,  is  an)'  June  drawn  on  the  geometrierd 
plane,  whofe  reprcientation  is  fought  for  in  the  draught 
or  picture. 

Line  of  Meafures,  is  ufed  by  Oiightrcd,  and  others, 
to  denote  the  diameter  of  the  primitive  circle,  in  the  pro- 
iection  of  the  fjihere  in  piano,  or  that  Line  in  which 
falls  the  diameter  of  any  circle  to  be  projc'ded. 

Li X E A R N u M R E R s , arc  fuch  as  h ave  relation  to  length 
only  ; fuch,  for  example,  as  exprefs  one  lide  of  a plane 
dgure  ; and  wlicn  the  plane  figure  is  a Iquare,  tnc 
linear  number  is  called  a root. 

Linear  Problem,  is  one  that  can  be  folved  geome- 
trically by  the  interfcilition  of  two  right  lines.  This  is 
called  a fimple  problem,  and  is  capable  of  only  one  fo- 
lution. 

ITQllID,  a fluid  which  wets  or  fmears  fuch  bodies 
as  arelmmerfed  in  it,  arilingfrom  fome  configuration  ot 
its  particles,  winch  diipofes  them  to  adliere  to  the  fur- 
faces  of  bodies  contiguous  to  their. ^ 1 bus  water,  oil, 

milk.  See,  are  .1.iU|uk18,  as  wen  as  fluids  ; but  quickfil- 
ver  is  not  a I..iquid,  but  fimply  a fluid. 

LISLE  (William  dl),  a very  learned^  French 
geographer,  was  born  at  Pans  111  1675.  LIis  father 
being  much  occupied  in  the  fame  -way,  young  Liflc 
began  at  9 years  of  age  to  draw  maps,  and  fogii  .made 
a groat  progrefs  in  this  art.  In  1^99  he  firll  diRin- 
guilhed  liimfelf  to  the  public,  by  giving  a map  of  the 
world,  and  other  pieces,  which  procured  him  a place 
in  the  .Academy^  of  Sciences,  1702.  He  was  after- 
wards appointed  geographer  to  the  king,  with  a pen- 
fion,  and  had  the  honour  of  inflrufting  the  kmg  him- 
felf  in  geography,  for  whofe  particular  ufe  he  drew  up 
feveral  w^oi'ks.  He  Lille’s  reputation  was  10  great, 
that  fcarcely  any  hiflory  or  travels  came  out  wmioiit 
the  embell  1 fhment  of  his  maps.  Nor  ivas  Ins  name  lefs 
celebrated  abroad  than  in  his  o^vn  country.  Many  fo- 
vereigns  111  vinii  attempted  to  draiv  him  out  of  iiance. 
The  Czar  Peter,  when  at  Paris  on  his  travels,  pahnnra 
a vifit,  to  communicate  to  him  fome  remafks  upon  Muf- 
covy  ; but  more  cfpecially,  fays  Fontenelle,  to  learn 
from 'him,  better  than  he  could  any  wlicre  clfe,  the 
extent  and  fituatioii  of  his  own  dominions.  He  Ihific 
died  of  an  apoplexy  in  1726,  at  51  years  of  age. 
Pefide  the  excellent  maps  he.  publiflied,  he  wrote 
G 2 
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niany  pieces  in  the  Memoirs  of  the  Academy  of 
Sciences. 

LIST,  or  Listel,  a fmall  fqnare  moulding,  ferv- 
ing  to  crown  or  accompany  larger  mouldings  ; or  on 
occafion  to  leparate  the  fliitings  of  columns. 

LITERxTL  Algebra.  See  Algebra. 

LIZARD,  in  Allronomv.  See  Lacerta. 

LOADSTONIL  or  Magnet  ; which  fee. 

LOCAL  Prohletn,  is  one  that  is  capable  of  an  infi- 
nite number  of  different  folutions  ; becaufe  the  point, 
which  is  to  folve  the  problem,  may  be  indifferently 
taken  within  a certain  extent ; as  iuppofe  any  where  in 
fuch  a line,  within  fuch  a plane  figure,  &c,  which  is 
called  a geometrical  Locus, 

A Local  problem  is  fimple^  when  the  point  fought 
is  in  a right  line  ; plane^  when  the  point  fought  is  in 
the  circumference  of  a circle;  folicJy  when  it  is  in 
the  circumference  eff  a conic  fedtioii  ; or  furfolid, 
when  the  point  is  in  the  perimeter  of  a line  of  a 
higher  kind. 

Local  Motion,  'or  Loco-Motion^  the  change  of 
place:  See  Motion. 

LOCI,  the  plural  of  Locus,  which  fee. 

LOCUS,  is  tome  line  by  which  a local  or  indeteriTxi- 
nate  problem  is  folv^d  ; or  a line  of  which  any  point 
may  equally  folve  an  indeterminate  problem. 

Loci  are  expreiled  by  algebraic  equations  of  differ- 
ent orders  according  to  the  nature  of  the  Locus.  If  the 
equation  is  conftrudled  by  a right  line,  it  is  called  Lo- 
cus ad  reBum  ; if  by  a circle.  Locus  ad  circidum  ; if  by 
a parabola.  Locus  ad parabolam  ; if  by  an  ellipfis,  Locus 
ad  eUipJim  ; and  fo  on. 

The  Loci  of  fuch  equations  as  are  right  lines  or  cir- 
cles, the  ancients  called  plane  loci ; and  of  thofe  that 
are  conic  fedlions,  fol'id  loci ; but  fuch  as  are  curves  of 
a higher  order,  furfolid  loci.  But  the  moderns  diftin- 
guifii  the  I^oci  into  orders  according  to  the  dimenfions 
of  the  equations  by  wTich  they  are  expreffed,  or  the 
number  of  the  powers  of  indeterminate  or  unknown 
quantities  in  any  one  term  : thus,  the  equation 

a.y  — hx  q-  c denotes  a Locus  of  the  iff  order, 
buty^  <v.r,  or  ax  — &c,  a Jf-ocus  of  the  2d  order, 


mdy' 


(2  V,  or 


■ ax'^  — x^,  &c,aLocusofthe  3d  order. 


PQj^y,  continually  changing  its  pofition  by  moving- 
parallel  to  itfelf  along  the  indefinite  line  AP  ; alfo  in 
the  line  AP  affume  AB  =r:  a,  and  from  B draw  BC 
parallel  to  PQjmd  ~ h : then  the  indefinite  line  AQ^ 
is  called  in  general  a geometrical  Locus,  and  inparticu- 

hcc 

lar  the  Locus  of  the  equation  y ~ — ; for  whatever 


a 


point  Q is,  the  triangles  ABC,  APQ  are  always  fimi- 
lar,  and  therefore  AiB  ; BC  : ; AP  : PO  , that  is- 

lux  . ' 

a \ h \ \ X \ yy  and  therefore  y istheequa-- 


a 

tion  to  the  right  line  AQ^  or  AQJs  the  .Locus  of  the 

. hx 

equation  y — . 

Again,  if  AQ^bs  a parabola, 
the  nature  of  wdiich  is  fuch,  that 
AB  : AP  : : BC*  : PQ},  or 
a,  \ X \ \ P \ y*,  and  therefore 

X 

is  the  equation  which 


y^  = 


a 


has  the  parabola  for  its  Locus,  or 
the  parabola  is  the  Locus  to 
every  equation  of  this  form 
Px 

yZ  ~ 


a 


Or  ifiAQ^  be  a circle,  having 
its  radius  AB  rr  the  nature 
of  which  is  this,  that  P(D  rn; 

AP  . PD,  ory*-  = A . 2a--  x 
or  lax  — ; therefore  the  Lo- 

cus of  the  equation  of  this  form 
y*  ~ lax  — A*,  is  always  a cir- 
cle. 

In  like  manner  it  will  appear,  that  the  ellipfe  is- 

...  

the  Locus  to  the  equation  y^  = — x tx  — .v", 

i 

and  the  hyperbola  the  Locus  to  the  equation 


2 — 


X tx  4-  X*- ; 


where  t is  the  tranfverfe,  and . c 


and  fo  on  ; where  x and  y are  unknown  or  indetermi- 
nate quantities,  and  the  others  known  or  determinate 
ones;  alfo  x demotes  the  abfeifs,  and  y the  ordinate 
of  the  curve  or  line  which  is  the  Locus  of  the  equa- 
tion. 

For  inftance,  fuppofe  two,  variable  or  indeterminate  right 
lines  AP,  AQ,  making  any.  given. angle  PAQJ^etween 


hx  hx 

c ; qthy  = ; 

(Z  Cl 


them,  wLere  they  are  fuppofed  to  commence,  and  to 
extend  indefinitely  both  ways  from  the  point  A : then 
calling  any  AP,  ^5,  and  its  conefponding  ordinate 


the  conjugate  axis  of  the  ellipfe  or  hyperbola. 

Aril  equations,  whofc  Loci  are  of  the  firff  order,, 
may  be  reduced  to  one  of  the  4 following  forms  ; 

I Ity  r=  — ; 2 dy  = f r ; 3 dy 

where  the  letter  c denotes  the  diftance  that  the  ordi- 
nates commence  from  the  line  AP,  either  on  the  one 
fide  or  the  other  of  it,  according  as  the  fign  of  that 
quantity  is  4-  or  — . 

Ail  Loci  of  the  2d  degree  are  conic  fedfions,  viz,  , 
either  the  parabola,  the  circle,  ellipfis,  or  hyperbola*. 
Therefore  w hen  an  equation  is  given,  whofe  Locus  is  of 
the  2d  degree,  and  it  is  required  to  draw  that  Locus, 
or,  which  is  the  fame  thing,  to  conffrudf  the  equation  > 
generally;  bring  over  aU  the  terms  of  the  equation  to  one 
fide,  fo  that  the  other  fide  be  o ; then  to  know  which  'of 
the  conic  fedtions  it  denotes,  there  will  be  two  general 
cafes,  viz,  either  when  the  redlangle  xy  is  in  the  equa- 
tion, or  when  it  is  not  in  it. 

Cafe  I.  When  the  term  xy  is  not  in  the  propofed 
equation.  Then,  iff,  if  only  one  of  the  fquares-: 


LOG 


LOG 
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be  found  in  it,  tbe  I^ocuf  will  be  • a parabola. 
2d,  If  both  the  fouares  be  in.it,  and  if  they  have  the 
fame  fign,  the  Locus  will  be  a circle  or  an  eliipfe. 
^d,  But  if  the  iigns  of  the  fquares  a*,  be  dlfi'erent, 
the  Locus  will  be  an  hyperbola,  or  the  oppofite  hyper- 
bolas. 

Cafe  2.  When  the  reclangle  xy  is  in  the  propofed 
equation;  then  ill,  If  neither  of  the  fquares  or 

only  one  of  them  be  in  the  equation,  the  Locus  will 
be  an  hyperbola  between  the  alymptotes.  2d,  If  both 
A--  andy^  be  in  it,  having  different  figns,  the  Locus 
will  be  an  hyperbola,  having  the  abfciffes  on  its  diame- 
ter. 3d,  If  both  the  fquares  be  in  it,  and  with  the 
fame  frgn,  then  if  the  coelhcient  of  be  greater  than 
the  fquare  of -half  the  coefhcient  of  Ay,  the  Locus  will 
be  an  eliipfe  ; if  equal,  a parabola  ; and  if  lefs,  an  hy- 
perbola. 

This  method  of  determining  geometric  I^oci,  by  re- 
ducing them  to  the  moft  compound  or  general  equa- 
tions, was.  hrll  publifhed  by  Mr.  Craig,  in  his-  Treatife 
on  the  Qiiadrature  of  Curves,  in  1693.  explained 

at  large  in  the  7th  and  8th  books  of  PHofpital’s  Conic 
Se.clions.  See  this  [fubjedl  particularly  illullrated  in 
Maclaurin’s  Algebra.  The  method  of  Des  Cartes,  of 
finding  the  Loci  of  equations  of  the  2d  order,  is  a 
good  one,  viz,  by  extracting  the  root  of  the  equation. 
See  his  Geometry  ; as  alfo  Stirling’s  Illuflratio  Linea- 
rum  Tertii  Ordinis.  The  dodlrine  of  thefe  Loci  is 
iikewife  w.eil  treated  by  l.)e  Witt  in  liis  Elementa  Cur- 
varum.  And  Bartholomasus  Intieri,  in  his  Aditus  ad 
Nova  Arcana  Geometrica  delegenda,  has'flietvn  how.  to 
find  the  Loci  of  equations  of  the  higher  orders.  JVIi'- 
Stirling  too,  in  his  treatife  above-mentioned,  has  given 
an  example  or  two  of  finding  the  Imci  of  equations 
of  3 dimenfions.  Euclid,  Apollonius,  Arift^ens,  Fer- 
mat, Vlvianl,  have  alio  written  on  the  fubjedt  of 
Loci. 

LOG,  in  Navigation,  is  a piece,  of  thin  board,  of 
a federal  or  quadrantal  form,  loaded  in  the  circular 
fide  with  lead  fufficient  to  make  it  fy  im  upright  in 
the  water;  to  which  is  fallened  a line  of  about  150 
fathoms,  or  300  yards  long,  called  the  Img-line,  which 
is  divided  into  certain  fpaces,  called  Knots,  and  wound 
on  a reel  which  turns  very  freely,  for  the  line  to  wind 
eafily  ofh 

The  life  of  the  Log,  or  Log-line,  is  to  meafure 
the  velocity  of  the  fiiip,  or  rate  at  which  fiie  runs, 
which  is  done  from  time  to  time,  as  the  foundation 
upon  which  the  fnip’s  reckoning,  or  finding  her  place, 
is  kept ; and  the  pradlce  is  to  heave  the  Log  into  the 
fea,  with  the  line  tied  to  it,  and  obferve  how  much 
of  the  line  is  run  off  the  reel,  while  the  fhlp  fails,  during 
the  fpace  of  halffa  minute,,  which  time  is  meafured  by 
a faiid-glafs  made  to  run  that  time  very  exadly. 
About  10  fathoms  of  ftray  or  wafte  line  is  left  next 
the  Log  before  tlie  knotting  or  counting  commence, 
that  fpace  being  ufuaily  allowed  to  carry  the  Log  out 
of  the  eddy  of  the  (hip’s  wake. 

The  ufing  of  the  Log  for  finding  the  velocity,  of 
the  (hip,  is  called  Heaving  the  and  is  thus  per- 

formed : One  man  holds  the  reel,  and  another  the  half- 
minute glafs  ; an  officer  of  the  watch  throws  the  Log 
over  the  (hip’s  ffern,  on  the  lee-fide,  and  when  he  ob- 
ffirves  the  ffray  line,  and  the  firff  mark  is  going 


] 

he  cries  turn  ! when  the  glafs-holder  inffantly  turns  the 
glafs  crying  out  done ! then  watching  the  glafs,  the 
moment  it  is  run  out  he  fays  flop  ! upon  which  the  reel 
being  quickly  ftopt,.  the  laiL  mark  run  off  (hews  the 
number  of  knots,  and  the  diffance  of  that  mark  from 
the  reel  is  eftimated  in  fathoms  : then  the  knots  and 
fathoms  together  (liew  the  diffance  run  in  half  a mi- 
nute, or  the  diffance  per  hour  nearly,  by  confiden’ng 
the  knots  as  miles',  and  the  fathoms  as  decimals  of  a 
mile  : thus  if  7 knots  and  4 fathoms  be  obferved,  then 
the  (liip  runs  at  the  .rate  of  7*4  miles  an  hour.- 

It  follows,  therefore,  that  the  length  of  each  knot, 
or  diviffon  of  the  line,  ought  to  be  the  fame  part  of 
a fea  mile,  as  half  a miniit-j  is  of  an  hour,  that  is  rlcth 
part.  Now  it  is  found  that  a'  degree  of  the  meridian 
contains  nearly  366,000  feet,  therefore  of  this,  or 
a nautical  mile,  will  be  6100  feet  ; the  c^h  of  which, 
or  51  feet  nearly,  (liould  be  tlie  length  of  each  knot,, 
or  divifion  of  the  Log-line.  But  bccaufe  it  is  fafer 
to  have  the  reckoning  rather  before  the  (hip  than  after 
it,  therefore  it  is  iifual  now  to  make  each  knot  equal  to 
8 fathoms  or  48  feet.  But  the  knots  are  made  fome- 
times  to  contain  only  42  feet  ; and  this  method  of 
dividing  tlie  Log-line  was  founded  on  the  fuppofition,. 
that  60  miles,  of  yooo  feet  each,  made  a degree  ; for 
y of  5000  is  41  Z , or  in  round  numbers  43  feet.  And 
although  many  mariners  find  by  experience  that  this 
length  of  the  knot  is  too  fliort,  yet  rather  than  quit 
the  old  way,  they  ufe  fand-glaiTes  for  half-minute  ones 
that  run  only  24  or  25  feconds.  The  fand,  or  half- 
minute glafs,  may  be  tried  by  a pendulum  vibrating 
fcconds,  in  the  following  manner : On  a round  nail  or 
peg,  hang  -a  thread  or  fine  firing  that  has  a muflcet 
ball  fixed  to  one  end,  carefully  nieafuring  between  the 
centre  of  the  ball  and  the  (Iring’s  loop  over  the  nail 
395-  inches,  being  the  length  of  a fVcond  pendulum; 
then  make  it  fwing  or  vibrate  vefj^  fmail  arches,  and 
count  one  for  every  time  it  paffes  under  the  naff,  be- 
ginning at  the  fecond  time  it  paffes;  and  the  number- 
of  fwings  made  during  the  lime  the  glafs.  is  running 
out,  (lievvs  the  feconds  in  the  glafs* 

It  is  not  known  ivho  was  the  inventor  of  this 
method  of  meafuring  the  (liip’s  way,  or  her  rate  of 
failing  ; but  no  mention  of  it  occurs  till  the  year  1607,. 
in  an  Eaft-India  voyage,  publidied  by  Purchas  ; and 
from  that  time  its  name  occurs  in  other  voyages  in  his- 
colledlions  ; after  which  it  became  famous,  being  no- 
ticed both  by  our  own  authors,  and  by  foreigners  ; as 
by  Gunter  in  1623;  Snellius,  in  1624;  Metius,  in 
1631  ; Oughtred,  in  1633. ; lierigone,  in  1634  ; Salton- 
ffall,  in  1636  ; Norwood,  in  1637  ; Fournier,  in  1643  > 
and  ahnoit  all  the  fucceeding  writers  on  navigation  of* 
every  country.  Various  improvements  have  lately  been, 
made  of  this  inffrument  by  different  perfons. 

LOGARITHM,  from  the  Greek  ratloy  and 
numler ; q.  d.  ratio  of  numbers,  or  perhaps 
rather  number  of  ratios  ; the  indices  of  the  ratios  of 
numbers  to  one  anodier  ; or  a feries  of  numbers  in- 
arithmetical  proportion,  correfponding  to  as  many 
others  in  geometrical  proportion,  in  fuch  fort  that  o 
correfporids  to,  or  is  the  index  of  i,  in  tlie  geometri- 
cals.  They  have  been  devifed  for  the  eafe  of  large  ■ 
arithmeticJil  calculations. . 
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Thus, 


0 , 

I , 

2 , « 3 , 

jfu  y C j ; 11  * 

f ^ ’ 

2 , 

4 , b , 

1 6 , S:c,  ^ 

} or  2'^, 

2b 

2bf  27 

'T  4 A'  C 1 
- , evL, 

I ^ ’ 

3 > 

9 » 27  , 

8 1 , See,  9 

’[  or  30, 

3b 

,2  0 3 . 

0 » 0 > 

3^  , &c,  1 

i ^ » 

1 0, 

100,  1000, 

10000,  Sec,  \ 

or  10°, 

1 -N  * 

10^,  io3  , 

10-^  , 5:c,J 

d\ces  or  Loccsrithms, 


num- 


bers. 
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jor  any  geometric  fenes  ; and  from  v/liich  it  is  evi- 
dent, that  there  may  be  an  endlefs  variety  of  fets  of 
J^ogaritlims  to  the  fame  common  mimoers,  by  varying 
the  2d  term  2,  or  3,  or  10,  &c  of  the  geometric  feries^; 
as  this  will  change  the  original  feries  of  terms  whofe 
Indices  are  the  numbers  i,  2,  3,  &c  ; and  by  interpo- 
lation the  whole  fyllem  of  numbers  may  be  made  to 
enter  the  geometrical  feries,  and  receive  tlieii-  propor- 
tional Logarithms,  whether  integers  or  decimals. 

Or  the  Loganthm  of  any  given  number,  is  .the  index 
of  fuch  a power  of  fome  other  number,  as  is  equal  to 
the  given  one.  So  if  N be  = r%  then  the  Logarithm 
of  N is  riy  which  may  be  either  pofitive  or  negative, 
and  r any  number  whatever,  according  to  the  differ- 
ent fyilems  of  I.ogavitlims.  When  N is  i,  then  n is 
n::  o,  whatever  the  value  of  r is  ; and  confequently 
the.  Logarithm  of  I is  always  o in  every  fydem  of 
logarithms.  When  n is  — i,  then  N is  r ; con- 
fequently  the  root  r is  always  tlic  number  whofe 
Logarithm  is  i , in  every  fyidem.  When  r is  — 
.27 18281828459'  8:c,  the  indices  are  the  hyperbolic 
'Logarithms  ; fo  that  n is  always  the  hyperbolic  Loga- 
rithm of  2718  But  in  the  common  Loga- 

rithms, r is  = 10;  fo  that  the  common  Logarithm  of 
any  number,  is  the  index  of  that  power  of  10  v/hich 
ti -equal  to  the  Lid  number ; fo  the  common  Logarithm 
of  N — lo%  is  n the  index  of  the  power  of  10  ; for 
example,  1000,  being  the  3d  power  of  10,  has  3 for 

^ , 1'65897 

its  Logarithm  ; and  if  50  be  =-  lo  , then  is 
y‘69897  the  common  Logarithm  of  50.  And  hence 
it  follov/s  that  this  decimal  feries  of  termis 

ICOO,  100,  10,  1 , *1,  'OI,  ’001, 

- 1 - ~ - ? 
or  io3  , 10'',  loS  107  10  ,10  ,10  , 

have  3 , 2-  , I , o , — I,  -—2,-3, 

refpcdlvely  for  the  Logarithms  of  thofe  terms. 

The  Loganthm  of  a number  contained  between  any 
two  terms  of  the  firft  feries,  is  included  between  the 
it  wo  correfponding  terms  of  the  latter;  and  therefore 
that  .Logarithm  will  confift  of  the  fame  index,  whether 
pofitive  or  negative,  as  the  fmaller  of  thofe  two  terms, 
together  with  a decimal  fraction,  which  will  always  be 
pofitive.  So  the  number  50  falling  between  10  and 
100,  its  Logarithm  will  fall  between  1 and  2,  being  in- 
deed equal  to  I -69897  nearly  : alfo  the  number  -05 
falling  between  the  terms  *1  and  *01,  its  Logarithm 
will  fall  between  — - i and  — 2,  and  is  indeed 
^ — 2 + '69897,  the  index  of  the  lefs  term  togetlicr 
with  the  decimal  -69897.  The  index  is  alfo  called  the 
Charadleriftic  of  the  I^ogarithms,  and  is  always  an  in- 
teger, either  pofitive  or  negative,  or  elfe  o;  and  it 
fnews  what  place  k occupied  by  the  firft  fignificant 
figure  of  the  given  number,  either  above  or  below  the 
•place  of  units,  being  in  the  former  cafe  -f  or  pofitive  ; 
in -the  latter  -i.  or  negative. 


When  the  charaCteriftic  of  a Logarithm  is  negative, 
the  figii  — is  commonly  fet  over  it,  to  dillinguidr  it 
from  the  decimal  part,  vvhich,  being  the  Logarithm 
found  in  the  tables,  is  always  pofitive  : fo  — 2 -{- 
•69897,  or  the  Logarithm  of  *05,  is  written  thus- 

2*69897.  But  on  iome  occafions  it  is  cons'enient  to 
reduce  the  wdiole  expreifion  to  a negative  form  ; which 
is  done  by  making  the  charaCteritlic  lefs  by'  i,  and 
taking  the  arithnidica!  complement  of  the  decimal,  that 
is,  beginning  at  the  left  hand,  fubtrafl  each  ngure 
from  9,  except  the  lafl  fignihcant  figure,  which  is 
fubtracled  from  10  ; fo  fliall  the  remainders  form  the 
logarithm  wholly  negative  ; thus  the  Logarithm  of 

*05,  which  is  2-69897  or  ~ 2 -f  ’69897,  is  alfo  ex- 
prefied  by  — 1*^0103,  which  is  all  negative.  It  is  alio 
fometirnes  thought  more  convenient  to  exprefs  fuch 
Logarithms  entirely  as  pofitive,  namely  by  only  joining 
to  the  tabular  decimal  the  complement  of  the  index 
to  lo  ; and  in  this  w'ay  the  above  Logarithm  is  ex- 
prelTed  by  8*69897  ; which  is  only  iacreafmg  the 
indices  in  the  fcale  by  10. 

The  Properties  of  Logarkhnis. — From  the  definition 
of  Logarithms,  either  as  being  the  indices  of  a feries  of 
geometricals,  or  as  the  indices  of  the  pow-ers  of  the  fame 
root,  it  follows  that  the  multiplication  of  the  numbers 
will  anfwer  to  the  addition  of  their  Logarithms  ; the 
divifion  of  numbers,,  to  the  fubtradfiou  of  their  Lo- 
garithms; the  raifing  of  powei's,  to  the  multiplying 
the  Logarithm  of  the  root  by  the  index  of  the  power  ; 
and  the  extracfing  of  roots,  to  the  dividing  the  Lo- 
garithm of  the  given  number  by  the  index  of  the 
,root  required  to  be  extradled. 

So,  id, 

hLog.  ab  or  of  a!  X h k 
X^iOg.  1 8 or  of  3 X 6 is 
Log.  5 X 9 X 73  is 

Secondly, 

Log,  a b Is  = log.  a — log.  bf 

Log.  18  “6  is  = log.  18  — log.  6, 

Log.  79  X s -kg  f =---Jog*  79  + ^og*  5,~  %*9» 

Log.  4;  or  I ■ 

..  I 
Log.  — or  X 


log.  a "f  log. 
log.  3 L log.  6, 
log.  5 -k  log.  9 


f 


73^ 


2 is  =1. 1 — 1.  2 = 
Li  —\.n. 
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n IS 


1.  2 

1. 


1.  2, 


n 

Thirdly, 


Log.  t 


,.n 


IS 


n 


1.  r ; Log.  r " or  of  ^/r  is 
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Log.;-**  is 
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I. 


Log. 


2®  is 


61. 2 ; lor.  2^  or 


1. 


r • 
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of  .^2  is  — I 1.  2 ; and  Ia)g.  2"'  is  = f b 2. 

So  that  any  number  and  its  reciprocal  have  the  fame 
Logarithm,  but  with  contrary  figns  ; and  the  fum  oi 
the  Logarithms  of  any  number  and  its  reciprocal,  or 
complement,  is  equal  to  o. 

H'ijlory  and  CotflniHlon  of  Logarithms. — The  proper- 
ties of  Logarithms  hitherto  mentioned,  or  of  arith- 
metical indices  to  powers  or  geometricals,  with  their 
various  ufes  and  properties,  as  above-mentioned,  ai 
taken  notice  of  by  Stifelius,  in  his  Aritlimetic  ; an 
indeed  they  were  not  unknown  to  the  ancients  ; but 
they  come  all  Ar  flioit  of  the  ufe  of  Logarithms  in 
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Trigonometry,  ns  firfl  difcovsred  by  John  Napier, 
baron  of  Merchii'lon  in  Scotland,  and  publidied  at 
Edinburgh  in  i(5i4,  in  liis  Mifihci  Logarithmorum 
Canonis  Defcnptlo  ; which  contained  a large  canon 
of  Logarithms,  with  the  defcription  and  ufes  of 
them  ; but  their  conhruflion  was  referved  till  the 
fenfe  of  the  Learned  concerning  his  invention  fliould 
be  knoavn.  This  work  was  tranflatcd  into  Englidi 
by  tlie  celebrated  Mr.  Edward  Wright,  and  pub- 
lilhed  by  his  fon  in  1616.  In  the  year  1619,  Robert 
Napier,  fon  of  the  inventor  of  X^ogaiithms,  publilhed 
a new  edition  of  his  late  father’s  work,  together  with 
the  promifed  Conilrudlion  of  the  Logarithms,  whth 
other  miicellaneous  pieces  written  by  his  father  and  Mr. 
Briggs.  And  in  the  fame  year,  1619,  Mr  John  Spei- 
dcll  publiihed  his  New  Logarithms,  being  an  improved 
form  of  Napier’s. 

All  tbefe  tables  were  of  the  kind  that  have  knee 
been  called  hyperbolical,  becaufe  the  numbers  exprefs 
the  areas  between  the  afymptote  and  curve  of  the 
h^'perbola.  And  Lop^arithms  of  this  kind  were  alfo 
foon  after  publilhed  by  feverai  other  perlons ; as 
bylTrfiiuis  in  1619,  Kepler  in  1624,  and  iome  others. 

On  the  hrll  publication  of  Napier’s  I.ogarithms, 
Hemw  Briggs,  then  profefTor  of  Geometry  in  Grelham 
College  in  London,  immediately  applied  himielf  to  the 
ftudy  and  improvement  of  them,  and  foon  publiflied 
the  Logarithms  of  the  hrft  icoo  numbers,  but  011  a 
new  fcale,  which  he  had  invented,  viz,  in  which  the 
Logarithm  of  the  ratio  of  10  to  i is  i,  the  Logarithm  of 
the  L.rae  ratio  in  Napier’s  iyllem  being  2*3C25!:>  &c  ; 
and  in  1624,  Briggs  publinied  his  Arithmetica  Loga- 
rithmica,  containing  the  Logarithms  of  30,000  natu- 
ral numbers,  to  14  places  of  figures  belides  the  index, 
in  a form  which  Napier  and  he  had  agreed  upon  to- 
gether, which  is  the  prefent  form  of  Logarithms ; 
alfo  in  1633  was  puhiiihed,  to  the  fame  extent  of 
figures,  his  Trigonometria  Britannica,  containing  the 
natural  and  logarithmic  fines,  tangents,  See. 

With  various  and  gradual  Improvements,  Logarithms 
were  alfo  publiflied  fncceffively,  by  Gunter  in  1620, 
Wingate  in  1624,  Henrion  in  1626,  Miller  and  Nor- 
wood in  1631,  Cavalerius  in  1632  and  1643,  Vlaeq 
and  Rov/e  in  1633,  Frobenius  in  1634,  Newton  in 
•1658,  Carainucl  in  1670,  Shenvin  in  1706,  Gardiner 
in  1742,  and  Dodfon’s  Antilogarithmic  Canon  in  the 
fame  year  ; befides  many  otheis  of  lefier  note  ; not  to 
mention  the  accurate  and  comprehenfive  tables  in  the 
Tables  Portative,  and  in  my  own  Logarithms  lately 
publiflied,  where  a complete  hiflory  of  this  feience 
may  be  feen,  with  the  various  ways  of  conflrudfing 
them  that  have  been  invented  by  different  authors. 

j 

In  Napier’s  conffrudtion  of  Logarithms,  the  natural 
numbers,  and  their  Logarithms,  as  he  fometimes  called 
them,  or  at  other  times  the  artificial  numbers,  are  fup- 
pofed  to  a rife,  or  to  be  generated,  by  the  motions 
of  points,  defcriliing  two  lines,  of  which  the  one  is  the 
natural  number,  and  the  other  its  Logarithm,  or  artifi- 
cial. Thus,  he  conceived  the  line  or  length  of  the 
radius  to  be  deferibed,  or  run  over,  by  a point  moving 
along  it  in  fuch  a manner,  that  in  equal  portions  of 
time  it  generated,  or  cut  off,  parts  in  a decreafing 
geometrical  progreflloo,  leaving  the  feverai  remainders, 
or  fines,  in  geometrical  progreilion  alfo  ; whilft  another 


point  defcribeQ  equal  parts  of  an  indefinite  line,  in 
the  fame  equal  portions  of  time  ; fo  that  the  refpeftivc 
fums  of  thefe,  or  the  whole  line  generated,  were  al- 
ways the  arithrneticals  or  Logarithms  of  the  aforefaid 
natural  fines.  In  this  idea  of  the  generation  of  the 
Logaritlnns  and  numbers,  Napier  affumed  o as  the 
Logarithm  of  the  greatelf  fine  or  radius  ; and  next  he 
limited  his  iyftein,  nqt  by  affurning  a particular  value  to 
fome  afiigned  number,  or  part  of  the  radius,  but  by 
fuppofing  that  the  two  generating  points,  which,  by 
their  motions  along  the  two  lines,  deferibed  the  natu- 
ral numbers  and  Logarithms,  fhould  have  their  veloci- 
ties equal  at  the  beginning  of  thofe  lines.  And  this  is 
the  reafon  that,  In  his  table,  the  natural  fines  and  their 
Logarithms,  at  the  complete  quadrant,  have  equal  dif- 
ferences or  increments;  and  this  is  alfo  the  reafon  why 
Ins  fcale  of  Logarithms  happens  accidentally  to  agree 
with  what  have  fince  been  called  the  hyperbolical  Loga- 
rithms, which  have  likevvife  numeral  differences  equal 
to  thofe  of  their  natural  numbers  at  the  beginning  ; 
except  only  that  thefe  latter  increafe  with  the  natural 
nunibcrs,  while  his  on  tire  contrary  decreafe  ; the 
Logarithm  of  the  ratio  of  10  to  i being  the  fame  in 
both,  namely  2*302 583C9  Rc. 

Ha\ing  thus  limited  his  fyflem,  Napier  proceeds,  in 
the  poflhumous  work  of  1619,  to  explain  his  conftruc- 
tion  of  tlie  I.oo-arithmic  canon.  This  he  effedfs  in 
various  ways,  but  chiefly  by  generating,  in  a very  cafy 
manner,  a ferics  of  proportional  numbers,  and  their 
arithrneticals  or  Logarithms  ; and  then  finding,  by  pro- 
portion, the  Logarithms  to  the  natural  fines  from  thofe 
of  the  natural  numbers,  among  the  original  propor- 
tionals ; a particular  account  of  which  may  be  feen- 
in  my  book  of  Logarithms  above  mentioned. 

Tlie  methods  above  alluded  to,  relate  to  Napier’s  or 
the  hyperbolical  fyftem  of  Logarithms,  and  indeed  arc 
in  a manner  peculiar  to  that  fort  of  them.  But  in  an 
appendix  to  the  pofthumous  work,  mention  is  made  of 
other  methods,  by  which  the  common  Logarithms, 
agreed  upon  by  him  and  Briggs,  may  be  conffrudted, 
and  which  it  appears  were  written  after  that  agree- 
ment. One  of  thefe  methods  is  as  follows  : Having 
afhimed  o for  the  Logarithm  of  i,  and  1000  See  for 
the  I^ogarlthm  of  10  ; this  Logarithm  of  ic,  and  the 
fucctffive  quotients,  are  to  be  divided  ten  times  by  3, 
by  which  divifions  there  will  be  obtained  thefe  other 
ten  Logarithms,  namely  200000COO0,  40000C0C0, 
Bgcgoooo,  160G0000,  32000CO,  6400C0,  128000, 
25600,  5120,  1024  ; then  this  lafl  Logarithm,  and  its 
quotients,  being  divided  ten  times  by  2,  will  give  thefe 
other  ten  Logarithms, 

VIZ,  256,  12S,  64 > 3^5  4> 

And  the  numbers  anfwering  to  thefe  twenty  Lo-- 
garithms  are  to  be  found  in  this  manner,  viz,  Ex- 
trafl  the  5th  root  of  lO  (with  ciphers),  then  the 
5th  root  of  that  root,  and  fo  on  for  ten  continual 
extraftions  of  the  5th  root  : fo  fiiall  thefe  ten  roots  be 
the  natural  numbers  belonging  to  the  firff  ten  Loga- 
rithms above  found,  in  dividing  continually  by  5.  Next, 
out  of  the  laft  5th  root  is  to  be  extradled  the  fqiiare 
root,  then  the  fijuare  root  of  this  laft  root,  and  fo  on 
for  ten  fucceffive  extraflions  of  the  fquare  root  : fo 
fiiall  thefe  laft  ten  roots  be  the  natural  numbers  cor» 
lelpunding  to.  the  Logarithms  or  quotients. arifing  from 
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tiu-  latl  ten  dlvilioiis  by  the  number  2,  And  from 
tliefe  twenty  Logarithms,  i,  2,  .4,  8,  dec,  and  their  na- 
tural huftibers,  the  author  obferves  that  otlicr  Loga- 
rithms and  their  iiiuriber!?  may  be  formed,  namely  by 
adding*'  the  Logarithms,  and  multiplying  their  cor- 
re'fponding  numbers.  But,  befides  the  iinmenfe  labour 

this  method,  it  is  evident  that  this  procefs  would 
p'cnerate  rather  an  antiloQ-arithniic  canon,  fuch  as  Dod- 
fon’s,  than  the  table  of  Brig-gs. 

Napier  next  mentions  another  method  of  deriving  a 
few  of  the  primitive  numbers. and  their  Logarithms, 
namely,  "by  taking  continually  geometrical  means,  firfl 
between  10  and  i,  then  between  10  and  this  mean, 
and  again  between  10  and  the  lad  mean,  and  lo  on; 
and  then  taking  the  arithmetical  means  between  their 
correfponding  Logarithms. 

He  then  lays  down  various  relations  between  num- 
bers and  their  Logarithms,  fuch  as,  that  the  produffs 
and  quotients  of  numbers,  anfwer  to  the  fums  find  dif- 
ferences of  their  Logarithms  ; and  that  the  poivers  and 
roots  of  numbers,  anfwer  to  the  produdls  and  quotients 
of  the  Loga*  ithms  when  multiplied  or  divided  by  the  in- 
dex of  the  power  or  root,  &c  ; as  alfo  that,  of  any  two 
numbers,  whofe  Lop’aritlirns  are  niven,  if  each  number  be 
raifed  to  the  power  denoted  by  the  Logarithm  of  the 
other,  the  two  rcfults  will  be  equal  ; thus,  if  .v  be  the 
Logaii.hm  of  any  number  X,  aiidjy  the  Logarithm  of 
y,  then  is  Xy  ~ Y'n  Napier  then  adverts  to  another 
method  of  making  the  Logarithms  to  a few  of  the 
prime  integer  numbers,  which  is  well  adapted  to  the 
conftruftion  of  the  common  table  of  Logarithms  : 
this  method  eafily  follows  from  what  has  been  faid 
above,  and  it  depends  on  this  property,  that  the  Loga- 
rithm of  any  number  in  this  fcale,  is  one  lefs  than  the 
number  of  places  or  figures  contained  in  that  power  of 
the  given  number  wLofe  exponent  is  icooooooooo,  or 
-the  Logarithm  of  10,  at  lead  as  to  integer  numbers, 
for  they  really  differ  by  a fraction , as  is  (hewn  by  Mr. 
Briggs  in  his  illuftrations  of  thefe  properties  ; printed 
at  the  end  of  this  Appendix  to  the  Cqiift rudtion  of  Lo- 
garithms. 

Kepler  gave  a conftriifflon  of  Logarithms  fomewhat 
varied  from  Napier’s.  His  work  is  divided  into  two 
parts  : In  the  firft,  he  raifes  a regular  arid  purely  ma- 
thematical fyftem  of  proportions,  and  the  meafures  of 
them,  demonftrating  both  the  nature  and  principles  of 
the  conffru6lion  of  Logarithms,  which  he  calls  the 
meafures  of  ratios  : and  in  the  fecond  part,  he  applies 
thofe  principles  in  the  acfual  conffruffion  of  his  table, 
which  contains  only  1000  numbers  and  their  Loga- 
rithms. The  fundamental  principles  are  briefly  thefe  : 
That  at  the  beginning  of  the  Logarithms,  their  incre- 
ments or  differences  are  equal  to  thofe  of  the  natural 
numbers  : that  the  natural  numbers  may  be  confider- 
ed  as.'  the'  decreafing  cofines  of  increafing  arcs  ; and 
that  the  fe^ants  of  thofe  arcs  at  the  beginning  have 
the  fame  .^differences  as  the  cofines,  and  therefore  the 
fame,,  differences  as  the  Loga  rithms.  Then,  fince 
the  fecants  are  the  reciprocals  of  the  cofines  of  the 
fame  arcs,  from  the  foregoing  principles,  he  eilabliflies 
the  following  method  of  raifiug  the  firft  100  Loga- 
rithms, to  the  numbers  loco,  999,  998,  &c,  to  900  ; 
viz,  in  this  manner  ; Divide  the  radius  1000,  increafed 
Vjfith  feven  ciphers,  by  each  of  thefe  nuraber&  feparate- 


ly,  and  the  quotients  will  be  the  fecants  of  tlipfe  arcs 
which  have  the  divifors  for  trieir  cofines  ; continuing 
the  divifion  to  the  Sdi  figure,  as  it  is  in  that  place  only 
that  the  arithmetical  and  geometrical  means  differ. 
Then  by  adding  continually  the  arithmetical  means  be- 
tween every  two  fucceihve  fecants,  the  fums  will  be  the 
the  feries  of  I..ogaritlims.  Or  by  adding  continually 
every  tw’o  fecants,  the  fucceilive  fums  wnil  be  the  feries 
of  the  double  Logarithms.  He  then  derives  all  the 
other  Logarithms  from  thefe  firft  ico,  by  common 
principles. 

Brig-gs  firft  adverts  to  the  methods  mentioned  above, 
in  the  A-ppendix  to  Napier’s  ConftruCtion,  which  me-’ 
thods  rvere  common  to  both  thefe  autliors,  and  had- 
doubtleis  been  jointly  agreed  upon  by  them.  He  firft 
gives  an  exampL  of  computing  a Logarithm  by  the 
property,  that  the  Logarithm  is  one  lefs  than  the  num- 
ber of  places  or  figures  contained  in  that  power  of  the 
given  number  wfoofe  exponent  is  the  Logarithm  of  10 
with  ciphers.  Briggs  next  treats  of  the  other  general 
method  of  finding  the  Logarithms  of  prime  numbers, 
which  he  thinks  is  an  eafier  w*ay  than  the  former,  at 
leaft  when  many  figures  are  required.  This  method 
confifts  in  taking  a great  number  of  continued  geome- 
trical means  between  i and  the  given  number  whofe 
Logarithm  is  required ; that  is,  firft  extraefting  the 
fquare  root  of  the  given  number,  then  the  root  of  the  firft 
root,  the  root  of  the  2d  root,  the  root  of  the  3d  root, 
and  fo  on,  till  the  lafl  root  fhall  exceed  i by  a very  final! 
decimal,  greater  or  lefs  according  to  the  intended  num- 
ber of  places  to  be  in  the  Logarithfei  fought : then 
finding  the  Logarithm  of  this  fmall  number,  by  eafy 
methods  deferibed  afterwards,  he  doubles  it  as  often  as 
he  made  extractions  of  the  fquare  root,  or,  which  is 
the  fame  thing,  he  multiplies  it  by  fuch  power  of  2 
as  is  denoted  by  the  faid  number  of  extraCfions,  and 
the  refult  is  the  required  Logarithm  of  the  given  num-^ 
ber  ; as  is  evident  from  the  nature  of  Logarithms. 

But  as  the  extraction  of  fo  many  roots  is  a very 
troublefome  operation,  our  author  deviles  fome  inge- 
nious contrivances  to  abridge  that  labour,  chiefly  by 
a proper  application  of  the  feveral  orders  of  the  dif- 
ferences of  numbers,  forming  the  firft  inftance  of  what 
may  called  the  differential  method ; but  for  a particular 
defeription  of  thefe  methods,  fee  my  Treatife  of  I^oga- 
rithms,  above  quoted,  pag.  65  <kc. 

Mr.  James  Gregory,  in  his  Vera  Circuli  Hyperbohe 
Qu.adratura,  printed  at  Padua  in  1667,  having  approxi- 
iriated  to  the  hyperbolic  afymptotic  fpaces  by  means  of 
a feries  of  inferibed  and  circuraferibed  polygons,  from 
thence  fiiews  how  to  coniDute  the  Lop-arithms,  which 
are  analogous  to  the  areas  of  thofe  fpaces:  and  thus  the 
quadrature  of  the  hyperbolic  Ipaces  became  the  fame 
thing  as  the  computation  of  the  Logarithms.  He  here 
alfo  lays  down  various  methods  to  abridge  the  computa- 
tion, with  the  affiftance  of  fome  properties  of  numbers 
tbemielves,  by  which  the  Logarithms  of  all  prime  num- 
bers under  1000  may  be  computed,  each  by  one  multi- 
plication, two  divifions,  and  the  extraction  of  the  fquare 
root.  And  the  fame  fubjedl  is  farther  purfued  in  his 
Exercitationes  Geometricre.  In  this  latter  place,  he 
firft  finds  an  algebraic  expreffion,  in  an  infinite  feries, 

\ a 

for  the  Logarichni  of  — ^ , and  then  the  like  for  the 
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-Logarithm  of — ; and  as  the  one  feries  has  all  Its 

1 — a 

terms  pofitive,  while  thofe  of  the  other  are  alternately 
poficive  and  negative,  by  adding  the  two  together, 
every  2d  term  is  cancelled,  and  the  double  of  the  other 

terms  gives  the  Logarithm  of  the  produfl  of 

and  , or  the  Logarithm  of  tlie  — ^ — , that 

I — « ^ 1 — a 

is  of  the  ratio  »f  i — ^7  to  i -f-  « : thus,  he  finds, 

firfi;  ii  — -f  1^4  ^ of  lit-?, 

I 

and  a -f  -f-  -f-  |-^4  ^ | 

I — 

theref.  2,1  + f,;’  + 'jS  + kc  =!.  of  LLf, 

I a 

V»  hich  maybe  accounted  Llr.  James  Gregory’s  method 
of  making  Logarithms. 

In  1668,  Nicholas  Mercator  piibliflied  his  Logarith- 
motcchnia,  live  Methodiis  Conftruendi  Logarithmos, 
nova,  accurata,  Sc  facihs ; in  which  he  delivers  a new 
-and  ingenious  method  for  computing  the  Logarithms 
upon  principles  purely  arithmetical  ; and  here,  in  his 
-modes  of  thinking  and  expreflion,  he  clofely  follows  the 
celebrated  Kepler,  in  his  writings  on  the  fame  fubjedt  ; 
uccounting  Logarithms  as  the  miCafurcs  of  ratios,  or  as 
the  number  of  ratiunculae  contained  in  the  ratio  which 
any  number  bears  to  unity.  Purely  from  thefe  principles, 
then,  the  number  of  the  equal  ratiunculiS  contained  in 
fome  one  ratio,  as  of  lo  to  i,  being  luppofed  given,  our 
author  fheurs  howthcLogarithm,ormeafLire,  of  any  other 
ratio  may  be  found.  But  this,  however,  only  by*the- 
bye,  as  not  being  the  principal  method  he  intends  to 
teach,  as  his  lait  and  bell.  Having  fhewn,  then,  that 
thefe  Logarithms,  or  numbers  of  fmall  ratios,  or  raea- 
furcs  of  ratios,  may  be  all  properly  reprefented  by  num- 
bers, and  that  of  i,  or  tlie  ratio  of  equality,  the  Loga- 
rithm or  meafure  being  always  o,  the  Logarithm  of  ig, 
or  the  meafure  of  the  ratio  of  lo  to  i,  is  moft  conve- 
niently reprefented  by  i with  any  number  of  ciphers  ; 
he  then  proceeds  to  Ihew  how  the  mcafures  of  all  other 
■ratios^  may  be  found  from  this  laft  fuppofition  : and  lie 
txpluins  thele  pilnciples  by  fome  examples  in  numbers. 

In  the  latter  part  of  the  work,  Mercator  treats  of  his 
other  method,  given  by  an  infinite  feries  of  algebraic 
terms,  which  are  collcdted  in  numbers  by  comunon  ad- 
'dition  only.  He  here  fquares  the  hyperbola,  and  finally 
Linds  that  the  hyperbolic  Logarithm  of  i -f-  ^r,  is  equal 
to  the  infinite  feries  c/  — -p  3cc  \ winch 

may  be  confidered  as  Mercatem’s  quadrature  of  the  hy- 
perbola, or  his  general  expreflion  of  an  hyperbolic  Lo- 
^arithai,  in  an  infinite  feries. 

And  this  method  was  farther  improved  by  Dr.  Wal- 
lis, in  the  Philof.  Iranf.  for  the  year  1668.  The  cele- 
brated Nev/ton  invented  allb  the  fame  feries  for  the 
■quadrature  of  the  hyperbola,  and  the  conftruaion  of 
Logarithms,  and  that  before  the  fame  were  given  by 
Gregory  and  Mercator,  ihougli  unknown  to'^one  an- 
other, as  appears  by  his  letter  to  Mr.  Oldenburg,  dated 
Oclober  24,  1676.  'I  he  explanation  and  conitruftion 
of  the  Logarithms  are  alfo  farther, purfued  in  his  Flux- 
ions, publidied  in  1736  by  Mr.  Colfon. 

Dr.  Halley,  in  the  Philof,  Tranf.  for  the  year  1695, 
VoL.  IL 


gave  a very  ingenious  cfTay  on  the  coiiftrudlon  of  Lo- 
garithms, intitled,  “ A mofl  compendious  and  facile 
method  for  conllruLting  the  Logarithms,  and  exempli- 
fied and  demon Rrated  from  the  nature  of  numbers, 
without  any  regard  to  the  hyperbola,  with  a fpeedy  me- 
thod for  finding  the  number  from  the  given  Logarithm.’* 
InRead  of  the  more  ordinary  definition  of  Loga- 
rithms, viz,  ‘ numerorum  proportionalium  icquidlR’ercn- 
tes  comites,’  the  learned  author  adopts  tliis  other,  ‘ nu- 
meri  rationum  exponentes,’  as  better  adapted  to  the 
principle  on  which  Logarithms  are  here  conRrudled, 
confidering  them  as  the  num.berof  ratiunculas  contained 
in  the  given  ratios  whofe  Logarithms  are  In  queRion. 
In  this  way  he  firR  arrives  at  the  Logarithmic  feries  be- 
fore given  by  Newton  and  others,  and  afterwards,  by 
various  combinations  and  feclions  of  the  ratios,  be  de- 
rives others,  converging  Rill  faRer  than  the  former. 
I'lins  he  found  the  Logaiithms  of  fieveral  ratios,  as  be- 
low, viz,  when  multiplied  by  the  modulus  peculiar  to 
the  lc2?Ie  of  Logaritlmis, 

q — -^r  -}q^  — Iq*  &c,  the  Log.  of  I to  I + y, 

q + 2^“  -j-  + iq*  &c,  the  Log.  of  i to  i — 

A' 

• id : r Log.  of  a to  h.  or 

a la^  3r/3  ^ 

X X 

T'^Ti 

2X  2X^  2X^  2X^ 

j -j -j ScCy  the  fame  Log,  of  a to  h, 

z 2%^  ° 

X^ 


r;  d-  -77  d-  -77  '^rc,  the  fame  Log.  of  a to  L or 

3^3  ^14  o 


I 

^ d- 


d r:  ^cc,the  fame  Log.  of  \/ab  tQl%\ 

ly'*  ~ ' 
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where  ayh^q^  are  any  quantities,  and  the  values 

are  thus,  viz,  x =.  h — ay  y^ab-\-  -Jz*. 

Dr.  Halley  alfo,  firR  of  any,  performed  the  reverfc 
of  the  problem,  by  afligning  the  number  to  a given 
I..ogarithm  ; viz, 

b 1 It 

= I -p  / d-  d-  d I*'  Sec,  or 


I 


^ -3 

I 


3-4 


Pd- 


2.3  2.3.4 

where  / is  the  Logarithm  of  the  ratio  of  a the  lefs,  to  h 
the  greater  of  any  two  terms. 

Mr.  Ah  raham  Sliarp  of  YorLRu’re  made  many  calcu- 
lations and  im’provcrr.ents  in  Logarithms,  fee.  The  moft 
remarkable  of  thefe  were,  his  quadrature  of  the  circle 
to  72  places  of  figures,  and  his  computation  of  Loga- 
rithms to  61  figures,  viz,  for  all  numbers  to  100,  and 
for  all  prime  numbers  to  1 100. 

The  celebrated  Mr.  Roger  Cotes  gave  to  the  world 
a learned  traT  on  the  nature  and  conRru6lion  of  Loga- 
rithms; tliis  was  firR  printed  in  the  Philof.  Traiif.  N® 
338,  and  afterwards  with  his  Llarmonia  Menfuranim  in 
1722,  under  tlie  title  IjOgometrla.  This  tracR  has  juftly 
been  complained  of,  as  very  obfeure  and  intricate,  and 
the  principle  is  fomething  between  that  of  Kepkr  and 
the  method  of  Fluxions.  He  invented  the  terms  Mo- 
dulus and  Modular  ratio,  this  being  the  ratio 

r ^ I . 5 I I - 

of  I H 1 { 1 1 <5cc  to  I oi‘ 
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4 tliat  is  the  ratio  of  2*718281828459  See  to  1, 
or  the  ratio  of  i to ’0*367879441 171  &c  ; 
the  modulus  of  any  fydeni  being  the  meafure  or  Loga- 
rithm of  that  ratio,  which  in  the  hyp.  Logarithms  is 
I,  and  in  Briggs’s  or  the  common  Logarithms  is 
<>''434294481903  &c. 

The  learned  Dr.  Brook  Taylor  gave  another  method 
of  computing  Logarithms  in  the  Philof.  Tranf.  No.  352, 
which  is  founded  on  thefe  three  principles,  viz,  i ft, That 
the  fum  of  the  Logarithms  of  any  two  numbers  is  the 
Logarithm  of  the  product  of  thofe  numbers  ; 2d,  That 
the  Logarithm  of  1 is  o,  and  confequently  that  the 
nearer  any  number  is  to  i,  the  nearer  will  its  Lo- 
garithm be  to  o ; 3d,  That  the  produdl  of  two  num- 
bers or  factors,  of  which  the  one  is  greater  and  the 
other  lefs  than  I,  Is  nearer  to  i,  than  that  fadfor  is 
which  is  on  the  fame  fide  of  i with  itfelf ; fo  of  the  two 
numbers  | and  t,  the  produ6:  is  lefs  than  i,  but 

yet  nearer  to  it  than  | is,  which  is  aifo  lefs  than  r. — - 
And  on  thefe  principles  he  founds  an  ingenious,  though 
not  very  obvious,  approximation  to  the  Logarithms  of 
given  numbers. 

In  the  Philof.  Tranf.  a Mr.  John  Long  gave  a me- 
thod of  conftruftijig  Logarithms,  by  means  of  a fmall 
table,  fometliing  in  the  manner  of  one  of  Briggs’s  me- 
thods for  the  fame  purpofe. 

Alfo  in  the  Philof.  Tranf.  vol.  61,  a tra6f  on  the 
conftrudfion  of  Logarithms  is  given  by  the  ingenious 
Mr.  William  Jones.  In  this  method,  all  numbers  are 
confidered  as  fome  certain  powers  of  a conftant  deter- 
mined root : thus,  any  number  is  confidered  as  the  z 
power  of  any  root  r,  or  x = is  taken  as  a general 
exprefiion  for  all  numbers  in  terms  of  the  conftant  root 
r and  a variable  exponent  2.  Now  the  index  2;  being 
the  Logarithm  of  the  number  .v,  therefore  to  find  this 
Logarithm,  is  the  fame  thing  as  to  find  what  power  of 
the  radix  r is  equal  to  the  number  x. 

An  elegant  tradf  on  Logarithms,  as  a comment  on 
Dr.  Plalley’s  method,  was  alfo  given  by  Mr.  Jones  in 
his  Synopfis  Palmariorum  Mathefeos,  publiftied  in  the 
year  i 706. 

In  the  year  1742,  Mr.  James  Dodfon  publiftied  his 
Anti-logarithmic  Canon,  containing  all  Logarithms 
under  100, coo,  and  their  correfponding  natural  num- 
bers to  eleven  places  of  figures,  with  all  their  differences 
and  the  proportional  parts ; the  whole  arranged'  in  the 
order  contrary  to  that  ufed  in  the  common  tables  of 
numbers  and  Logarithms,  the  exadi  Logarithms  being 
here  placed  firft,  and  their  correfponding  neareft  num- 
bers in  the  columns  oppofite  to  them. 

And  in  1767,  Mr.  Andrew  Reid  publiftied  an  “ Effay 
on  Logarithms,’*  in  which  he  fhews  the  computation 
of  Logarithms  from  principles  depending  on  the  bino- 
mial theorem,  and  on  the  nature  of  the  exponents  of 
powers,  the  Logarithms  of  numbers  being  here  confi- 
dered as  the  exponents  of  the  powers  of  10.  In  this 
way  he  brings  out  the  ufual  feries  for  Logarithms,  and 
exemplifies  Dr.  Halley’s  conftruftion  of  them.  But 
for  the  particulars  of  this,  and  the  methods  given  by 
the  other  authors,  we  muft  refer  to  the  hiftorical  pre- 
face to  my  treatife  on  Logarithms. 

Befides  the  authors  above-mentioned,  many  others 
have  treated  on  the  fubjedi  of  Logarithms ; among  the 
principal  of  whom  are  Leibnitz,  Euler,  Maclaurin, 


Wolfius,  Kelli,  and  profeffor  Simfon  in  an  ingenious  geo  ’ 
metrical  tradt  on  Logarithms,  contained  in  his  poftlm- 
mous  wmrks,  elegantly  printed  at  Glafgow  in  the  year 
1776,  at  the  expence  of  the  learned  Earl  Stanhope,  and 
by  h h lordftiip  difpofed  of  in  prefents  among  gentlemen 
mod  eminent  for  mathematical  learning. 

For  the  defeription  'and  ufes  of  Logarithms  in 
numeral  calculations,  w'ith  the  fliorteft  method  of  con- 
ftrudfting  them,  fee  the  Hiftorical  Introdudlion  to  my 
Logarithms,  pa.  124  & ieq. 

£r}ggs’s  or  Cornmofi  Logarithms,  are  thofe  that 
have  1 for  the  IjOgarithm  of  10,  or  which  have 
0*4342944819  &c  for  the  modulus ; as  has  been  ex- 
plained above. 

Hyperbolic  Logarithms,  are  thofe  that  were  com- 
puted by  the  inventor  Napier,  and  called  alfo  fome- 
times  Natural  Logarithms having  l ior  their  modulus, 
or  2 *302585092994  &c  far  the  Logarithm  of  10. 
Thefe  have  fince  been  called  Hyperbolical  Logarithms, 
becaufe  they  are  analogous  to  the  areas  of  a right- 
angled  hyperbola  between  the  afymptotes  and  the 
curve.  See  Logarithms,  alfo  Hyperbola  and 
Asymptotic  Space. 

Logifac  Logarithms,  are  certeiin  Logarithms 
fexagefimal  numbers  or  fradfions,  ufeful  in  aftronomical 
calculations.  'Fhe  Logiftic  Logarithm  of  any  number 
of  feconds,  is  the  difference  between  the  common  Lo- 
garithm of  that  number  and  the  Logarithm  of  3600, 
the  feconds  in  i degree. 

The  chief  ufe  of  the  table  of  Logiftic  Logarithms, 
is  for  the  ready  computing  a proportional  part  in  mi- 
nutes and  feconds,  when  two  terms  of  the  proportion 
are  minutes  and  feconds,  or  hours  and  minutes,  or  other 
fuch  fexagefimal  numbers.  See  the  Introd.  to  my  Lo- 
garithms, pa.  144. 

Imaginary  Logarithm,  a term  ufed  in  the  Log. 
of  imaginary  and  negative  quantities;  fuch  as  — 
or  ~d^  ox  ai^/  — i.  The  fluents  of  certain  imagi- 
nary exprefiions  are  alfo  Imaginary  Logarithms  ; as  of 

Sc  CLx 

— I — - j or  of — , &c.  See  Euler  Analyf.  Infin, 

X ^ — l CX  ~i 

vol,  i.  pa.  72,  74. 

Sc 

It  is  well  known  that  the  exprefiion  — reprefents  the 

X 

fluxion  of  the  Logarithm  of  a?,  and  therefore  the  fluent 

X 

of  ~ is  the  Logarithm  of  x ; 'and  hence  the  fluent 

X 

of  — is  the  Imaginary  Logarithm  of  at. 

^\/  I 

However,  when  thefe  Imaginary  Logarithms  occur 
in  the  folutions  of  problems,  they  may  be  transformed 
into  circular  arcs  or  fedfors  ; that  is,  the  Imaginary 
Logarithm,  or  imaginary  hyperbolic  fedlor,  becomes 
a real  circular  fedtor.  See  Bernoulli  Oper.  tom.  i, 
pa.  400,  and  pa.  512.  Maclaurin’s  Fluxions,  art.  762. 
Cotes’s  Harmon.  Menf.  pa.  45.  Walmefley,  Anal,  des 
Mef.  pa.  63. 

LOGARITHMIC,  or  Logistic  Curve,  a curve 
fo  called  from  its  properties  and  ufes,  in  explaining  and 
conftrudting  the  Logarithms,  becaufe  its  ordinates  are  in 
geometrical  progrefiion,  while  the  abfeifles  are  in  arith- 
metical progreffion  ; fo  that  the  abfeifles  are  as  the 
Logarithms  of  the  correfponding  ordinates.  And  hence 
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tlie  curve  will  be  con ilrufted  in  tliis  manner:  Upon 
any  right  line,  as  an  axis,  take  the  equal  parts  AB, 
BC,  CD,  &c,  or  the  arithmetical  progreflion  AB,  AC, 
AD,  &c  ; and  at  the  points  A,  B,  C,  D,  &c,  eredl  the 
perpendicular  ordinates  BQ__,  CR,  DS,  See,  in  a 
geometrical  progreflion;  fo  is  the  curve  line  drawn 
through  all  the  points  P,  Q^,  R,  S,  &c,  the  Loga- 
rithmic, or  Loglilic  Curve  ; fo  called,  becaufe  any 
abfeifs  AB,  is  as  the  Logarithm  of  its  ordinate  BQ. 
So  that  the  axis  ABC  Sec  is  an  afymptote  to  the 
curve. 


Hence,  if  any  abfclfs  AN  rr  a:,  its  ordinate 
NO  — y,  AP  = 1,  and  a = a.  certain  conftant  quan- 
tity, or  the  modulus  of  the  Logarithms  ; then  the 
equation  of  the  curve  Is  a:  = <3  x log,  of  jr  = log.  y^. 
And  if  the  fluxion  of  this  equation  be  taken,  it  will 

be  X = which  gives  this  proportion, 

y 

y : .V  \ y a 

but  in  any  curve  y x : : j : the  fubtangent  AT  ; 
and  therefore  the  fubtangent  of  this  curv^e  is  everywhere 
equal  to  the  conftant  quantity  a,  or  the  modulus  of  the 
Logarithms. 

^0  find  the  Area  contained  between  two  ordinates.  Here 
the  fluxion  of  the  area  A or  yi-  Is  jy  X — = ay  i 

y 

and  the  correct  fluent  is  A = /r  x AP  —y 

^ X AP  - NO  PV  = AT  X PV.  That 

is,  the  area  APON  between  any  two  ordinates,  is  equal 
to  the  reftangle  of  the  conftant  fubtangent  and  the 
difference  of  the  ordinates.  And  hence,  when  the 
abfclfs  is  infinitely  long,  or  the  farther  ordinate  equal 
to  nothing,  then  the  Infinitely  long  area  APZ  Is  equal 
AT  X AP,  or  double  the  triangle  APT. 

For  the  Solid  fiat  med  by  the  curve  revolved  about  its 

axis  AZ.  The  fluxion  of  the  folid  is  j-  rr  py'^x  — 
ay 

/ft’*  X — —payy,  where  />  is  = 3*1416;  and  the  cori^df 

y 

fluentis  s — \ pa  X A P'^  —yt^  ~ \px  AT  X AP^  — NO^, 
which  is  half  the  difference  between  two  cylinders  of 
the  common  altitude  a or  AT,  and  the  radii  of  their 
bafes  AP,  NO.  And  hence  fuppofing  the  folid  infi- 
nitely long  towards  Z,  where  y or  the  ordinate  is  no- 
thing, the  infinitely  long  folid  will  be  equal  to 
^pa  X AP^  = 4 />  X AT  X AP^,  or  half  the  cylinder 
on  the  fame  bafe  and  its  altitude  AT. 

It  has  been  faid  that  Gunter  gave  the  firfl  idea  of 
a curve  whofe  abfeifles  are  In  arithmetical  progreflion, 
while  the  correfponding  ordinates  are  in  geometrical 
progreflion,  or  whofe  abfclfs  are  the  Logarithms  of 
their  ordinates  ; but  I do  not  find  it  noticed  In  any  part 
of  his  writings.  This  curve  was  afterwards  confidered 
by  others,  and  named  the  Logarithmic  or  Logiftic 


Curve  by  Huygens  in  his  Diftertatlo  dc  Caufa  Gravl- 
tatis,  where  he  enumerates  all  the  principal  properties 
of  it,  ftiewing  its  analogy  to  Logarithms.  Many  other 
learned  men  have  alfo  treated  of  its  properties;  parti- 
cularly Le  beur  and  Jacquicr,  In  their  Comment  on 
Newton  s Prmcipia  ; Dr,  ^ John  Keill,  in  the  elegant 
little  Tract  on  Logarithms  fubjoined  to  his  edition  of 
Euclid  s Elements  ; and  Francis  Maferes  Efq.  Curfitor 
Baron  of  the  Itxchequer,  In  his  ingenious  Treatife  on 
Trigonometry  : fee  alfo  Bernoulli’s  Difeourfe  in  the 
Ada  Eriiditorum  for  the  year  1696,  pa.  216  ; Guido 
Orando  s Demonftratio  Theorematiim  Huy'geneanoruni 
circa  Logifticam  feu  Logarithmicam  Liiicam  ; and 
Emerfon  on  Curve  Lines,  pa.  19. — It  is  Indeed  rather 
extraordinary  that  this  curve  was  not  fooner  announced 
to  the  public,  fince  it  refults  immediately  from  Napier’s 
manner  of  conceiving  the  generation  of  Logarithms,  by 
only  fuppofing  the  lines  which  reprefent  the  natural 
numbers  as  placed  at  right  angles  to  that  upon  which 
the  Logaiithms  are  taken. 

T.  his  curve  greatly  facilitates  the  conception  of  Loga- 
rithms to  the  imagination,  and  affords  an  almoft  in- 
tuitive proof  of  the  very  important  property  of  their 
fluxions,  or  very  fmall  increments,  namely,  that  the 
fluxion  of  the  number  Is  to  the  fluxion  of  the  Logarithm, 
as  the  number  Is  to  the  fubtangent ; as  alfo  of  this 
property,  that  if  three  numbers  be  taken  very  nearly 
equal,  fo  that  their  ratios  may  differ  but  a little  from  a 
ratio  of  eqiialityq  as  the  three  numbers  looocooo, 
tooocooi,  10000C02,  their  differences  will  be  very  near- 
ly proportional  to  the  Logaiithms  of  the  ratios  of  thofc 
numbers  to  each  other  : all  which  follows  from  the 
Logarithmic  arcs  being  veiy  little  different  from  their 
chords,  when  they  are  taken  very  fmall.  And  the  con- 
ftant lubtangent  of  this  curve  Is  what  was  afterwards  by 
Cotes  called  the  Modulus  of  the  Syftem  of  IjOgarithms, 
Logarithmic,  or  I.ogifiic,  Spiral,  a curve  conftrud- 
ed  as  follows.  Divide  the  arch  of  a circle  into  any 
equal  parts  AB,  BD,  DE,  &c  ; 
and  upon  tlie  radii  drawn  to  the 
points  of  divifion  take  Cb,  Qd,  Ce, 

Sec,  In  a geometrical  progreflion  ; 
fo  is  the  curve  A/’rf<?  Sec  the  Loga- 
rithmic Spiral ; fo  called,  becaufe 
it  is  evident  that  AB,  AD,  AE, 

&c,  being  arithmeticals,  are  as  the 
the  Logaiithms  of  CA,Cb,Ca,Ce, 

Sec,  wiiich  are  geometricals;  and  a Spiral,  becaufe  it 
winds  continually  about  the  centre  C,  coming  con- 
tinually nearer,  but  without  ever  really  falling  Into  it. 

In  the  Philof.  Tranf.  Dr.  Halley  has  happily  applied 
th  is  curve  to  the  divifion  of  the  meridian  line  in  Mer- 
cator’s chart.  See  alfo  Cotes’s  Harmonia  Menf.,  Guido 
Grando’s  Demonft.  Thcor,  Huygen.,  the  A6fa  Erudit. 
1691,  and  Emerfon’s  Curves,  Sec, 

LOGISTICS,  or  LOGISTICAL  Arithmetic, 
a name  fometimes  employed  for  the  arithmetic  of  fexa- 
gefimal  fiadflons,  ufed  in  aftronomical  computations. 

This  name  was  perhaps  taken  from  a Greek  treatife 
of  Barlasmus,  a Monk,  who  wrote  a book  of  Sexagefi- 
mal  Multiplication,  which  he  called  Logiftic.  Voflius 
places  this  author  about  the  year  1350,  but  he  miftakes 
the  work  for  a Treatife  on  Algebra. 

The  fame  term  however  has  been  ufed  for  the  rqles 
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of  computations  m Algebra,  and  in  other  fpecies  of 

Arithmetic  : witnefs  the  Logiftics  of  Vieta  and  other 

« 

writers* 

Shakerly,  in  his  Xabulce  Britanniejc,- has  a Table  o-f 
iLogarithms  adapted  to  fexagefimal  fraiSlions,  and  which 
he  calls  Logiftical  Logarithms  j and  the  expeditions 
arithmetic,  obtained  by  means  of  them,  he  ealL  Lo- 
gidical  Arithmetic. 

Logistical  Curve,  LlneyOx  Spiral,  the  fame  as  the 
Logarithmic,  which  fee. 

LONG  (Roger),  D.D.  mafter  of  Pembroke-hall 
in  Cambridge,  Lowndes’s  profeffor  of  adronom^  in 
that  univeriity,  Sec,  was  author  of  a well-known  and 
much  approved  treatife  of  aftronomy,  and  the  inventor 
of  a remarkably  curious  aftronomical  machine.  This 
was  a hollow  fphere,  of  18  feet  diameter,  in  which 
more  than  30  perfons  might  fit  conveniently.  Within 
fide  the  furface,  which  reprefented  heavens,  was 
painted  the  liars  and  conftellations,  with  the  zodiac, 
meridians,  and  axis  parallel  to  the  axis  of  the  world, 
upon  which  it  was  ealily  turned  round  by  a winGi* 
He  died,  December  16,  1770,  at  91  years  of  age. 

A few  years  before  bis  death,  Mr.  Jones  gave  fome 
anecdotes  of  Dr.  Long,  as  follows : He  is  now  in 

the  B8th  year  of  his  age,  and  for  his  years  vegete  and 
aftive.  He  w^as  lately  put  in  nomination  for  the  office 
of  vice-chancellor ; he  executed  that  trull  once  before, 

I think  in  the  year  1737.  He  is  a very  ingenious  p^- 
fon,  and  fometimes  very  facetious.  At  the  public 
Commencement,  in  the  year  17^3>  P**’  Hreene  (maftei 
of  Bennet  college,  and  afterwards  bifhop  of  Ely)  being 
then  vice-chancellor,  Mr.  Long  was  pitched  upon  for 
the  tripos  performance;  it  was  witty  and  humoious,' 
and  has  palfcd  through  divers  editions.  Some  that  le- 
membered  the  delivery  of  it,  told  me,  that  in  addreffing 
the  vice-chancellor  (whom  the  imiverfity  wags  ufually 
Ryled  Mlfs  Greene),  the  tripos-orator,  being  a native 
of  Norfolk,  and  alfuming  the  Norfolk  dlaledl,  inilead 
of  faying,  Dotnine  Vice-Cancellarie,  archly  pronounced 
the  words  thus,  JJomina  Vice-Cancellaria 
fioned  a general  fmlle  In  that  great  auditory.  H‘S 
friend  the  late  Mr.  Bonfoy  of  Ripton  told  me  this  little 
incident ; ‘ That  he  and  Dr.  Long  walking  togeth^  m 
Cambridge  in  a dudry  evening,  and  coming  to  a Ihort 
poll  fixed  in  the  pavement,  which  Mr.  Bonfoy  in  tlie 
midll  of  chat  and  inattention,  took  to  be  a hoy  Handing 
in  his  way,  he  laid  in  a hurry,  ‘ Get  out  of  my  way, 
boy  ''  ‘ That  hoy.  Sir,  fald  the  Doaor  very  calmly  and 
llily.  Is  a poft-boy,  <wbo  turns  out  of  hh  ^vay  fornobody,* 
I could  recollcdl  feveral  other  ingenious  repartees  if 
there  w^ere  occafion.  One  thing  is  remarkable,  he 
never  was  a hale  and  hearty  man,  always  of  a tender 
and  delicate  conllitution,  yet  took  great  care  of  it: 
his  common  drink  water  ; he  always  dines  v/ith  the 
Fellows  in  the  Hall  Of  late  years  he  has  left  off  eating 
fieffi-meats ; in  the  room  thereof,  puddings  ; vege- 
tables, &c  ; fometimes  a glafs  or  two  of  wine.” 

LONGIMETRY,  the  art  of  meafuring  lengths  or 
dlfiances,  both  acceffible  and  inacceffible,  forming  a 
part  of  what  is  called  Heights  and  Dillances,  being  an 
application  of  geometry  and  trigonometry  to  lueh 

meafurements.  r 1 u 

As  to  acceffible  lengths,  they  are  eafily  meafured  by 
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the  aftual  application  of  a rod,  a chain,  or  wheel,  or 
fome  other  meafurc  of  length. 

But  inacceffible  lengths  require  the  pradlice  and 
properties  of  geometry  and  trigonometry,  either  In  the 
meafurement  and  conftrudllon,  or  in  the  computationir 
For  example,  Suppofe  It  were  required  to  know  the 
length  or  diflance  between  the  two  places  A and  B,  to 
wdiich  places  there  is  free  acceis,  but  not  to  the  inter- 
mediate parts,  on  account  of  water  or  fome  other  im- 
pediment ; mtafure  therefore,  from  A and  B,  tne  dif- 
tances  to  any  convenient  place  C,  which  fuppofc  10  be 
thus,  viz,  AC  — 73G  snd  BC  = 840  links;  and  let 
the  angle  at  C,  taken  with  a theodolite  or  other  inllru- 
ment,  be  55*  4^^*  from  thefe  meafuies  the  length  or 
diftance  AB  may  be  determined,  either  by  geometrical 
meafurement,  or  by  trigonometrical  computation. 
Thus,  firll,  l .y  down  an  angle  C = 55°  4^)  and  upoa^ 
its  legs  fet  off,  Romany  convenient  fcale  of  equal  parts, 
CA  = 73^,-  and  CB  = 84®  ; then  meafure  the  dif- 
tance between  the  points  A and  B by  the  fame  fcalc 
of  equal  parts,  which  will  be  found  to  be  74^  neaily<> 


Or  this  by  calculation, 

840  180°  — 55®4-o' 

735 

Sum  1575 
Dif.  105 
Tang.  62^  10^ 


1 24®  20',  its  half  C2°  I aV 


I* 1 97 2806 
0*02 11893 

10*2773793 


Tang. 
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f.  Sum  or  A A: 
to  f.  Z.  C 
So  BC 


99'  2 ’•  '5  * 
5;  40 

840 


To  AB  =±2  741*2 


9*1012880 

9.97T  1092 
9*9168593 
09242793 

0*8699404 


Fora  2d  Example — Suppofe  it  were  required  to  find 
the  diftance  between  two  inacceffible  objects,  as  between 
the  houfe  and  mill,  H and  M ; firll  meafure  any  con- 
venient line  on  the  ground,  as  AB,  300  yards;  then 
at  the  ftation  A take  the  angles  BAM  —58°  20^  ; 
and  MxYH  = 37° ; alfo  at  the  ftation  B take  the 
angles  ABH  = 53°  30',  and  HBM  = 45°  15";  from 
hence  the  diftance  or  length  MH  maybe  found,  either 
by  geometrical  conftrudlion,  or  by  trigonometrical  caL 
culation,  thus  ; 

Firfl  draw  a line  AB  of  the  given  length  of  300, 
by  a convenient  fcalc  of  equal  parts  ; then  at  the  point 
A lay  down  the  angles  BAM  and  MAH  of  the  mag- 
nitudes 


LON 


LON 
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aitudcs  above  given  ; and  alfo  at  the  point  B the  given 
angles  ABH  and  HBM  : then  by  applying  the  length 
HM  to  the  fame  fcale  of  equal  parts,  it  is  found  to  be 
nearly  480  yards. 

Otheruafe,  by  calculation.  Firft,  by  adding  and 
fubtrafling  the  angles,  there  is  found  as  below  ; 


37° 

00'' 

58® 

20' 

53° 

30' 

20 

53 

30 

45 

‘ 5 

53 

30 

45 

15 

fum  98 

45  A ABM 

films 

148 

50 

L'7 

05 

from 

iSo 

00 

180 

00 

^ AHB 

3^ 

10 

22 

55 

zl  AMB 

Then, 

as  fin.  A HB  ; fin.  ABH  : : AB  : AH  = 465  *9776, 
and, as  fin.  AMBr fin..  ABM  : ; AB  : AM  = 761-4655; 

their  fum  is  1227*4431 
and  their  diff.  295*4870 
Then  as  fum  AM  -f  AH  r to  dif.  AM  — AH  ^ ; 

tang.  ~ AHM  -f  ~ AMH  =71®  30', 
to  tang^-^  AHM  — ^ AMH  = 35  44 

the  dif.  of  which  is  AMH  = 3 c 46. 

Lafily, 

as  f.  AMH  ; f . MAH  : : AH  : HM  =470*7033, 
the  diftance  fought. 

I..ONGITUDE  of  the  Earthy  is  fometimes  ufed  to 
denote  its  extent  from  well  to  eall,  according  to  the 
diredion  of  the  equator.  By  which  it  Hands  contra- 
diftinguilhed  from  the  Latitude  of  tlie  earth,  which  de- 
notes its  extent  from  one  pole  to  the  other. 

Longitude  of  a Place^  in  Geography,  is  Its  longi- 
tudinal difiance  from  fome  firft  meridian,  or  an  arch  of 
the  equator  intercepted  between  the  meridian  of  that 
place  and  the  firfi  meridian. 

Longitude  in  the  Heavens,  as  of  a liar,  (See,  is  an 
arch  of  the  ecliptic,  counted  from  the  beginning  of 
Aries,  to  the  place  where  it  is  cut  by  a circle  perpen- 
dicular to  it,  and  paffing  through  the  place  of  the  fiar. 

Longitude  of  tf>e  Sun  or  Star  froni  the  next  equinoc- 
tial potnfy  is  the  degrees  they  are  diftant  from  the  be- 
ginning of  Aries  or  Libra,  either  before  or  after  them  ; 
which  can  never  exceed  180  degrees. 

Longitude,  Geocentric,  llehekentric,  &c,  the  Lon- 
gitude of  a planet  as  feen  from  the  earth,  or  from  the 
fun.  See  the  refpeAive  terms. 

Longitude,  in  Navigation,  is  the  dillance  of  a Ihip, 
or  place,  eall  or  well,  from  fome  other  place  or  me- 
ridian, counted  in  degrees  of  the  equator.  When  this 
diftance  is  counted  in  leagues,  or  miles,  or  in  degrees 
of  the  meridian,  and  aot  in  thofe  proper  to  the  paral- 
lel of  Latitude,  it  is  ufually  called  Departure. 

An  eafy  praflicable  method  of  finding  tlie  Longi- 
tude at  fea,  is  the  only  thing  wanted  to  render  the 
Art  of  Navigation  perfedl,  and  is  a problem  that  has  . 
greatly  perplexed  mathematicians  for  the  lall  two  cen- 
turies ; accordingly  mofi  of  the  commercial  nations  of 
Europe  have  offered  great  rewards  for  the  difeovery  of 
it  ; and  in  conlequencc  very  confidernble  advances  have 
been  made  towards  a perfedl  folution  of  the  problem, 
€fpecially  by  the  Englifli, 


In  the  year  1598,  the  government  of  Spain  offered  a 
reward  of  looo  crowns  for  the  folution  of  this  problem  ; 
and  foon  after  the  States  of  Holland  offered  lo  thou- 
fand  florins  for  the  fame.  Encouraged  by  fuch  offers, 
in  1635,  M.  John  Morin,  profeffor  of  mathematics  at 
Paris,  propofed  to  cardinal  Richlieu,  a method  of  re- 
folving  it  ; and  though  the  commiflioncrs,  who  were 
appointed  to  examine  this  method,  on  account  of  the 
imperfeeft  flate  of  the  lunar  tables,  judged  it  infuffi- 
cient,  cardinal  Mazarin,  in  1645,  procured  for  the  au- 
thor a penfion  of  2000  livres. 

In  1714  iidl  was  paffed  in  the  Britifii  parliament, 
allovving  2000I.  towards  making  experiments  ; and  alfo 
offering  a reward  to  the  perfon  who  fhould  difcover  the 
Longitude  at  fea,  proportioned  to  the  degree  of  accu- 
racy that  might  be  attained  by  fuch  difeovery  ; viz,  a 
icwaid  of  io,oool.  if  it  determines  the  Longitude  to 
one  degree  of  a great  circle,  or  60  geographical  miles  ; 

I 5>0'^ol.  if  It  determines  the  fame  to  two-thirds  of  that 
diftance;  and  20,000].  if  it  determines  it  to  half  that' 
dillance  ; with  other  regulations  and  encouragements^ 

1 2 Ann,  cap.  i 5.  See  alfo  flat.  14  Geo.  II,  cap.  39,  and 
26  Geo.  II,  cap.  25.  But,  by  flat.  Geo.  -HI,  all 
former  adls  concerning  tlie  Longitude  at  fea  are  re- 
pealed, except  fo  much  of  them  as  relates  to  the  ap- 
pointment and  authority  of  the  commiflioncrs,  and 
Inch  claufes  as  relate  to  the  publifliing  of  nautical  al- 
manacs, and  other  iifeful  tables  ; and  it  enadls,  that  any 
perfon  who  fliall  difcover  a method  for  finding  the 
L.ongitiide  by  means  of  a time-keeper,  the  principles 
of  which  have  not  hitherto  been  made  public,  fliall  be 
entitled  to  the  reward  of  5000I.  If  it  fhall  enable  a fhip’ 
to  keep  her  Longitude,  during  a voyage  of  6 months, 
^vIthIll  60  geographical  miles,,  or  one  degree  of  a great 
circle;^  to  7500I.  if  wltlrfn  40  geographical  miles,  or 
two-thirds  of  a degree  of  a great  circle  ; or  to  a re- 
ward of  10, cool,  if  within  30  geographical  miles,  ar 
half  a degree  of  a great  circle.  But  if  the  method 
fnall  be  by  means  of  improved  folar  and  lunar  tables, 
the  author  of  them  fhall  be  entitled  to  a reward  of 
5000I.  If  they  Ihew  the  difiance  of  the  moon  from  the 
fun  and  ftars  within  15  ''  of  a degree,  anfwTring  to 
about  7^  of  Longitude,  after  making  an  allowance  of 
half  a degree  for  the  errors  of  obfervation,  and  after 
coinpanfon  with  afironomical  obfervations  for  a period 
of  i8|  years,  or  during  the  period  of  the  irregnlaritieg 
of  the  lunar  motions.  Or  that  In  cafe  any  other  me- 
thod fhall  be  propofed  for  finding  the  Longitude  at  fea, 
befides  thofe  befwre-mentioncd,  the  author  lhall  be  en- 
titled to  5000I,  if  it  fhall  determine  the  Longitude 
within  one  degree  of  a great  circle,  or  60  geographical 
miles to  7^'col.  if  within  two-thirds  of  that  dlltancc  ; 
and  to  10, cool,  if  wnthin  half  the  faid  difiance. 

Accordingly,  many  attempts  have  been  made  for 
fuch  difeovery,  and  feveral  ways  propofed,  with  various 
degrees  of  fuccefs.  Ihefe  however  have  been  chiefly 
directed  to  methods  of  determining  the  difference  of 
time  between  any  two  points  on  the  earth  ; for  the 
Longitude  of  any  place  being  an  arch  of  the  equator 
intercepted  between  two  meridians,  aud  this  arc  being 
proportional  to  the  time  required  by  the  fun  to  move 
from  the  one  meridian  to  the  other,  at  the  rate  of  4 
minutes  of  time  to  one  degree  of  the  arch,  it  follow* 
that  the  difference  of  time  being  known,  and  turned  ‘ 
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into  degrees  according  to  that  proportion,  it  will  give 
the  Longitude. 

Th  is  meafurement  of  time  has  been  attempted  by 
fome  pcrfons  by  means  of  clocks,  watches,  and  other 
automata  : for  if  a clock  or  watch  were  contrived  to 
go  uniformly  at  all  feafons,  and  in  all  places  and  fitua- 
tions  ; fuch  a machine  being  regulated,  for  inftance,  to 
London  or  Greenwich  time,  would  always  (hew  the 
time  of  the  day  at  London  or  GrejLmwich,  wherever 
it  Ihould  be  carried  to  ; then  the  time  of  the  day  at  this 
place  being  found  by  obfervadons,  the  dilterence  be- 
tween thefe  two  times  would  give  the  difference  of 
I-ongitude,  according  to  the  proportion  of  one  degree 
t‘o  4 minutes  of  time. 

Gemma  Frifius,  in  his  tra£l  De  Principiis  Aflrono- 
mias  et  Geographias,  printed  at  Antwerp  in  1530,  it 
feems  firfl  fuggefled  the  miethod  of  finding  the  Longi- 
tude at  fea  by  means  of  watches,  or  time-keepers; 
which  machines,  he  fa^’s,  were  then  but  lately  invented. 
And  foon  after,  the  fame  was  attempted  by  Metius, 
and  fome  others ; but  the  ftate  of  watch-making  was 
then  too  imperfedt  for  that  purpofe.  Dr.  Hooke  and 
Mr.  Huygens  alfo,  about  the  year  1664,  applied  the 
invention  of  the  pendulum-fpring  to'  watches  ; and  em- 
ployed it  for  the  purpofe  of  difcovering  the  I^ongitude 
at  fea.  Some  difputes  however  befW'Cen  Dr.  Hooke 
and  the  Englifh  Miniftiy  prevented  any  experiments 
from  being  made  with  w^atches  conflruCled  by  him  ; but 
many  experiments  were  made  with  fome  conftrudled  by 
Huygens;  particularly  Major  Holmes,  in  a voyage  from 
the  coaft  of  Guinea  in  ibby,  by  one  of  thefe  watches 
predifted  the  Longitude  of  the  ifland  of  Fuego  to  a 
great  degree  of  accuracy.  This  fuccefs  encouraged 
Huygens  to  improve  the  llrudlure  of  his  watches, 
(fee  Philof.  Tranf.  for  May  1669)  ; but  experience 
foon  convinced  him,  that  unlefs  methods  could  be 
difcovered  for  preferving  the  regular  motion  of  fuch 
machines,  and  preventing  the  effedts  of  heat  and  cold, 
and  other  difturbing  caufes,  they  could  never  anfwer 
the  intention  of  difcovering  the  Longitude,  and  on  this 
account  his  attempts  failed. 

The  firft  perfon  who  turned  his  thoughts  this  way, 
after  the  public  encouragement  held  out  by  the  adl  of 
17 14,  was  Henry  Sully,  an  Englifliman  ; who,  in  the 
fame  year,  printed  at  Vienna,  a fmall  trade  on  the  fub- 
iedl  of  watch-making  ; and  afterwards  removing  to 
Paris,  he  employed  himfelf  there  in  improving  time- 
keepers for  the  difeovery  of  the  Longitude.  It  is  faid 
he  greatly  diminifhed  the  fridiion  in  the  machine,  and 
rendered  uniform  that  which  remained:  and  to  him  is 
principally  to  be  attributed  what  is  yet  known  of  watch- 
making in  France  : for  the  celebrated  Julien  le  Roy 
was  his  pupil,  and  to  him  owed  moil  of  his  inventions, 
which  he  afterwards  perfedfed  and  executed  : and  this 
gentleman,  with  his  fon,  and  M.  Berthoud,  are  the 
principal  perfons  in  France  who  have  turned  their 
thoughts  this  way  fince  the  time  of  Sully.  Several 
watches  made  by  thefe  laft  two  artills,  have  been  tried 
at  fea,  it  Is  faid  with  good  fuccefs,  and  large  accounts 
have  been  publifhed  of  thefe  trials. 

In  the  year  1 726  our  countryman,  Mr.John  Harrifon, 
produced  atime-keeperof  his  ownconftruftion,wdiichdid 
not  err  above  onefecond  in  a month,  for  10  years  toge- 
ther: and  in  the  year  1736  he  had  a machine  tried  in  a 


voyage  to  and  from  Lifhon ; wdiich  was  the  means  of  cor- 
redfing  anerrorofalmoft  adegree  and  a half  in  the  compu- 
tation of  the  (hip’s  reckoning.  In  confequence  of  this  fuc- 
cefs, Mr.  Harrifon  received  public  encouragement  to  pro- 
ceed, and  he  made  three  other  time-keepers,  each  more 
accurate  than  the  former,  which  were  finiflred  fncceflively 
in  the  years  I739>  I75^>  1761  ; the  laid  of  which 

proved  fo  much  to  his  own  fatisfadllon,  that  he  applied 
to  die  commiffioners  of  the  Longitude  to  have  this  in- 
ftrument  tried  in  a voyage  to  fome  port  in  the  Well 
Indies,  according  to  the  diredlions  of  the  ftatute  ol[the 
1 2th  of  Anne  above  cited.  Accordingly,  Mr.  William 
Harrifon,  fon  of  the  inventor,  embarked  in  November 
1761,  on  a voyage  for  Jamaica,  with  this  4th  time- 
keeper or  watch ; and  on  his  arrival  thei*e,  the  Longitude, 
as  fliewn  by  the  time-keeper,  differed  but  one  geogra- 
phical mile  and  a quarter  Lorn  the  true  Longitude,  de- 
duced from  aftronomical  obfervations.  The  fame  tren- 
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tleman  returned  to  England,  with  the  time-k^ieper,  in 
March  1762  ; when  he  found  that  it  had  erred,  in  the 
4 months,  no  more  than  i'  54' ^ in  time,  or  28|-  mi- 
nutes of  Longitude  ; wTereas  the  act  requires  no  greater 
exadlnefs  than  30  geographical  miles,  or  minutes  of  a 
great  circle,  in  fuch  a voyage.  Mr,  Harrifon  now 
claimed  the  wdiole  rewrard  of  20,oocI,  offered  ffy  the 
faid  a6l : but  fome  doubts  ariling  in  the  minds  of  the 
commiffioners,  concerning  the  true  fituation  of  the 
ifland  of  Jamaica,  and  the  manner  in  wFich  the  time  at 
that  place  had  been  found,  as  well  as  at  Portfmouth  ; 
and  it  being  farther  fuggefted  by  fome,  that  although 
the  time-keeper  happened  to  be  right  at  Jamaica,  and 
after  its  return  to  England,  it  was  by  no  means  a proof 
that  it  had  been  always  fo  in  the  intermediate  times ; 
another  trial  w^as  therefcre  propofed,  in  a voyage  to 
the  ifland  of  Barbadoes,  in  which  precautions  were 
taken  to  obviate  as  many  of  thefe  objedlions  as  polTible. 
Accordingly,  the  commiffioners  previoiifly  fent  out  pro- 
per perfons  to  make  aftronomical  obfervations  at  that 
ifland,  wffiich,  when  compared  with  other  correfpond- 
ing  ones  made  ill  England,  would  determine,  beyond  a 
doubt,  its  true  fituation:  and  Mr.  William  Harrifon  again 
fet  out  with  his  father’s  time  keeper,  in  March  1764,  the 
watch  having  been  compared  with  equal  altitudes  at 
Portfmouth,  before  he  fet  out,  and  he  arrived  at  Bar- 
badoes  about  the  middle  of  May  ; where,  on  comparing 
it  again  by  equal  altitudes  of  the  fun,  it  was  found  to 
ffiew  the  difference  of  Longitude,  between  Portfmouth 
and  Barbadoes,  to  be  3'’  3®;  the  true  difference  of 

Longitude  between  thefe  places,  by  aftronomical  ob- 
fervations, being  3''  34""  20®;  fo  that  the  error  of  the 
watch  was  43%  or  10'  43'' of  Longitude.  In  confe- 
qiience  of  this,  and  the  former  trials,  Mr.  Harrifon  re- 
ceived one  moiety  of  the  reward  offered  by  the  12th  of 
C^een  Anne,  after  explaining  the  principles  on  which 
his  watch  was  conilrudled,  and  delivering  this  as  well  a-s 
the  three  former  to  the  Commiffioners  of  the  Longitude, 
for  the  ufe  of  the  public : and  he  was  proraifed  the 
other  moiety  of  the  reward,  when  other  time-keepers 
ffiould  be  made,  on  the  fame  principles,  either  by  him- 
felf or  others,  performing  equally  well  with  that  which 
he  had  laft  made.  In  the  mean  time,  this  iaft  time- 
keeper was  fent  down  to  the  Royal  Obfervatory  at 
Greenwich,  to  be  tried  there  under  the  diredion  of  the 
Rev.  Dr,  Maikelyne,  the  Affronomer  Royal.  But  it 
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did  not  appear,  during  this  trial,  that  the  watch  went 
with  the  regularity  that  was  expefted ; from  which  it 
was  apprehended,  that  the  performance  even  of  the 
fame  watch,  was  not  at  all  times  equal;  and  confe- 
fequently  that  little  certainty  could  be  expedied  in  the 
performance  of  different  ones.  Moreover,  the  watch 
was  now  found  to  go  fafler  than  during  the  voyage  to 
and  from  Barbadocs,  by  iS  .or  19  feconds  in  24  hours  : 
but  this  circumftance  was  accounted  for  bv  Mr.  Harri- 
fon  ; who  informs  us  that  he  had  altered  the  rate  of  its 
going  by  trying  fome  experiments,  which  he  had  not 
time  to  finifli  before  he  was  ordered  to  deliver  up  the 
watch  to  the  Board.  Soon  after  this  trial,  the  Cam- 
rnilTionersofLongicude  agreed  with  Mr.  Kendal,  one  of 
the  watch-makers  appointed  by  them  to  receive  Mr. 
Harrifon’s  difcovericsj  to  make  another  watch  on  the 
fame  conftruclion  with  this,  to  determine  whether 
fuch  watches  could  be  made  from  the  account  which 
Mr.  Harrifon  had  given,  by  other  perfons,  as  well  as 
liimfelf.  The  event  proved  the  afiirmative;  for  the 
watch  produced  by  Mr.  Kendal,  in  confeqiience  of  this 
agreement,  went  conliderably  better  than  Mr.  Hairi- 
fon’sdid.  Mr.  Kendal’s  watch  was  fent  out  with  Capt. 
Cook,  in  his  2d  voyage  towards  the  fouth  pole  and  round 
the  globe,  in  the  year  1 772,  1773,  ^774*  1775,; 

when  the  only  fault  found  in  the  watch  w'as,  that  its 
rate  of  going  was  continually  accelerated  ; though  in 
this  trial,  of  3 years  and  a half,  it  never  amounted  to 
14'"!:  a day.  The  confeqiience  was,  that  the  Houfe  of 
Commons  in  177^,  to  whom  an  appeal  had  been  made, 
were  pleafed  to  order  the  2d  moiety  of  the  reward  to  be 
given  to  Mr.  Karrifon,  and  to  pafs  the  adl  above  men- 
tioned. Mr.  Harrifon  had  alfo  at  different  times  re- 
ceived fome  other  fums  of  money,  as  encouragements  to 
him  to  continue  his  endeavours,  from  the  Board  of  Lon- 
gitude, and  from  the  India  Company,  as  well  as  from 
many  individuals.  Mr.  Arnold  and  fome  other  per- 
fons have  fince  alfo  made  feveral  veiy  good  watches 
for  the  fame  purpofe. 

Others  have  propofed  various  atlronoraical  methods 
for  finding  the  Longitude.  Thefe  methods  chiefly  de- 
pend on  having  an  ephtmeris  or  almanac  fuited  to  the 
meridian  of  fome  place,  as  Greenwich  for  inllancc,  to 
which  the  Nautical  Almanac  is  adapted,  which  fhall 
contain  for  every  day'  computations  of  the  times  of  all 
remarkable  celefiial  motions  and  appearances,  as  adapted 
to  that  meridian.  So  that,  if  the  hour  and  minute  be 
known  when  any  of  the  fame  phenomena  are  obferved 
in  any  other  place,  whofe  Longitude  is  defired,  the 
difference  between  this  time  and  that  to  which  the  time 
of  the  faid  phenomenon  was  calculated  and  fet  down  in 
the  almanac,  will  be  known,  and  confeqiiently  the 
difference  of  Longitude  alfo  becomes  known,  between 
that  place  and  Greenwich,  allowing  at  the  rate  of  15 
degrees  to  an  hour. 

Now  it  is  eafy  to  find  the  time  at  any  place,  by  means 
of  the  altitude  or  azimuth  of  the  fun  or  fiars  ; which 
time  it  is  neceffary  to  find  by  fuch  means,  both  in  thefe 
agronomical  modes  of  determining  the  Longitude,  and 
in  the  former  by  a time-keeper  ; and  it  is  the  difference 
between  that  time,  fo  determined,  and  the  time  at 
G rcenwich,  known  either  by  the  time-keeper  or  by  the 
agronomical  obfervations  of  celeftial  phenomena,  which 
gives  the  difference  of  X^ongitude,  at  the  rate  above- 


pientioned.  Now  the  difficulty  in  thefe  methc>ds  lies 
in  the  fewnefs  of  proper  phenomena,  capable  of  being 
thus  obferved  ; for  all  flow  motions,  fuch  as  belong  to 
the  planet  Saturn  for  inftance,  are  quite  excluded,  as 
affording  too  fmall  a difference,  in  a confiderable  fpace 
of  time,  to  be  properly  obferved  ; and  it  appears  that 
there  are  no  phenomena  in  the  heavens  proper  for 
this  purpofe,  except  the  eclipfes  or  motions  of  Jupiter’s 
fatelhtes,  and  the  eclipfes  or  motions  of  the  moon,  viz, 
fuch  as  her  difiance  from  the  fun  or  certain  fixed  ftars 
lying  near  her  path,  or  her  Ijongitude  or  place  in  the 
zodiac.  See.  Now  of  thefe  metliods, 

ill,  T.  hat  by  the  eclipfes  of  the  moon  is  very  eafy, 
and  fufliciently  accurate,  if  they  did  but  happen  often, 
as  every  night.  For  at  the  moment  wlien  the  beglir- 
nlng,  or  middle,  or  end  of  an  eclipfe  is  obferved  by  a 
telefcope,  there  is  no  more  to  be  done  but  to  deter- 
mine the  time  by  obferving  the  altitude  or^azimuth  of 
fome  known  ftar  ; which  tinre  being  compared  with 
tnat  in  the  tables,  fet  down  for  the  happening  of  the 
fame  phenomenon  at  Greenwich,  gives  the  difference  in 
time,  and  confcquently  of  Longitude  fought.  But  as 
the  beginning  or  end  of  an  eclipfe  of  the  moon  cannot 
generally  be  obferved  nearer  than  one  minute,  and 
iometimes  2 or  3 minutes  of  time,  the  Longitude  cannot 
certainly  be  determined  by  this  method,  from  a fingle 
oblcrvation,  nearer  than  one  degree  of  Longitude. 
However,  by  two  or  more  obfervations,  as  of  the  begin- 
ning and  end  See,  a much  greater  degree  of  exadtnefs 
may  be  attained. 

2d,  The  moon’s  place  in  the  zodiac  is  a phenome- 
non more  frequent  than  that  of  her  eclipfes  ; but  then 
the  obfervation  of  it  is  difficult,  and  the  calculus  per- 
plexed and  intricate,  by  reafoii  of  two  parallaxes  ; fo 
that  it  Is  hardly  practicable,  to  any  tolerable  degree  of 
accuracy.  , 

3d,  But  .the  moon’s  dIfiances  from  the  fun,  or  certain 
fixed  liars,  are  phenomena  to  he  obferved  many  times 
rn  almofl  every  night,  and  afford  a good  practical  me- 
thod of  determining  the  Longitude  of  a flilp  at  almoU 
any  time  ; either  by  computing,  from  tlience,  the  moon’s 
true  place,  to  compare  with  the  fame  in  the  almanac  ; 
or  by  comparing  her  obferved  diilance  itfelf  with  the 
fame  as  there  fet  down. 

It  is  faid  that  the  hrft  perfon  who  recommended  the 
finding  the  Longitude  from  this  obferved  difiance  be- 
tween the  moon  and  fome  flar,  was  John  Werner,  of 
Nuremberg,  who  printed  his  annotations  on  the  firll 
book  of  Ptolomy’s  Geography  in  15 14.  And  the  fame 
thing  was  recommended  in  1524,  by  Peter  Apian,  pro- 
felfor  of  mathematics  at  Ingolfladt ; alfo  about  1530, 
by  Oronce  Fine,  of  Brian^oii  ; and  the  fame  y'ear  by 
the  celebrated  Kepler,  and  by  Gemma  Fnfius,  at  Ant- 
werp ; and  in  1560,  by  Nonius  or  Pedro  Nunez. 

Nor  were  the  Englifh  mathematicians  behind  hand  on 
this  head.  In  1665  Sir  Jonas  Moore  prevailed  on  king 
Charles  the  2d  to  credl  the  Royal  Obfervatory  at  Green- 
wich, and  to  appoint  Mr.  Flamlleed  his  ailronomical 
obferver,  with  this  exprefs  command,  that  he  fhould 
apply  himfelf  with  the  utmoll  cai'e  and  diligence  to  the 
reftifying  the  table  of  the  motions  of  the  heavens,  and 
the  places  of  the  fixed  liars,  in  order  to  find  out  the 
fo  much  defired  Longitude  at  fea,  for  perfedling  the 
Art  of  Navigation.  And  to  the  fidelity  and  indullry 
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which  Mr.  Flamfteed  executed  his  eommlfTiou,  it 
is  that  we  are'  chiefly  indebted  for  that  cuiious  theory 
of  the  moon,  which  was  afterwards  formed  by  the  im- 
mortal Newton.  This  incomparable  philofopher  made 
the  bed  pofiible  ufe  of  the  obfervations  with  v/hich  he 
was  furniflied  ; but  asthefe  were  interrupted  and  imper- 
fecf,  his  theory  would  fometimes  diifer  from  the  hea- 
A'cns  by  i;  minutes  or  more. 

Dr.  Halley  bellowed  ;much  time  on  the  fame  objedl  ; 
and  a Starry  Zodiac  was  publilhed  under  his  diredlion, 
containing  all  the  liars  to  which  the  moon’s  appulfe  can 
be  cbferved  ; but  for  want  of  corrcdl  tables,  and  pro- 
per Inilruments,  he  could  not  proceed  in  making  the 
ueceffary  obfervations.  In  a paper  on  this  fubjedl,  in 
the  Philof.  Tranf.  number  421,  he  exprefies  his  hope, 
that  the  inflriiment  juft  invented  by  Mr.  Hadley  might 
be  applied  to  taking  angles  at  fea  with  the  defired  ac- 
curacy. This  great  aftronomer,  and  after  him  the  Abbe 
de  la  Caille,  and  others,  have  reckoned  the  befl:  altro- 
nomtcal  metliod  for  finding  the  Longitude  at  fea,  to  b-e 
that  in  which  the  dillance  of  tlie  moon  from  the  fun  or 
from  a liar  is  ufed  ; for  the  moon’s  daily  motion  being' 
about  1 3 degrees,  her  hourly  mean  motion  is  above  half 
n degree,  or  one  minute  of  a degree  in  two  minutes  of 
time  ; fo  that  an  error  of  one  minute  of  a degree  in  po- 
rtion will  produce  an  error  of  2 minutes  in  time,  or 
'half  a degree  in  Longitude.  Now  from  the  great  im- 
provements made  by  Newton  in  the  theory  of  the  moon, 
and  more  lately  by  Euler  and  others  on  his  principles, 
profciTor  Mayer,  of  Gottengen,  was  enabled  to  calculate 
lunar  tables  more  correct  than  any  former  ones  ; hav- 
ing fo  far  fucceeded  as  to  give  the  moon’s  place  within 
one  minute  of  the  truth,  as  has  been  proved  by  a com- 
parifon  of  the  tables  with  the  obfervations  made  at  the 
Greenwich  obfervatory  by  the  late  Dr.  Bradley,  and  ''j 
Dr.  Maflceliiie,  the  prefent  Allronomcr  Royal;  ano  cue 
fame  have  been  flill  farther  improved  under  his  direction, 
by  the  late  Mr.  Charles  Mafon,  by  feveral  new  equations, 
and  the  whole  computed  to  tenths  of  a fecond.  Thefe 
new  tables,  when  compared  with  the  above-mentioned 
feries  of  obfervations,  a proper  allowance  being  made 
for  the  unavoidable  error  of  obfervation,  feem  to  give 
always  the  moon’s  Longitude  in  the  heavens  corredlly 
within  30  feconds  of  a degree  ; which  greatefl  error, 
added  to  a poffible  error  of  one  minute  in  taking  the 
moon’s  diftance  from  the  fun  or  a flar  at  fea,  will  at  a 
medium  only  produce  an  error  of  42  minutes  of  Longi- 
tude. To  facilitate  the  ufe  of  the  tables,  Dr.  Mafkelyne 
propofed  a nautical  ephemeris,  the  fehem^  of  v/hich  was 
adopted  by  the  Cornmiflloners  of  Longitude,  and  flrll 
executed  in  the  year  1767,  flnee  which  time  it  has  been 
regularly  continued,  and  publilhed  as  far  as  for  the  year 
3 800.  But  as  the  rules  that  were  given  in  the  appendix 
to  one  of  thofe  publications,  for  corredfing  the  elfedls  of 
■refradfion  and  parallax,  were  thought  too  diflicult  for 
general  ufe,  they  have  been  reduced  to  tables.  80  that, 
by  the  help  of  the  ephemeris,  thefe  tables,  and  others 
that  are  aifo  provided  by  the  Board  of  liOngitude,  the 
calculations  relating  to  the  Longitude,  which  could 
not  be  performed  by  the  mofl;  expert  matliematician  in 
iefs  than  four  hours,  may  now  be  completed  with 
great  eafe  and  accuracy  in  half  an  hour. 

As  this  metiiod  of  determining  the  Longitude  de- 
|)enck  01  the  ufe  of  the  tables  annually  pubiiflted  for 


this  purpofc,  thofe  who  wifli  for  farther  InformatiGn  arc 
referred  to  the  inftrudfions  that  accompany  tliem,  and 
particularly  to  thofe  tliat  are  annexed  to  the  T'ahles 
rsqulfite  to  he  ufed  nvith  the  AJlronoinical  and  Nautical 
Ephemeris^  2d  edit.  1781. 

4th.  The  phenomena  of  jupiter^s  fatellites  have 
conamonly  been  preferred  to  thofe  of  the  moon,  for 
flnding  the  Longitude  ; becaufe  they  are  Icfs  liable  to 
parallaxes  than  thefe  arc,  and  befides  they  afford  a very 
commodious  obfervation  whenever  the  planet  is  above 
the  horizon.  Their  motion  is  very  fwift,  and  mud;  be 
calculated  for  every  hour,  Thefe  fatellites  of  Jupiter 
were  no  fooner  announced  by  Gailileo,  in  his  Syderiui 
Nuncius,  flrfl  printed  at  Venice  in  16  fO,  than  the  fre- 
quency of  th-eir  eclipfes  lecommended  them  for  this  pur- 
pofe  I and  among  thofe  who  treated  on  this  fubjedf, 
none  was  more  fhcctfsful  than  Caflini.  This  great 
aiironomer  publiflied,  at  Bologna,  in  1688,  tables  for 
calculsting  the  appearances  of  thy Ir  eclipfes,  with  di- 
rections for  knding  the  Longitudes  of  pLces  by  them  | 
and  being  invited  to  France  by  Louis  the  14th,  he  there, 
in  the  year  1693,  publifhed  more  correCt  tables  of  the 
fame.  But  tlie  mutual  attractions  of  the  fatellites  ren- 
dering their  motions  very  irregular,  thofe  tables  foon  be- 
came ufelefs  for  this  purpofc  ; infomuch  tliat  they  re- 
quire to  be  renewed  from  time  to  time  , a fervice  which 
has=Teen  performed  by  feveral  ingenious  aflronomers,  as 
Df.  Pound,  Dr.  Bradley,  M.  Caflini  the  fon,  and  more 
efpecially  by  Mr.  Wargentin,  whofe  tables  are  much 
efleemed,  which  have  been  pufeliflied  in  feveral  places, 
as  alfo  in  the  Nautical  Almanacs  for  1771.  and  1779. 

Now,  to  And  the  Longitude  by  thefe  fatellites  ; with 
a gotxl  telefcope  obferve  fome  of  their  phenomena,  as 
the  conjundlion  of  two  of  them,  or  of  ofie  of  them  with 
Jupiter,  &c  ; and  at  the  fame  time  find  the  hour  and 
minute,  from  the  ajtitudes  of  the  ftars,  or  by  means  of 
a clock  or  watch,  previoufly  regulated  for  the  place  of 
obfervation  ■;  then,  confulting  tables  of  the  fatellites, 
obferve  the  time  when  the  fame  appearance  happens  in 
the  meridian  of  the  place  for  which  the  tables  are  cal- 
culated ; and  the  difl'erence  of  time,  as  before,  will 
give  the  Longitude. 

The  eclipfes  of  the  firft  and  fccoud  of  Jupiter’s  fate!** 
lites  are  the  moll  proper  for  this  purpofc  ; and  as  they 
happen  almoft  daily,  they  afford  a ready  means  of  deter- 
mining  the  Longitude  of  places  at  land,  having  indeed 
contributed  much  to  tlie  modern  improvements  in^geo- 
grapby  ; and  if  it  were  poifible  to  obferve  them  with 
proper  telcfcopes,  in  n fnip  under  fail,  they  would  be  of 
great  fervice  in  afcertainlng  its  Longitude  from  time  to 
time.  To  obviate  the  inconvenienerto  which  tkefe  ob- 
fervations are  liable  from  the  motions  of  the  fhip,  a Mr. 
Irwin  invented  v/hat  he  called  a marine  chair  ; this  was 
tried  by  Dr.  Maficelyne,  in  his  voyage  to  Barbadocs, 
when  it  v/as  not  found  that  any  benefit  could  be  derived 
from  the  ufe  of  It.  And  indeed,  confideiiiig  the  great 
power  requifite  in  a telefcope  proper  for  thefe  obferva- 
tions, and  the  violence,  as  well  as  irregularities  in  the 
motion  of  a flrip,  it  is  to  be  feared  that  the  complete 
management  of  a telefcope  on  fhip-board,  will  always 
remain  among  the  defiderata  in  this  part  of  nautical 
fcience.  And  farther,  fince  all  methods  that  depend 
on  the  phenomena  of  the  heavens  have  alfo  this  other 
defedl,  that  they  cannot  be  obferved  at  all  times,  this 

renders 


L U N 


L O X [ 57  ] 


venders  tlie  improvement  of  time-keepers  an  objefl  of  the 
greater  importance. 

Many  other  fchemes  and  propofals  have  been  made  by 
different  perlons,  but  molt  of  them  of  very  little  or  no 
life  ; inch  as  by  the  fpace  between  the  flafii  and  report 
of  a great  gun,  propofed  by  Meffrs  Whlllon  and  Dit- 
ton  ; and  another  propofed  by  jMr.  Whiifon,  by  means 
of  the  inclinatory  or  dipping  needle  ; befides  a method 
by  the  variation  of  the  magnetic  needle,  &c,  &c. 

Longi  ruD£  is  a term  nfed  by  Dr.  Wallis 

for  the  meafure  of  motion,  eflimated.  according  to  its 
line  of  d-iredfion  ; or  it  is  the  diifance  or  length  gone 
tliroiigh  by  the  centre  or  any  moving  body,  as  it  moves 
on  in  a right  line. 

I'lie  fame  author  calls  tlie  meafnre  of  any  motion, 
ehimateJ  according  to  the  line  of  diredlion  of  the  vis 
inotrlx,  the  ylluturie  of  it. 

DONGOMON  FA NL^8  (Christian),  a learned 
aftronomer,  born  in  Denmark  in  in  the  village 

of  I.ongomontum,  whence  he  took  his  name.  \'ori]L]s, 
by  miHakc,  calls  liim  Chrlilopher.  Being  the  fon  of  a 
poor  man,  a plowman,  he  was  obliged  to  fuTfer,  during 
his  ftudies,  all  the  hardihips  to  which  he  could  be  ex- 
pofed,  dividing  his  time,  like  the  philofopher  Cleanthes, 
between  the  cultivation  of  the  eartli  and  the  leffons  he 
received  from  themlnlfterof  the  place.  At  length,  at 
1 5 years  old,  he  ftole  away  from  his  family,  and  went 
to  Wiburg,  where  tliere  was  a college,  in  which  he 
fpenl  1 1 years  ; and  though  he  was  obliged  to  earn  his 
livelihood  as  he  could,  his  clofe  ap)plication  to  Ifudy 
enabled  him.  to  make  a great  progrefs  in  learning,  par- 
ticularly in  the  mathematical  fciences. 

From  hence  he  went  to  Copenhagen  ; where  the  pro- 
feffors  of  that  iiniverfity  foon  conceived  a very  high  opi- 
nion of  him,  and  recommended  him  to  the  celebrated 
Tycho  Brahe  ; with  whom  Longomontanus  lived  8 
years,  and  was  of  great  fervice  to  him  in  his  obferva- 
tions  and  calculations.  At  length,  being  very  defirous 
of  obtaining  a profelTor’s  chair  in  Denmark,  Tycho 
Brahe  confented,  with  fome  difficulty,  to  his  leaving 
him  ; giving  him  a difeharge  filled  wdth  the  higheft  teff  i- 
monies  of  his  efteetn,  and  fnrnifhing  him  evith  money 
for  the  expence  of  his  long  journey  from  Germany, 
whither  Tycho  had  retired. 

He  accordingly  obtained  a profefforfhip  of  mathema- 
tfes  in  the  Iiniverfity  of  Copenhagen  in  i6c£;  ; tlie  duty 
of  wdiich  he  difeharged  very  worthily  till  his  death, 
which  happened  in  1647,  at  85  years  of  age, 

I.ongomontanus  was  author  of  feveral  works,  wliich 
fliew' great  talents  in  mathematics  and  affronomy.  The 
moft  diftinguifhed  of  them,  is  his  /IJlronormca  Damca^ 
firft  printed  in  4to,  1621,  and  afterwards  in  folio  in 
'1 640,  with  augmentations.  He  amufed  himfelf  with 
endeavouring  to  fquare  the  circle,  and  pretended  that  he 
had  made  the  difeovery  oi  It  ; but  our  countryman  Dr. 
John  Pell  attacked  him  w^armly  on  tliat  fubjeft,  and 

proved  that  he  was  miftaken. ft  is  remarkable  that, 

obfeure  as  his  village  and  father  were,  he  contrived  to 
dignify  and  eternize  .them  both  ; for  he  took  his  name 
from  his  village,  and  in  the  title  page  to  fome  of  his 
works  he  wrote  himfelf  Chrjf  'ianus  Longornofitizmis  Se  ■ 
verm  fj'ivs,  his  father’s  name  being  Sevurin  or  Severi- 
nus. 

LOXODROMIC  Curve,  or  Spirat,  is  the  fame 
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as  the  Rhumb  line,  or  path  of  a fhip  failing  always  on 
the  fame  coiirfe  in  an  oblique  direAion,  or  making  al- 
ways the  fame  angle  with  every  meridian.  It  is  a fpe- 
cies  of  logarithmic  fpiral,  defenbed  on  the  furface  of  the 
fpherc,  having  the  meridians  for  its  radii. 

LOXODROMICS,  the  art  or  method  of  oblique 
failing,  by  the  loxodromic  or  rhumb  line. 

DOZEN  G F,  an  oblique-an-glcd  parallelogram  ; 
being  otherwife  cahed  a ihombus,  or  a rhomboides. 

ITl  BIENIETSKI  (Stanislaus),  a Polifh  gentle- 
man, born  at  Cracow,  in  1623,  and  educated  with 
great  care  by  his  father.  He  was  learned  in  affronomy, 
and  became  a celebrated  Socinian  minllfer.  He  took 
great  pains  to  obtain  a toleration  from  the  German 
princes  for  his  Socinian  brethren.  His  endeavours  how- 
ever were  all  in  vain  ; being  himfelf  pcrfecuted  by  the 
I^iitheran  miniffers,  and  bamfhed  from  place  to  place; 
till  at  kngth  he  vvasbanlfhed  out  of  the  world,  with  his 
tv\o  daughters,  bv' poifoii,  in  1673,  his  wife  narrowly 
cfcaping. 

We  have,  of  his  writing,  ^4  ITillory  of  the  ReformaticH 
In  P eland  ; and  a Treatife  on  Comets,  intitled  d hea- 
irutn  Cometicnm,  printed'at  Amfterdam  in  2 volumes 
folio  ; whicli  is  a moft  elaborate  work,  containing  a mi- 
nute hiflorical  account  of  every  fingle  comet  that  had 
been  feen  or  recorded. 

LUClDA^Co.ao  S.'S,  a fixed  flar  of  the  2d  magnitude, 
ill  the  northern  crown.  See  Corona  Borealis, 

I., u c I D A H Y D R . See  C o R Hydra. 

Lucida  Lyr2f,  a bright  ffar  of  the  firfl  magnitude  ia. 
the  conffellation  Lyra. 

LUCIFER,  a name  given  to  the  planet  Venus, 
when  file  appears  in  the  morning  before  funrife. 

LUMINARIES,  a term  ufed  for  the  fun  and  moon, 
by  way'  of  eminence,  for  their  extraordinary  luftre,  and 
the  great  quantity  of  light  they  give  us. 

LUNA,  the  Moon  ; which  fee. 

LUNAR,  fometliing  relating  to  the  moon. 

Lunar  Cycle^  ox  Cycle  of  the  Moon.  See  Cycle.. 

Lunar  Method  for  (he  Longitude,  a method  of  keep- 
ing or  finding  the  Longitude  by  means  of  the  moon’s 
motions,  particularly  by  her  obferved  diffances  from  the 
fun  and  Ears  ; for  which,  fee  the  article  Longi- 
tude. 

Lunar  Month,  is  either  Periodical,  Synodical,  or 
Illuminative.  Which  fee;  alfo  Month. 

Lunar  7~car,  confiEs  of  374  days,  or  12  fynodical 
months,  of  29,  days  each.  See  Year. 

In  the  early  ages,  the  lunar  year  was  ufed  by  all  na- 
tions ; the  variety  of  courfe  being  more  frequent  and 
eonfpicuous  in  this  planet,  and  coiifequently  batter 
known  to  men,  than  tliofe  of  any  other.  The  Romans 
regulated  tlieir  year,  in  part,  by  the  moon,  even  till  the 
time  of  Julius  Cie far.  The  Jews  too  had  their  lunar 
month  and  year. 

Lunar  Hial,  EcUpfe,  Horofeope^  and  Rainbow,  See 
the  Icveral  fubllantives. 

LUNATION,  the  period  or  time  between  one  new 
moon  and  another  ; it  is  alfo  called  the  fynodical  month, 
confiding  of  29  days  12  hrs.  44m.  3 fee.  ii  thirds; 
exceeding  the  periodical  month  by  2 ds.  5 hrs.  o m. 
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LUNE,  or  Lunula,  oi  little  moon,  is  a geometri- 
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cal  figure,  in  form  of  a crefcent,  terminated  by  tlie  arcs 
of  two  circles  that  interfeCt  each  other  within. 

' Though  the  quadrature  of  the  whole  circle  has  never 
been  eiTefted,  yet  many  of  its  parts  have  been  fquared. 
The  firft  of  thefe  partial  quadratures  was  that  of  the 
Lunula?  given  by  Hippocrates  of  Scio,  or  Chios  ; who, 
from  being  a Hiipwrecked  merchant, commenced  geome- 
trician. But  although  the  quadrature  of  the  Lunebe 
generally  .aferibed  to  Hippocrates,  yet  hroclus  expreisly 
lays  it  was  found  out  by  Oenopidas  of  the  fame  place. 

' See  Heihius  in  Mem.  de  PA  cad.  de  Berlin,  tom.  ii. 
pa.  410,  v/here  he  gives  a differtation  concerning  this 

’ Oenopidas.  See  alfo  Circle,  and  QjjadraturE. 

The  Tune  of  Hippocratecs  is  this  : Let  i\BC  be  a 
femiciiclc,  having  its  centre  E,  and  ADC  a quadrant, 
having  its  centre  h ; then  the  Figure  A BCD  A,  con- 
tained between  the  arcs  of  the  iemicircle  and  quadrant, 
is  his  Lime  ; and  it  is  equal  to  the  right-angled  triangle 
ACF,  as  is  thus  eafily  proved.  Since  Al'^  = 2AE^, 
that  is,*  the-  fqiiare  of  the  radius  of  the  quadrant  equal  to 
double  the  fquare  of  the  radius  of  the  femicircle  ; there- 
fore the  quadrantal  area  ADCFA  is  — the  femicircle 
ABCEA  ; from  each  of  thefe  take  away  the  common 
fpace  ADCE  A,  and  there  remains  the  triangle  ACF 
ih,c  Lune  A.BCDA. 


Another  property  of  this  Lime,  which  is  the  moit  ge- 
neral one  of  the  former,  is,  that  if  FG  be  any  line  dtawii 
from  the  point  F,  and  AH  perpendicular  to  it  ; then 
is  the  intercepted  part  of  the  Lune  AGIA  — the  tri- 
angle AGH  cut  off  by  the  chord  line  AG  ; or  in  ge- 
neral, that  the  fmall  fegment  A KG  A is  equal  to  the 
trilineal  AlHA.  For,  the  angle  AFG  being  at  the 
centre  of  the  one  circle,  and  at  the  circumference  of  the 
other,  the  arcs  cut  off  AG,  A I are  fimllar  to  the 
wholes  ABC,  ADC,  therefore  the  fmall  feg.  AKGA 
is  to  the  femilegment  Alrl,  as  the  v/hole  femicircle 
ABCA  to  tl  le  (ernifegment  or  quadrant  ADCF,  that 
is  in  a ratio  of  equality. 

Again,  if  ABC  (fig.  2)  be  a triangle,  right  angled 
at  C,  and  if  femicircks  be  delcribed  on  the  three  fides  as 
diameters  ; then  the  triangle  T (ABC)  is  equal  to  the 
fum  of  the  two  Limes  Li,  L2.  for,  the  greatelt  fe- 
micircle  is  equal  to  the  fum  of  both  the  othei  two;  fiom 
' the  greateft  femicircle  take  av.^ay  tbefegrnents  bi  and 
S2,  and  there  remains  the  triangle  T ; alfo  from  the 
two  lefs  femicircks  take  away  the  fame  two  fegments 
S I and  S2,  and  there  remains  the  two  Limes  Li  and  L2  ; 
therefore  the  triangle  T = Li  T B2  the  two  Limes. 

LUNETTE,,  in  Fg)vtification,  an  inveloped  counter- 
guard,  or  mound  of  earth,  made  beyond  the  fecond 
ditch,  oppofiteto  the  place  of  arms  ; differing  from  the 
ravelins  only  in  their  iituation.  Lunettes  are  iifually 
made  in  wet  ditches,  and  Drve  the  fame  purpofe  as 
&uffs“bray8,  to  defend  thepaffage  of  the  ditch* 
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LUPUS,  the  Wolf,  a fouthern  conftellation,  joined  to 
the  Centaur,  containing  together  19  Lars  in  Ptolomy’s 
catalogue,  but  24  in  the  Britannic  catalogue. 

LYNX,  a conllellation  of  the  northern  hemifphere, 
compofed  by'  Flevelius  out  oi  the  unformed  liars.  In- 
his  catalogue  it  coniiffs  of  19  ftars,  but  iu  the  Britan- 
nic 4. 4* 

LYONS  (Israel),  a good  mathematician  and  bo- 
tanlil,  was  the  fou  of  a Polifii  Jew  filverfinith,  and 
teacher  of  Hebrew  at  Cambridge  in  England,  where 
be  was  come  to  fettle,  and  where  .young  Lyons  was 
born,  1739-  He  was  a very  extiaordinary  young  man 
for  parts  and  ingenuity  ; and  (hewed  very  early  in  life  a 
great  inclination  to  learning,  particularly'  mathernatics, 
on  which  account  he  was  much  patronized  by  Dr. 
Smith,  mailer  of  Trinity  college.  About  175  y he  be- 
gan to  Itudy  botany,  which  he  continued  occafionally 
till  his  death;  In  which  he  made  a confide rabie  pro- 
grefs,  and  could  remember  not  only  the  Linnasan  names 
of  altnoft  all  the  Englifh  plants,  but  even  the  fynonyma 
of  the  old  botanliis  ; and  he  had  prepared  large  mate- 
rials for  a Flora  Cantabrigienjis,  defciibing  fully  every 
part  of  each  plant  from  the  fpecimen,  without  being 
obliged  to  confult,  or  being  liable  to  be  mifled  by,  for- 
mer authors. 

In  1758,  he  obtalued  much  celebrity  by  publliliing 

Treatife  on  Fluxions,  dedicated  to  his  patron,  Dr. 
Smith  ; and  In  1763,  Fafclculus  Plantarum  circa  Canta- 
hrigtam,  In  the  fame  year,  or  the  year  before,  he 

readLcAures  on  Botany  at  Oxford  with  great  applaufe, 
to  at  leafF  60  pupils  ; but  he  could  not  Be  prevailed  on 
to  make  a long  abfence  from  Cambridge. 

Mr.  Lyons  was  fome  time  employed  as  one  of  the 
computers  of  the  Nautical  Almanac  ; and  befides  he 
received  frequent  other  prefents  from  the  Board  of 

Longitude  for  bis  own  inventions. He  had  ftudied 

the  Engliffi  hiftory  ; and  could  quote  whole  paffages 
from  the  Monkilli  writers  verbatim.  He  could  read 
Latin  and  French  with  cafe,  but  wrote  the  former  ill. 
He  was  appointed  by  the  Board  of  Longitude  to  fall 
with  Capt.  Phipps,  in  his  voyage  towards  the  North- 
Pole,  In  1773,  as  aftronomical  obfervator  ; and  he  dif- 
charged  that  office  to  the  fatIsfa6lion  of  his  employers. 
After  his  return  from  this  voyage,  he  married,  and  fet- 
tled in  London,  where  he  died  of  the  mcazks  in  about 
two  years. 

At  the  time  of  his  death  he  was  engaged  in  prepar- 
ing for  the  prefs,  a complete  edition  of  all  the  ivorks  of 
the  late  learned  Dr.  Halley  ; a work  very  much  wanted. 
— His  Calculations  In  Spherical  trigonometry  abridged, 
were  printed  in  th-e  Philo f.  Tranf.  voL  65,  for  the  year 
1775,  pa.  470. — After  his  death,  his  name  appeared  in 
the  title-page  of  A Geographical  DiSlionary,  tho.  affrono* 
mical  parts  of  which  were  faid  to  be  “ taken  from  the 
papers  of  the  late  Mr.  Ifrael  Lyons  of  Cambridge,  au- 
thor of  feveral  valuable  mathematical  produ6lions,  and 
aftronomer  in  lord  Miilgrave’s  voyage  to  the  north- 
ern hemifphere.” — The  allronomical  and  other  ma- 
thematical calculations,  printed  in  the  account  of  cap- 
tain Phippses  voyage  towards  the  north  pole,  men- 
tioned above,  were  made  by  Mr.  Lyons.  This  appeared 
afterwards,  by  the  acknowledgment  of  captain  Phipps, 
when  Dr.  Horfley  detedled  a material  error  in  fome  part 
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of  tliem,  in  his  Remarhs  on  the  Ohfervaftons  mack  in  the 
late  Voyage^  BV,  17  74, 

“ The  Scholar’s  Inftruftor,  or  Hebrew  Grammar, 
by  Ifrael  Lyons,  Teacher  of  the  Hebrew  Tongue  in  the 
Univerfity  of  Cambridge,”  the  2d  edit,  &c,  1757,  8vo, 
was  the  production  of  his  father  ; as  was  alfo  another 
Treatife  printed  at  the  Cambridge  prefs,  under  the  title 


of  “ Obfervations  and  Enquiries  rclatrng  to  rarlous 
parts  of  Scripture  Hiilory,  1761.’’ 

LYRA,  the  liarpi  a conflellation  in  the  northern  he- 
mifphere,  containing  10  liars  in  Ptolomy’s  catalogue 
I r in  Tycho’s,  17  in  Hevelius’s,  and  2 i ii/thc  Brit 


catalogue. 
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In  jlflronomical  Tables^  &c,  is  ufcd  for  il/ec/- 
J YJ^  dional  or  fouthern  ; and  fometimes  for  Meri- 
dian^ or  mid-day. — In  the  Roman  numeration,  it  de- 
notes loco,  one  thoufand, 

MACHINE,  denotes  any  thing  that  ferves  to  aug- 
nrent,  or  to  regulate  moving  powers  : or  it  is  any  body 
dflHned  to  produce  motion,  fo  as  to  fave  either  time  or 
force.  The  word,  in  Greek,  fignihes  an  Invention,  or 
yirt  ; and  hence,  In  ftriClnefs,  a machine  is  fomething 
that  confifts  more  In  art  and  invention,  than  in  the 
llrength  and  fplidity  of  the  materials;  for  which  reafon  it 
is  that  the  inventors  of  machines  are  called  Ingcnieurs^ 
or  engineers. 

Machines  are  either  fimple  or  compound.  The  flm- 
ple  machines  are  the  feven  mechanical  powers,  viz, 
the  lever,  balance,  pulley,  vvheel-and-ayde,  wedge, 
ferew,  and  inclined  plane  ; which  aie  otherwife  called 
the  fimple  mechanic  powers. 

Thefe  fimple  machines  ferve  for  different  purpofes, 
according  to  the  different  firudlures  of  them  ; and  it  is 
the  bufinefs  of  the  flcilful  meclianlll  to  choofc  them,  and 
combine  them,  In  the  manner  that  may  be  bed  adapted 
to  produce  the  defired  effedl.  The  lever  is  a very  handy 
machine  for  many  purpofes,  and  Its  power  immediately 
varied  as  the  occafion  may  require  ; when  weights  are 
to  be  raifed  only  a little  way,  fuch  as  Hones  out  of 
quarries,  &c.  On  the  other  hand,  the  whecl-and-axle 
ferves  to  raife  weights  from  the  greatcll  depth,  or  to  the 
greatefl  height.  Pulleys,  being  eafily  carried,  are  there- 
fore much  employed  in  fliips.  The  balance  is  ufeful  for 
alceitalning  an  equality  of  weight.  The  wedge  is  ex- 
cellent for  feparating  the  pavtsof  bodies;  and  being  im- 
pelled by  the  force  of  percuffion,  it  is  incomparably 
greater  than  the  other  powers.  The  ferew  is  ufeful  for 
compreffing  or  fqueezing  bodies  together,  and  alfo  for 
raifing  very  heavy  weights  to  a fmall  height  ; its  great 
fridlion  is  even  of  confiderable  ufc,  to  preferve  the  ef- 
fect already  produced  by  the  machine. 

Compound  Machine,  is  formed  from  thefe  fimple  ma- 
chines, combined  together  for  different  piirpoies.  The 
number  of  compound  machines  is  almoll  infinite  ; and 
yet  it  would  feem  that  the  Ancients  went  far  beyond 
the  Moderns  in  the  powers  and  effects  of  them  ; efpe- 
■cially  their  machines  of  war  and  architecture. 

Accurate  deferiptions  and  drawings  of  macliliics 
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would  he  a very  curious  and  ufeful  work.  But  to  make 
a collecflon  of  this  kind  as  beneficial  aspoiliblc,  it  flaould 
contain  alfo  an  analyfis  of  them  ; pointing  out  their  ad- 
vantages and  di  fad  vantages,  with  the  reafons  of  the  con- 
flrudtions ; alfo  the  general  problems  implied  in  thefe  con- 
flrudtions,  withtheir  foliitions,fliould be  noticed.  Though 
a complete  work  of  this  kind  be  flill  wanting,  yet  many 
curious  and  ufeful  particulars  may  be  gathered  from 
Strada,  Beffon,  Beroaldus,  Auguftinus  de  Ramellis, 
Bockler,  Leupold,  Beyer,  LImpergh,  Van  Zyl,  Perault, 
and  others  ; a fhort  account  of  whofc  works  may  be 
found  in  Wolfil  Commentatio  de  Prascipuis  Scriptis  Ma- 
thematicls ; Elem.  Mathef,  Univ.  tom.  5,  pa.  84.  To 
thefe  may  be  added,  Belldor’s  Archite6f ure  Hydraulique, 
Defaguliers’s  Courfe  of  Experimental  Phllofopliy,  and 
Emei  fon’s  Mechanics.  The  Royal  Academy  of  Sciences 
at  Paris  have  alfo  given  a colledllon  of  machines  and 
inventions  approved  of  by  them.  This  work,  publlfhed 
by  M.  Gallon,  confifls  of  6 volumes  In  quarto,  con- 
taining engraved  draughts  of  the  machines,  wu'th  their 
deferiptions  annexed. 

MachTne,  ArchiteElonical,  is  an  affemblage  of  pieces 
of  wood  fo  difpofed  as  that,  by  means  of  ropes  and 
pulleys,  a fmall  number  of  men  may  raife  great  loads, 

and  lay  them  in  their  places:  fuch  as  cranes,  &:c. 

It  is  hard  to  conceive  what  fort  of  machines  the  An- 
cients mull  have  ufed  to  raife  thofe  immenfe  Hones 
found  In  fome  of  the  antique  buildinp;s  ; as  fome  of  thofe 
Hill  found  in  the  walls  of  Balbeck  in  Turkey,  the  an- 
cient Heliopolis,  which  are  63  feet  long,  12  feet 
broad,  and  I 2 feet  thick,  and  wliich  rauH  weigh  6 or  7 
hundred  tons  a piece. 

Blovuing  Machine-  See  Bellows. 

Bo\'leian  Machine.  Mr.  Boyle’s  Air-Pump. 

I'Jedricnl  Machine.  See  Electrical  Machine, 

/Cind  Mai'hink,  Sec  Anemometer,  and  Win  13 
Machine, 

Hydraulic,  or  Water  Machine,  is  ufed  either  to 
fignify  a fimple  Machine,  lerving  to  conduct  or  raife 
water  ; as  a Iluice,  pump,  and  the  like,  or  feveral  of 
thefe  adding  together,  to  produce  fome  extraordinary 
effedl  ; as  the 

Machine  of  Mnrll.  See  Marli.  ..See  alfo  Fire- 
enoine,  S rE  A'ia- engine,  and  Wa  THR-'ta/srf’x. 

/i/iZ/Vurj’ Machines,  among  the  Ancients,  were  of 
-I  z three 
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three  kincls  : the  firfl;  ferving  to  launch  arrows,  as  the 
fcorpion  ; or  javelins,  as  the  catapult  ; or  ftoncs,  as  the 
baliila  ; or  fiery  darts,  as  the  pyrabolus  : tlie  id  lort 
ferving  to  beat  down  walls,  as  the  battering  ram  and 
terebra  : and  the  3d  fort  to  fhelter  thofe  who  approach 
the  enemy’s  wall,  as  the  tortoife  or  tedudo,  the  vinea, 
and  the  towers  of  wood.  See  the  relpeflive  articles. 

7dhe  Machines  of  war  now  in  ufe,  conhft  in  artillery, 
including'  cannon,  mortars,  petards,  &c. 

MACLAURIN,  (Colin),  a mod  eminent  matlie- 
matieian  and  philofopher,  was  the  fon  of  a c'ergyman, 
«nd  born  at  Kilmoddan  in  Seotland,  in  the  year  1698. 
He  was  fent  to  the  univerfity  of  Glafgow  in  1709; 
where  he  continued  five  years,  and  applied  to  bis  dudies 
in  a very  intenle  manner,  and  particularly  to  the  mathe- 
matics. His  great  genius  for  mathematical  learning 
difeovered  itfelf  fo  early  as  at  12  years  of  age  ; when, 
having  accidentally  met  with  a copy  of  Euclid’s  Ele- 
ments in  a friend’s  chamber,  he  became  in  a few  days 
mader  of  the  fird  6 books  without  any  adillance  ; and 
it  is  certain,  that  in  his  i6th  year  he  had  invented 
many  of  the  propofitions  which  were  afterwards  pub- 
lidied  as  part  of  his  work  intitled  Geometrla  Organica* 
In  his  f 5th  year  he  took  the  degree  of  Mader  of  Arts  ; 
on  which  occafion  he  compofed  and  publicly  defended  a 
thefis  on  the  power  of  gravity,  with  great  applaufe. 
After  this  he  quitted  the  univerlity,  and  retired  to  a 
country  feat  of  his  uncle,  who  had  the  care  of  his  edu- 
cation ; his  parents  being  dead  fome  time.  Here  he 
fpent  two  or  tiiree  years  in  purfuing  his  favourite  du- 
dics  ; but,  in  1717,  at  19  years  of  age  only,  he  offered 
himfelf  a candidate  for  the  profelfordrip  of  mathematics 
in  the  Marifchal  College  of  Aberdeen,  and  obtained  it 
after  a ten  days  trial,  againd  a very  able  competitor. 

In  1719,  Mr.  Maclaurin  vifited  Imndon,  where  he 
left  hhGeometriaOrgamca  to  print,  and  where  he  became 
acquainted  w'ith  Hr.  Hoadley  then  bifhop  ofBangor,Hr. 
Clarke,  Sir  Ifaac  Newton,  and  other  eminent  men  ; at 
which  time  alfo  he  was  admitted  a member  of  the  Royal 
Society  ; and  in  another  journey,  in  1721,  he  contradfed 
an  intimacy  with  Martin.  Folkes,  Efq.  the  prdident  of 
it,  which  continued  durlng'his  whole  life. 

■ In  1722,  lord  Polwarth,  plenipotentiary  of  the  king 
of  Great  Britain  at  the  congrefs  of  Ca.mbray,  engaged 
Maclaurin  to  go  as  a tutor  and  companion  to  his  elded 
ion,  wlio  was  then  to  fet  out  on  his  travels.  After  a 
iFort  day  at  Paris,  and  vifiting  other  towns  in  France, 
they  fixed  in  Eorrain  ; where  he  wrote  his  piece,  On  the 
Percuffion  of  Bodies,  which  gained  him  the  prize  of  the 
Royal  Acacicmy  of  Sciences  for  the  year  17^4* 
his  pupil  dying  foon  after  at  Montpelier,  he  returned 


mate  friend,  Dr.  Alexander  Monro,  .profeffor  of  ana- 
tomy. After  this,  the  Mathematical  claffes  foon  be- 
came very  numerous,  there  being  generally  upwards  of 
100  dudents  attending  his  Leflures  every  year  ; who 
being  of  different  (landings  and  proficiency,  he  was  ob- 


hh^ed  to  divide  them  into  four  or 


r 
liV 


claiTes,  in  each  of 


which  he  employed  a full  h(.)ur  every  day  from  the  fird 


of  November  to  the  fird  of  June.  In  the  ilril  clafs  he 


rous  that  he  fbouTd  fuppH  the  place  of  Mr.  James 
Gregory,  whofc  great  age  and  infirmities  had  rendered 
kina  incapahie  of  teaching.  He  had  here  fome  difficulties 
to  encounter,  arifing  from  competitors,  who  had  g'ood 
iiitered  with  the  patrons  of  the  univerfity,  and  alfo  from 
tire  want  of  an  additional  fund  far  the  new  profeffiirp 
which  however  at  length  were  all  furniounted,  princi- 
pally by  the  .m.ans  of  Sir  Ifaac  Newton.  Accordingly, 
In  Nov.  1723,  lie  was  Introduced  into  the  univerfity  ; 
M was  at  the  fame  time  his  learned  colleague  and  iati- 
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taught  the  fird  6 books  of  Euclid’s  Elements,  l lane 
Trigonometry,  Practical  Geometry,  the  Elements  of 
EGrtification,  and  an  Introdabfion  to  Prlgebra.  The 
fecoiid  clafs  dudied  Algeora,  with  the  iith  and  iztii 
books  of  Euclid,  Spherical  Trigonometry,  Conic  Sec- 
tions, an^i  the  general  Principles  of  Adronom^u  The 
third  went  on  in  Adronorny  and  PerfpeCfive,  read  a 
part  of  Newton’s  Principia,  and  had  performed  a courfe 
of  experiments  for  illudrating  them  : he  afterwards  read 
and  demondrated  the  Elements  of  Fluxions,  d hofe^  in 
the  fourth  clafs  read  a Sydern  of  Fluxions,  the  Doidriae 
of  Chances,  and  the  remainder  of  Newton’s  Principia. 

In  1734?  Hr.  Berkley,  bidiop  of  Cloyne,  pubhdred  a'** 
piece  called  The  Analid  ; in  which  he  took  occafion, 
from  fome  difputes  that  had  arifen  concerning  the 
grounds  of  the  fluxionary  method,  to  explode  the  me- 
thod itfelf ; and  alfo  to  charge  mathematicians  in  ge- 
neral  with  infidelity  in  religion.  Maclaurin  thought 
himfelf  included  in  this  charge,  and  began  an  anfwer 
to  Berkley’s  book  ; but  other  anfwers  coming  out,  and 
as  he  proceeded,  fo  many  difeoveries,  fo  many  new 
theories  and  problems  occurred  to  him.  that  indead  of  a 
vindicatory  pamphlet,  he  produced  a Complete  Sydem 
of  Fluxions,  with  their  application  to  the  mod  confi- 
derable  problems  in  Geometry  and  Natural  Philofophy. 
This  work  was  publidied  at  Edinburgh  in  1742,  2 vols 
qto  ; and  as  it  cod  him  infinite  pains,  fo  it  is  the  mod 
confiderable  of  all  his  works,  and  will  do  him  immortaU^ 
honour,  being  indeed  the  mod  complete  treatife  on  that 
feienee  that  has  yet  appeared. 

In  the  mean  time,  he  was  continually  obliging  the 
public  with  fome  obfervation  or  performance  of  his  own, 
feveral  of  which  were  publiihed  in  the  5th  and  6th  vo- 
lumes of  the  Medical  Effays  at  Edinburgh.  Many  of 
them  were  likewife  publidied  in  the  Philofophical  Tranf- 
a6fions  ; as  the  following:  i.  On  the  Condrudfion 
and  Meafure  of  Curves,  vol.  30. — 2,  A New  Method 
of  defcribiiig  all  kinds  of  Curves,  vol.  30. — 3.  On 
Equations  with  Impoffible  Roots,  vol.  37.-—- 4.  On  the 
Roots  of  Equations,  &c,  vol.  34.— -G  the  Heferip- 

tion  of  Curve  Lines,  vol.  39. — 6.  Continuation  of  the 
fame,  vol.  39. — 7.  Obfervations  on  a Solar  Eclipfe,  voL 

40.  — 8.  A Rule  for  finding  the  Meridional  Parts  of  a. 
Spheroid  with  the  fame  Exadnefs  as  in  a Sphere,  voL 

41.  — 9.  An  Account  of  the  Treatife  of  Fluxions,  voL 

42.  — 10.  On  the  Bafes  of  the  Cells  where  the  Bees  de- 
pofit  their  Honey,  vol.  42. 

in  the  mldd  of  thefe  ffudies,  he  was  always  ready  to 
lend  his  affidance  in  contriving  and  promoting  any 
feheme  which  might  contribute  to  tue  public  fervice. 
When  the  earl  of  Morten  went,  in  I739>  to  vifit  his 
edates  in  Orkney  and  Shetland,  heiequedcd  Mr.  Mac- 
laurin to  afiid  him  in  fettling  the  geography  of  thofe 
countries,  which  is  very  erroneous  in  all  our  maps  ; to 
examine  their  natural  hidory,  to  furvey  the  coads,  and 
to  take  the  meafure  of  a degree  of  the  meridian.  Mac- 
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laurin’s  family  affairs  would  not  permit  him  to  comply 
with  this  requeft : he  drexv  up  however  a memorial  of 
what,  he  thought  neceffary  to  be  obferved,  and  furiuTned 
proper  inilruments  for  the  work,  recommeiiding  Mr. 
Short,  the  noted  optician,  as  a ht  operator  for  the  ma- 
nagement of  them. 

Mr.  Maclaurin  had  hill  another  fcheme  for  the  Im- 
provement of  geography  and  navigation,  of  a more  ex- 
tenfive.  nature  ; which  was  the  opening  a palTage  from 
Greenland  to  the  South  Sea  by  the  North  Pole.  That 
fuch  a palTage  might  be  found,  he  was  fo  fully  per- 
fuaded,  tliat  he  ufed  to  fay,  if  his  fuuation  could  admit 
of  fuch  adventures,  he  would  undertake  the  voyage,  even 
at  his  own  charge.  But  when  fehemes  for  finding  it 
were  laid  before  the  parliament  in  1741,  and  he  was 
confulted  by  feveral  perfons  of  high  rank  concerning 
them,  and  before  lie  could  finifli  the  memorials  he  pro- 
pofed  to  fend,  the  premium  was  limited  to  the  difeovery 
of  a north-well  pallage  : and  he  ufed  to  1 egret  that  the 
word  Well  was  inferted,  becaufe  he  thought  that  paf- 
fage,  If  at  all  to  be  found,  mull  lie  not  far  from  the 
pole. 

In  1745.  having  been  very  acllve  in  fortifying  the 
city  of  Edinburgh  againll  the  rebel  army,  be  was  ob- 
liged to  fly  from  thence  into  England,  where  lie  was  in- 
vited by  Dr.  Herring,  archbilhop  of  York,  to  refide  with 
him  during  his  flay  in  this  country.  In  this  expedition 
however,  being  expoftd  to  cold  and  havdlhips,  and  natu- 
rally of  a weak  and  tender  conllitution,  which  bad  been 
much  more  enfeebled  by  clofe  application  to  lludy,  lie 
laid  the  foundation  of  an  illncfs  which  put  an  end  to 
his  life,  in  June  1746,  at  48  years  of  age,  leaving  his 
widow  with  two  fons  and  three  daughters. 

Mr.  Jvlaclauriu  was  a very  good,  as  well  as  a very 
great  man,  and  worthy^  of  love  as  well  as  admiration. 

, His  peculiar  merit  as  a philofopher  was,  that  alibis 
fludies  were,  accommodated  to  general  utility  ; and  wc 
And,  in  many  places  of  his  works,  an  application  even 
of  the  moll  abllrufe  theories,  to  the  perfecting  of  me- 
chanical arts.  For  the  fame  purpofe,  he  liad  refolved 
to  compofe  a courfe  of  Practical  Mathematics,  and  to 
refeue  level al  ufeful  branches  of  the  icience  from  the  ill 
treatment  they  often  met  with  in  lefs  fl-hlful  hands. 
Thefc  intentions  however  were  prevented  by  liis  death  ; 
unlefs  we  may  reckon,  as  a part  of  l.is  intended  work, 
the  tranflation  of  Dr.  David  Gregory’s  Pradllcal  Geo- 
metry, which  he  revifed,  and  pubiifl.cd  with  additions, 
in  1745. 

In  his  lifetime,  licwever,  he  had  frequent  opportuni- 
ties of  ferving  his  friends  and  his  country  by  bis  great 
flvill.  Whatever  difficulty  cecurred  concerning  tlie 
conllruCLing  or  perfecting  of  machines,  the  working  of 
mines,  the  improving  of  manufactures,  the  conveying  of 
water,  or  the  execution  of  any  public  work,  lie  was  al- 
ways ready  to  refolve  it.  Pie  was  employed  to  teimi- 
rate  fome  difputes  of  confequence  that  had  ariien  at 
Glafgow  concerning  the  gauging  of  vcffels  ; and  for  that 
purpofe  prefented  to  the  comralffioners  of  the  excife  two 
elaborate  memorials,  with  their  demonflrations,  conr 
taining  rules  by  which  the  officers  now  a£t.  He  made 
alfo  calculations  relating  to  the  provifion,  now  eiiablifh- 
td  by  law,  for  the  children  and  widows  of  the  Scotch 
clergy,  and  of  the  profeUors  in  the  univerfities,  entitling 
them  to  certain  annuities  and  fums,  upon  the  voluntary 


annual  payment  of  a certain  fum  by  the  incumbent.  In 
contriving  and  adjuTing  this  wife  and  ufeful  fcheme,  he 
bellowed  a great  deal  of  labour,  and  contributed  not  a 
little  towards  bringing  it  to  oerfedlion. 

Of  his  works,  wc  have  mentioned  his  Gsometria  Or- 
ganica,  in  which  he  treats  of  the  defeription  of  curve 
lines  by  continued  motion  ; as  alfo  of  his  piece  which 
gained  the  prize  of  the  Royal  Academy  of  Sciences  in 
1724,  In  1740.  he  likewife  (hared  the  prize  of  the 
fame  Academy,  \'vitli  the  celebrated  D.  Bernoulli  and 
Euler,  for  tefolving  the  problem  relating  to  the  motion 
of  the  tides  from  the  theoiy  of  gravity  : a quellion 
which  had  been  given  out  the  former  year,  without  re- 
ceiving any  folution.  He  had  only  ten  days  to  draw 
this  paper  up  In,  and  could  not  find  Icifureto  tranferibe 
a fair  copy  ; fo  that  the  Paris  edition  of  it  is  incorredl,. 
He  afterwards  revifed  the  whole,  and  inferted  it  in  his 
Treatife  of  Fluxions;  as  lie  did  alfo  the  fubflance  of 
the  former  piece.  Thefe,  with  tlie  Tre.atife  of  Fluxions,, 
and  the  pieces  printed  In  the  Medical  EiTiys  and  thePlii- 
lofophical  Tranladtions,  a lift  of whieli  is  given  above,  are 
all  the  writings  which  our  author  lived  to  publlfl'i.  Since 
his  death,  however,  two  more  volumes' have  appeared  ; 
his  Algeltva,  and  his  Account  of  Sh'  Ijaac  N'e^jutoAs 
Phdojuphkal D'ljco^oer'ies.  Tlie  Algebra,  though  not  fi- 
nlftied  by  Iiimfclf,  Is  yet  allowed  to  be  excellent  In  its 
kind  ; containing.  In  no  large  volume,  a complete  ele- 
mentary treatife  of  that  fcience,  as  far  as  It  has  hitherto- 
been  carried;  befides  fome  neat  analytical  papers  on  curve 
lines.  His  Account  of  Newton’s  Philofophy  was  occa- 
fioned  in  the  following  manner  : — Sir  Ilaac  dying  in  the 
beginning  of  1728,  his  nephew,  Mr.  Conduitt,  propofed. 
to  publllh  an  account  of  his  life,  and  defircd  iMr.  Ma- 
claurin’s  affiftance.  The  latter,  out  of  gratitude  to  his. 
great  beiiefadlor,  cheerfully  undertook,  and  foon  finiflied, 
the  Hlftory  of  the  Pi'Ogrefs  which  Philolophy  had  made 
before  Newton’s  time  ; and  this  was  tire  firft  draught  of 
the  woik  in  hand  ; which  not  going  forward,  on  account 
of  Mr.  Conduitt’s  death,  was  returned  to  Mr.  Maclau- 
rin. To  this  he  afterwards  made  great  additions,  and 
left  it  in  the  ilate  in  which  it  now  appears.  His  maiiii 
deflgn  feems  to  have  been,  to  explain  only  thofe  parts  of 
Newton’s  pliilofophy,  wdiieli  have  been  controverted  : 
and  this  Is  fuppofed  to  be  the  reafon  why  his  grand  difeo- 
veries  concerning  liglit  and  colours  are  but  tranfiently 
and  generally  touched  upon  ; for  it  is  known,  that  when- 
ever tlie  experiments,  on  which  hisdoiflrine  of  light  and 
colours  is  founded,  had  been  repeated  with  due  cai'c,  this 
dodtiinc  had  not  been  contefted  ; while  his  accounting 
for  the  celeftial  motions,  and  the  other  gi-eat  appearances 
of  nature,  from  gravity,  had  been  milunderltood,  and 
even  attempted  to  be  lidiculed. 

M ACULiE,  in  Aftronomy,are  darkfpots  appearing 
on  the  luminous  furfaces  of  the  fun  arid  moon,  and  even 
fome  of  the  planets. 

The  Solar  Maculis  are  dark  fpots  of  an  Irregular  and 
changeable  figure,  obferved  in  the  face  of  the  fun. 
Thefe  were  fii  tl  obferved  in  November  and  December  of 
the  year  1610,  by  Galileo  in  Italy,  and  Harriot  in  Eng- 
land, unknown  to,  and  independent  of  each  other,, 
foon  after  they  had  made  or  procured  tclefcopes.  They 
were  afterwards  alfo  obferved  by  Scheiner,  Heveliusa, 
Flam  deed,  Caffini,  Kirch,  and  others.  See  Bhilof,. 
Tranf.  vol.  i;  pa.  274,  and  vol.  64,  pa.  194. 
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There  have  been  various  obfervations  made  of  the 
phenomena  of  the  folar  macube,  and  hypothefes  invented 
fur  explaining  them.  Many  of  thefe  maculae  appear  to 
confiif  of  heterogeneous  parts  ; the  darker  and  deafer 
being  called,  by  bievelius,  nuclei,  which  are  encompaiTed 
as  it.  were  with  atraofpheres,  fomewhat  rarer  and  lefs 
obfeure  ; but  the  kgiire,  both  of  the  nuclei  and  entire 
maculcC,  is  variable.  Thefe  maculre  are  often  fubjedf  to 
fudden  mutations  : In  1644  Hevelius  obferved  a imall 
thin  macula,  which  in  two  days  time  grew  to  ten  times 
its  bulk,  appearing  aifo  much  darker,  and  having  a 
larger  nucleus  : the  nucleus  began  to  fail  fenfibly  be- 
fore the  fpot  difappeared  ; and  before  it  quite  vanilhed, 
it  broke  into  four,  which  re-united  again  two  days  after. 
Some  maculre  have  lailed  2,  3,  JO,  15,  20,  30,  but 
feldom  40  days  ; though  Kirchius  obferved  one  in  i68i, 
that  v/as  vilible  from  April  26th  to  the  17th  of  July, 
It  is  found  that  the  fpots  move  over  the  funk  dife  with 
u motion  fomewhat  flacker  near  the  ed^'e  than  in  the 
middle  parts  ; that  they  contract  theinfelves  near  the 
limb,  and  in  the  middle  appear  larger  ; that  they  often 
run  into  one  in  the  dife,  though  feparated  near  the 
centre  ; that  many  of  them  flrlt  appear  in  the  ixiiddle, 
and  many  difappear  there  ; but  that  none  of  them  de- 
viate from  their  path  near  the  horizon  ; whereas  He- 
velius, obferving  Mercury  in  the  fun  near  the  horizon, 
found  liim  too  low,  being  deprefled  27"  beneath  his 
former  path. 

From  thefe  phenomena  are  colledfed  the  following 
confequences.  J.  That  fmee  Mercury’s  deprciTion  be- 
low his  path  arifes  from  bis  parallax,  the  maculse,  having 
no  parallax  from  the  fun,  are  much  nearer  him  than 
that  planet. 

2.  That,  fmee  they  rife  and  difappear  again  in  the 
middle  of  the  fun’s  dife,  and  undergo  various  altera- 
tions with  regard  both  to  bulk,  figure,  and  denfity, 
they  mull  be  formed  de  novo^  and  again  diflolved  about 
the  fun  ; and  hence  fome  have  inferred,  that  they  are 
a kind  of  folar  clouds,  formed  out  of  Iris  exhalations ; 
and  if  fo,  the  fun  muft  have  an  atmofphcre, 

3.  Since  the  fpots  appear  to  move  very  regularly 
about  the  fun,  it  is  hence  inferred,  that  it  is  not  that 
they  really  move,  but  that  the  fun  revolves  round  his 
axis,  and  the  fpots  accompany  him,  in  the  fpace  of  27 
days  12  hours  20  minutes. 

4.  Since  the  fun  appears  with  a circular  dilc  in  every 
fitnation,  his  figure,  as  to  fenfe,  muft  be  fpherical. 

The  magnitude  of  the  furface  of  a fpot  may  be  efti- 
mated  by  the  time  of  its  tranfit  over  a hair  in  a fixed 
tclefcope,  Galileo  eftimates  fome  fpots  as  larger  than 
both  Alia  and  Africa  put  together:  but  if  hejiad 
known  more  exaCtly  the  fun’s  parallax  and  diftance,  as 
they  are  known  now,  he  w'ould  have  found  fome  of  thofe 
fpots  much  larger  than  the  whole  furface  of  the  earth. 
For,  in  1612,  he  obferved  a fpot  fo  larg-e  as  to  be  plainly 
vilible  to  the  naked  eye  ; and  therefore  it  fubtended  an 
angle  of ‘about  a minute.  But  tite  earth,  feen  at  the 
diftance  of  the  fun,  would  fubtend  an  angle  of  only 
about  \'f  : therefore  the  diameter  of  the  fpot  was  to 
the  diameter  of  the  earth,  as  60  to  17,  or  3 J to  i near- 
ly ; and  confequently  the  furface  of  the  I'pot,  it  circular, 
to  a great  circle  of  the  earth,  as  12  J to  1,  and  to  the 
whole  furface  of  the  earth,  as  12J  to  4,  or  nearly  3 
to  I,  Gafienduo  obferved  a fpot  whole  breadth  was 
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T-p  of  the  fun’s  diameter,  and  which  therefore  fubtended 
an  angle  at  the  eye  of  above  a minute  and  a half ; and 
confequently  its  furface  was  above  feven  times  larger 
than  the  furface  of  the  whole  earth.  Fie  fays  he  ob- 
ferved above  40  fpots  at  once,  though  withorjt  fenfibly 
diminifhing  the  light  of  the  lun. 

Various  opinions  have  been  formed  concerning  the 
nature,  origin,  and  fitnation  of  the  folar  fpots  ; but  the 
moll  probable  feems  to  be  that  of  Dr,  Wrifon,  pro- 
felfor  of  practical  allronomy  in  the  imiverfity  of  Glaf- 
gow.  By  attending  particularly  to  the  different  phafes 
prefented  by  the  umbra,  or  lhady  zone,  of  a fpot  of  an 
extraordinary  lize  that  appeared  on  the  fun,  in  the 
month  of  November  1769,  during  its  progre-fs  over  the 
folar  dife.  Dr.  Wilfon  was  led  to  form  a new  and  fingu- 
lar  conjeblure  on  the  nature  of  thefe  appearances ; 
which  he  afterwards  greatly  ftrengthened  by  repeated 
obfervations.  The  refults  of  thefe  obfervations  are, 
that  the  folar  maculx  are  cavities  in  the  body  of  the 
fun  ; that  the  nucleus,  as  the  middle  or  dark  part  has 
ufualiy  been  called,  is  the  bottom  of  the  excavations; 
and  that  the  umbra,  or  lhady  zone  furrounding  it,  is  the 
llieiving  fides  of  the  cavity.  Dr.  Wilfon,  befides  hav- 
ing falisfadlorily  afeertained  the  reality  of  thefe  immenfe 
excavations  in  the  body  of  the  fun,  has  alfo  pointed  out ' 
a method  of  meafuring  the  depth  of  them.  He  efti- 
mates, in  particular,  that  the  nucleus,  or  bottom  of  the 
large  fpot  above-mentioned,  was  not  lefs  than  a femi- 
dlaraeter  of  the  earth,  or  about  4000  miles  below  the 
level  of  the  fun’s  furface  ; while  its  other  dimenfions 
were  of  a much  larger  extent.  He  obferved  that  a fpot 
near  the  middle  of  the  fun’s  dife,  Is  furrounded  equally 
on  all  fides  with  its  umbra  ; but  that  when,  by  its  appa- 
rent motion  over  the  fun’s  dife,  it  comes  near  the  vveft- 
ern  limb,  that  part  of  the  umbra  which  is  next  the 
fun’s  centre  gradually  dimlnillies  in  breadth,  till  near 
the  edge  of  the  limb  it  totally  difappears ; whiift  the 
umbra  on  the  other  fide  of  It  is  little  or  nothing  altered. 
After  a femirevolution  of  the  fun  on  his  axis,  if  the 
the  fpot  appear  again,  it  will  be  on  the  oppofite  fide  of 
the'  dife,  or  on  the  left  hand,  and  the  part  of  the  imi’ 
bra  which  had  before  difappeared,  is  now  plainly  to  be 
feen  ; while  the  umbra'  on  the  other  fide  of  the  fpot, 
feems  to  have  vaniftied  in  its  turn  ; being  hid  from  the 
view  by  the  upper  edge  of  the  excavation,  from  the 
oblique  pofitlon  of  Its  doping  fides  with  refpe6l  to  tlie 
eye.  But  as  the  fpot  advances  on  the  fun’s  diic,  this 
umbra,  or  fide  of  the  cavity,  comes  in  fight  ; at  firft  ap- 
pearing narrow,  but  afterwards  gradually  incrraling  in 
breadth,  as  the  fpot  moves  towards  the  middle  of  the 
dife.  Which  appearances  perfedlly  agree  witli  tlie 
phafes  that  are  exhibited  by  an  excavation  in  a fpherical 
body,  revolving  on  its  axis;  the  bottom  of  the  cavity 
being  painted  black,  and  the  fides  lighily  fliaoed. 

From  thefe,  and  other  obfervations,  it  is  inferred, 
that  the  body  of  the  fun,  at  the  depth  of  the  nucleus, 
emits  little  or  no  light,  when  feen  at  the  fame  time, 
and  compared  with  that  refplendent,  and  probably,  in 
fome  degree,  fluid  fiibftance,  that  covers  his  furface. 

This  manner  of  Coiifidering  thefe  phenomena,  natu- 
rally gives  rife  to  many  curious  fpeculations  and  inqui- 
ries. It  is  natural,  for  inftance,  to  inquire,  by  what 
great  commotion  this  refulgent  matter  is  thrown  up  on  • 
all  fides,  fo  as  to  expofe  to  our  view  the  darker  part  of 
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tbe  fun^s  body,  vvbicb  was  before  covered  by  it  ? what 
is  the  nature  of  this  diining  matter  ? and  why,  when  an 
excavation  is  made  in  it,  is  the  luhre  of  this  {hining 
fubftance,  which  forms  the  {helving  fides  of  the  cavity, 
fo  far  diminifhed,  as  to  give  the  whole  the  appearanee 
of  a fliady  zone,  or  darkiih  atmoiphere,  furroiinding 
the  denuded  part  of  the  fun’s  body  ? On  thefe,  and 
many  other  fubjecls.  Dr.  Wilfon  has  advanced  fome 
ingenious  conjectures  ; for  which  fee  the  Philof.  Tranf. 
vol.  64,  art.  1.  See  alfo  fome  remarks  on  this  theory, 
by  Mr.  Wooladon,  in  tlic  fame  vol.  pa.  337,  &c. 

MADlvIER,  in  Artillery,  is  a thick  plank,  armed 
with  plates  of  iron,  and  having  a cavity  fufiicient  to 
receive  the  mouth  of  a petard,  with  which  it  is  applied 
againll  a gate,  or  any  thing  elfe  intended  to  be  broken 
down. 

This  term  is  alfo  applied  to  certain  flat  beams,  fixed 
to  the  bottom  of  a moat,  to  lupport  a wall. 

There  are  alfo  iVIadriers  lined  with  tin,  and  covered 
with  earth  ; ferving  as  defences  againfi  artificial  fires,  in 
lodgments,  &c,  where  there  is  need  of  being  covered 
overhead. 

h'LTSTLlN  (Michael),  in  Latin  Maefilinus,  a 
noted  aftronomer  of  German v,  was  born  in  the  duchy 
of  Wittemberg  ; but  fpent  his  youth  in  Italy,  where  he 
made  a fpeech  in  favour  of  Copernicus’s  fyftcm,  which 
brought  Galileo  over  from  Arifiotle  and  Ptolomy,  to 
whom  he  was  before  wholly  devoted.  Pie  afterwards 
returned  to  Germany,  and  became  profeflbr  of  malhe- 
matiesat  Tubingen  ; where,  among  his  other  fcholars,  he 
taught  the  celebrated  Kepler,  who  has  commended  feve~ 
ral  of  his  ingenious  inventions,  in  his  Aftronomia  Optica. 

Masftlin  publifhed  many  m.athematical  and  allrono- 
mical  works  ; and  died  in  i 590. — Though  Tycho  Brahe 
did  not  affent  to  Masfilin’s  opinion,  yet  he  allow^ed  him 
''to  be  an  extraordinary  perfon,  and  deeply  fleilled  in  the 
fcience  of  aftronomy. 

MAGAZINE,  a place  in  which  (lores  are  kept,  of 
arms,  ammunition,  provifions,  8ic. 

Artillery  iNIagazine,  or  the  Magazine  to  a field  bat- 
tery, is  made  about  25  or  30  yards  behind  the  battery, 
towards  the  parallels,  and  at  lead  3 feet  under  ground, 
to  receive  the  powder,  loaded  (hells,  port*fii-es,  &c. — 
Its  roof  and  fides  fnould  I.'e  well  fecured  wn’th  boai'ds,  to 
prevent  the  earth  from  falling  in  : it  has  a door,  and  a 
double  trench  or  pafiagefiink  from  the  magazine  to  the 
battery,  the  one  to  enter,  and  the  other  to  go  out  at, 
to  prevent  confufion,  Sometimes  traverfes  are  made 
in  the  pafTages,  to  prevent  ricochet  (liot  from  entering 
the  magazine. 

Pe-zi/^^r-MAG AziME,  is  the  place  where  powder  is 
kept  in  large  quantities.  Authors  differ  very  much  with 
regard  to  the  fituation  and  condrudtion  of  thefe  ma- 
gazines ; but  all  agree,  that  they  otight  to  be  arched 
and  bomb-proof.  In  fortifications,  they  were  formerly 
placed  in  the  r-ampart  ; but  of  late  they  have  been  built 
in  different  parts  of  the  town.  The  firft  powder-ma- 
gazines were  made  with  Gothic  arches : but  M.  Vau- 
han  finding  thefe  too  weak,  ccnflruftctl  them  of  afemi- 
circular  form,  the  dimenfions  being  60  feet  long  within, 
and  25  feet  broad  ; the  foundations  are  8 or  9 feet 
thick,  and  8 feet  high  from  the  foundation  to  the  fpring 
of  the  arch  ; alfo  the  floor  2 feet  from  the  ground,  to. 
keep  it  from  dam-pnefs* 


It  is  a conflant  obfervation,  that  after  the  centering 
of  femicircular  arches  is  flruck,  they  fettle  at  the 
crown,  and  life  up  at  the  hances,  even  with  a flraight 
horizontal  extrados ; and  ftill  much  more  fo  In  powder- 
magazines,  where  the  outfide  at  top  Is  formed,  like  the 
roof  of  a lioufe,  by  inclined  planes  joining  in  an  angle 
over  the  top  of  the  arch,  to  give  a proper  defeent  to 
the  rain  ; which  effefls  are  exadtly  what  might  be  ex- 
pe(Red.  from^  the  true  theory  of  arches.  Now,  this 
flirinking  of  the  arches,  as  it  mufl  be  attended  with 
very  bad  conl^uquences,  by  breaking  the  texture  of  the 
cement  after  it  has  hi  fome  degree  been  dried,  and  alfo 
by  opening  the  joints  of  the  voufoirs  at  one  end,  fo  a 
reiuedy  is  provided  for  this  inconvenience,  with  regard 
to  bridges,  by  the  arch  of  equilibration,  in  my  book  on 
the  Principles  of  Bridges  : but  as  the  ill  confequences 
of  It  are  much  greater  in  powder-magazines,  in  qiieflion 
96  of  my  Mathematical  Mifcellany,  I propofed  to  find 
an  aich  of  equilibration  for  them  alfo  ; which  quefiion. 
was  there  lefolved  both  by  Mr.  \^^ildbore  and  myfelf, 
both  upon  general  principles,  and  which  I Illuftrated 
by  an  application  to  a particular  cafe,  which  is  there 
conflrudfed,  and  accompanied  with  a table  of  numbers 
for  that  purpofe.  Thus,  if  ALKMB  reprefent  a ver- 
tical ti  anfvTi  fe  fecf  ion  of  the  arch,  the  roof  forming  an 
angle  LKM  of  112^  37/,  alio  PC  an  ordinate  parallel 
to  the  hoiizon  taken  in  any  part,  and  IC  perpendicu- 
lar to  the  fame  ; then  for  properly  conflrufting  the 
CLUve  fo^  as  to  be  the  ftrongeft,  or  an  arch  of  equili- 
biation  In  all  its  parts,  the  correfpondlng  values  of  PC 
and  Cl  will  be  as  in  tiie  following  table,  where  thofe 
luuTibei s may  denote  any  lengths  whatever,  either 
inches,  or  feet,  or  half-yards. 


Value 

Value 

of  PC 

of  IC 

I 

7-031 

2 

7-125 

3 

7-264 

4 

7-501 

5 

7-789 

6 

8-164 

7 

8-574 

8 

9-078 

' 9 

9-663 

10 

1 0-333 
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Magazine,  or  Powder-Room,  on  (hip-board,  is  a 
cloft  room  or  (lore-houfe,  built  In  the  fore  or  after  part 
of  the  hold,  in  which  to  preierve  the  gunpowder  for 
the  ufe  of  the  (hip.  This  apartment  is  (Irongly  fecured 
againft  fire,  and  no  perfon  Is  allowed  to  enter  it  wdth  a 
lamp  or  candle  . it  is  therefore  lighted,  as  occafion  re- 
quires, by  means  of  the  candles  or  lamps  in  the  light- 
room  contiguous  to  it. 

MAGELLANIC-Clouds,  whitiih  appearances  like 
clouds,  feen  in  the  heavens  towards  the  fouth  pole,  and 
having  the  fame  apparent  motion  as  the  liars.  They 
are  three  in  number,  two  of  them  near  each  other. — 
The  larged  lies  far  from  the  fouth  pole  ; but  the  other 
two  are  not  many  degrees  more  remote  from  it  thaa 
the  neared  confpicuous  dar,  that  ia^  about  1 1 degrees., 
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Mr.  Boyle  con] eftiires  that  if  tliefe  cloiuls  were  ieen 
through  a good  telefcope,  they  would  appear  to  be 
nuiltitudes  of  fmall  ftars,  like  the  milky  way.  ■ 

MAGIC  Lantern,  an  optical  machine,  by  means 
of  which  fmall  painted  images  are  reprefented  on  the 
wall  of  a dark  room,  magnified  to  any  fr/e  at  plpfure. 
This  machine  was  contrived  by  Kircher,  (fee  his  Ars 
Magna  Lucis  and  Umhrre,  pa.  768)  5 and  it  was  h) 
called,  becaufe  the  images  were  made  to  reprefent 
ftrange  phantafms,  and  terrible  apparitions,  which  have 
been  taken  for  the  effedl  of  magic,  by  fuch  aa  were 
Ignorant  of  the  fecret.  ' 

This  machine  is  compofed  of  a concave  fpeci4nm, 
from  4 to  12  inches  diameter,  reiledfing  the  light  of  a 
candle  through  the  fmall  hole  of  a tube,  at  the  end  of 
wdiich  is  fixed  a double  convex  lens  of  about  3 inches 
‘ focus.  Between  tlie  two  are  fuccdhvely  placed,  many 
fmall  plain  gialTes,  painted  with  various  figures,  uiually 
fuch  as  are  the  moft  formidable  and  terrifying  to  thefpec- 
tators,  when  reprefented  at  large  on  the  oppofite  wall. 

Thus,  (PL  13,  iig.  14)  ABCD  is  a common  tin  lan- 
tern, to  which  is  added  a tube  FG  to  draw  out.  In  H 
is  fixed  the  metallic  concave  fpeculum,  from  4 to  12 

■ inches  diamiCter  , or  elfc,  inftead  of  it,  near  the  ex- 
tremity of  the  tube,  there  mu  ft  be  placed  a convex 
lens,  coniifting  of  a fegment  of  a fmall  fphere,  of  but  a 
feiv  inches  in  diameter.  The  ufe  of  this  lens  is  to 
throw  a ftrong  light  upon  the  image ; and  fome-  , 

■ times  a concave  fpeculum  is  nled  with  the  lens,  to  ■ 
render  the  image  IHli  more  vivid;  In  the  focus  of 
the  concave  fpeculum  or  lens,  is  placed  the  lamp  L ; 

• and  within  the  tube,  where  it  is  loldered  to  the  fide  of  . 
the  lantern,  is  placed  a fmall  lens,  convex  on  both 
iides,  being  a portion  of  a fmall  fphere,  having  its 
focus  about  the  diilance  of  3 inches.  The  extreme  1 
part  of  the  tube  FM  is  fquare,  and  has  an  aperture  . 
cjuite  through,  fo  as  to  receive  an  oblong  frame  NO 
paffing  into  it  ; in  which  frame  there  are  round  holes, 
of  an  inch  or  two  in  diameter.  Anfwering  to  the 
magnitude  of  thefe  holes  there  are  drawn  circles  on  a 
plain  thin  glafs  ; and  in  thefe  circles  are  painted  any 
fio-ures,  or  images,  at  pleafure,  with  tranfparent  water 
colours.  Thefe  images  fitted  into  the  frame,  in  an 
inverted  pofition,  at  a fmall  diftance  from  the  focus 
of  the  lens  I,  will  be  projedled  on  an  oppofite  white 
wall  of  a dark  room,  in  all  their  colours,  greatly  m.ag- 
nified,  and  in  an  ere6l  pofition.  By  having  the  in- 
llrument  fo  contrived,  as  that  the  lens  I may  move  on 
a fiide,  the  focus  may  be  made,  and  confequently  the 
image  appear  diftincl,  at  almoft  any  diftance. 

Or  thus  : Every  thing  being  managed  as  in  the 
former  cafe,  into  the  Hiding  tube  FG,  infert  another 
convex  lens  K,  the  fegment  of  a fphere  rather  larger 
than  -I.  Now,  if  the  piAure  be  brought  nearer  to  I 
than  the  diftance  of  the  focus,  diverging  rays  will  be 
propagated  as  if  they  proceeded  from  the  objeA  ; 
wherefore,  if  the  lens  K be  fo  placed,  as  that  the  ob- 
ject b,e  very  near  its  focus,  the  image  will  be  exhibited 
.on  the  walk  greatly  magnified. 

Magic  Square,  is  a fquare  figure,  formed  of  a feries 
of  numbers  ,in  arithmetical  progrelfion,  fo  difpofed  in 
parallel  and  equal  ranks,  as  that  the  fums  of  each  row, 
taken  either  perpendicularly,  horizontally,  or  diagonally, 
^re  equal  to  one  another.  As  the  annexed  fquare,  form- 


ed of  thefe  nine  numbers,  i,  2,  3,  4,  5,  6,  7,  8,  9 
where  the  fiim  of  the  three  figures 
in  every  row,  in  all  direClions,  is 
always  the  iame  number,  viz  15. 

But  if  the  lame  numbers  be  placed 
in  this  natural  order,  the  firft  being 
I,  and  the  laft-of  them  a fquare 
number,  they  will  form  what  is 
called  a natural  fquare.  As  in  tlie 
• iirft  25  numbers,  viz,  i,  2,  3,  4?  5? 

&c  to  25. 
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where  every  row  and  diagonal  in  the  magic  fquare 
makes  puft  the  fum  65,  being  the  fame  as  the  two 
diagonals  of  the  natural  fquare. 

It  is  probable  that  thefe  magic  fqufires  were  fo  called, 
both  becaufe  of  this  property  in  them,  viz,  that  the 
ranks  in  every  diredlion  make  the  fame  fum,  appeared 
extremely  furprifing,  efpecially  in  the  more  ignorant 
ages,  when  mathematics  pafled  for  magic,  and  becaufe 
alfo  of  the  fuperllitious  operations  they  were  employed' 
in,  as  the  conftruclion  of  talilmans,  &c  ; for,  according 
to  the  childifti  philofophy  of  thofe  days,  which  aferibed 
virtues  to  numbers,  What  might  not  be  expected  from 
numbers  fo  feemingly  wonderful  ! 

The  Magic  Square  was  held  in  great  veneration 
among  the  Egyptians,  and  the  Pythagoreans  their 
difclples,  who,  to  add  more  efficacy  and  virtue  to  this 
fquare,  dedicated  it  to  the  then  known  feven  planets 
divers  ways,  and  engraved  it  upon  a plate  of  the  metal 
that  was  efteemed  in  fympathy  with  the  planet.  The 
fquare  thus  dedicated,  was  inclofed  by  a regular  poly- 
gon, inferibed  in  a circle,  which  was  divided  into  as 
many  equal  parts  as  there  were  units  in  the  fide  of  the 
fquare  ; with  the  names  of  the  angels  of  the  planet, 
and  the  figns  of  the  zodiac  written  upon  the  void 
fpaces  between  the  polygon  and  the  circumference  of 
the  circumferibed  circle.  Such  a talifman  or  metal 
they  vainly  imagined  would,  upon  occafion,  befriend 
the  perfon  who  carried  it  about  him. 

To  Saturn  they  attributed  the  fquare  of  9 places  or 
cells,  the  fide  being  3,  and  the  fum  of  the  numbers  in 
every  row  15  : to  Jupiter  the  fquare  of  16  places,  the 
fide  being  4,  and  the  amount  of  each  row  34  : to 
Mars  the  fquare  of  25  places,  the  fide  being  5,  and  the 
amount  of  each  row  65  ; to  the  Sun  the  fquare  with 
36  places,  the  fide  being  6,  and  the  fum  of  each  row 
ill  ; to  Venus  the  fquare  of  49  places,  the  fide  being 
7,  and  the  amount  of  each  row  275  : to  Mercury  die 
fquare  with  64  places,  the  fide  being  8,  and  the  liun  of 
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each  row  2'6o  : and  to  the  Moon  the  fqiiare  of  81 
-places,  the  fide  being  9,  and'the  amount  of  each  row 
369.  Finally,  they  attributed  to  imperfedl  mat- 
ter, the  fqnare  witli  4 divifions,  having  2 for  its  fide? 
and  to  God  the  fquare  of  oiih^  one  cell,  the  fide  of 
which  is  aifo  an  unit,  which  multiplied  by  itfelP,  un- 
dergoes no  change. 

However,  what  was  at  firft  the  vain  pracTiice  of  con- 
jurers and  makers  of  talifmans,  has  fmee  become  the 
'fiibjedt  of  a ferious  refearch  among  mathematicians. 
Kt)t  that  they  imagine  it  will  lead  them  to  any  thing 
ot  fohd  life  or  advantage;  but  rather  as  it  is.  a kind 
•of  play,  in  \\'k!ch  tlic  difficulty  makes  the  merit,  and 
It  may  chance  to  produce  feme  new  views  01  numbers, 
which  mathematicians  •will  not  lofe  the  occafion  ci. 

It  would  feem  that  Eman.  Mofcliopulus,  a Greek 
author  of  no  high  antiquity,  is  the  liril;  now  known 
of,  who  tias  Ipoken  of  m.agic  fqnares  ; he  lias  left 
fome  rules  for  their  conf;ru(fIion  ; tliough,  by  the  age 
in  which  he  lived,  there  is  reafon  to  imagine  he  did 
not  look  upon  them  merely  as  a mathematician. 

In  the  treatiie  of  Cornelius  Agripjya,  fo  much  ac- 
cufed  of  magic,  are  found  the  huiaresof  leven  numbers, 
viz,  from  3 to  9 inclufive,  difpofed  magically;  and  it 
is  not  to, be  fuppofed  that  thole  feven  numbers  were 
preferred  to  all  others  without  fome  good  realon  : in- 
deed it  is  becaufe  their  fqnares,  according  to  the 
fyhein  of  Agrippa  and  his  followers,  are  planetarv. 

I he  l-quare  of  3,  for  inflancc,  belongs  to  Saturn  ; that 
oj  4 to  Jupiter  ; that  of  5 to  Mars  ; that  of '6  to  the 
Sun  ; that  of  7 to  Venus  : that  of  8 to  Mercury  ; and 
that  of  9 to  the  Moon. 

M.  Bachet  applied  himfelf  to  the  ftudy  of  magic 
fquarcs,  on  the  hint  he  had  taken  from  the  planetary 
fqnares  of  Agrippa,  as  being  unacquainted  with  Mof- 
chopulus's  work,  which  is  only  in  manufeript  in  the 
I'rench  king’s  library  ; and,  without  the  allillance  of 
any  author,  he  found  out  a new  metliod  for  the  fqnares 
of  uneven  numbers  ; for  iiiftance,  25,  or  49,  Sec  ; but 
he  could  not  fucceed  with  thofe  that  have  even  roots. 

IM.  Freniclc  next  engaged  in  this  fubjeft.  It  was 
fhe  opinion  of  fome,  that  although  theYirk  16  num.- 
bers  might  be  difpofed  20922789888000  different 
Ways  in  a natural  fquare,  yet  they  could  not  be  dif- 
poied  more  than  16  ways  in  a magic  fquare  ; but  M. 
Irenicle  fhewed,  that  they  might  be  thus  difpofed  in 
878  different  ways. 

Yo  this  bufinefs  he  thought  fit  to  add  a difficulty 
that  had  not  y'et  been  confidered  ; which  was,  to  take 
away  tiie  marginal  numbers  quite  around,  or  any  oth.er 
circumference  at  pleafure,  or  even  feveral  of  Inch  cir- 
cnimferences,  and  yet  that  the  remainder  fhould  flill 
be  magical. 

Again  he  inverted  that  condition,  and  required  that 
any  circum.ference  taken  at  pleafure,  or  even  feveral 
circumferences,  fhoiild  be  inleparable  from  the  fquare; 
tliat  is,  that  it  fhould  ceafe  to  be  magical  when  they  were 
removed,  and  '^mt  continue  magical  after  the  removal 
of  any  of  the  red.  M.  I'Venicle  however  gives  no  ge- 
neral demonflration  of  his  methods,  and  it  often  feems 
that  he  has  'no  other  guide'  but  chance.  It  is  true, 
his  book  was  not  publiflied  by  himfelf,  nor  did  It  ap- 
pear till  after  his  death,  viz,  in  169'?. 

In  1703  M.  Poignard,  canon  of  Bruffels,  publlflu'd 
a treatiie  on  fublime  magic  fquares.  Before  his  time 
VoL.  II. 


there  had  bee*!!  no  magic  fqnares  made,  but  for  feriefes 
of  natural  numbers  that  formed  a fqnare;  but  M. 
Poignard  made  two  very  confidcrable  improvements, 
ill,  Indead  of  taking  all  the  numbers  that  fill  a fquare, 
for  lidlancc,  the  36  fucceffive  numbers,  which  would 
fill  all  the  cells  of  a natuiul  fquare  wliofe  fide  is  6,  he 
only  takes  as  many^  fucceffive  numbers  as  tliere  are 
units  in  tlie  iide  of  the  fquare,  which  in  this  cafe  are 
6 ; and  thefe  fix  numbers  alone  he  diipofes  m fuch 
manner,  in  the  36  cells,  that  none  of  them  occur  twice 
in  the  fame  rank,  whether  it  be  horizontal,  vertical, 
or  diagonal ; whence  it  follows,  tliat  all  the  ranks, 
taken  all  the  ways  jiolfible,  mull  always  make  the  fame 
lum  ; and  this  mctliod  M.  Poignard  calls  repeated  pro- 
grelfions.  2d,  Inllead  of  being  confined  to  take  thefe 
numbers  according  to  the  feries  and  f ucceffion  of  the  na- 
tural miinhcrs,  that  is  m ariLlimetical  jirogreffioUjlietakes 
them  likewiie  in  a geometrical  progreffion  ; and  even  in 
an  harmonical  prpgrdfion,  tlie  numbci's  of  all  the  ranks 
always  followingthc  fame  kind  of progrefbon ; he  makes, 
fquarcs  of  each  of  thefe  three  progrtflions  re])tated. 

M.  Poignard’s  book  gave  occafion  to  M.  de  la 
Hire  to  turn  his  thonglits  to  tlie  fame  fubjedt,  which 
he  did  with  fuch  fuccefs,  that  he  greatly  extended 
tlie  theory  of  magic  fqnares,  as  well  for  even  numbers 
as  thofe  that  arc  uneven  ; as  may  be  feen  at  large  in 
the  blemoirs  of  the  Royal  Academy  of -Sciences,  for 
the  years  1705  and  1710.  See  alfo  Sannderlbn’s  Al- 
gebra, vol.  1,  pa.  3545  alfo  Ozanam’s  Mathe- 

matical Kccreations,  who  lays  down  the  following  eafy 
method  of  filling  up  a magic  fquare. 

y 0 form  a magic  fquare  oj  an  odd  number  of  terms  in 
the  arithmetic  progre[fion  1,  2,  3,  4,  &;c.  Place  the 
lead  term  i in  the  cell  immediately  under  the  middle, 

4 ’ 

or  central  one,  and  the  red  of  the  termsi,  in  tlieir  na- 
tural order,  in  a defcendlng  diagonal  direefion,  till 
they  run  off  either  at  the  bottom,  or  on  the  fide  : when 
the  number  runs  off  at  the  bottom,  carry  it  to  the  upper- 
mod  cell,  that  is  not  occupied,  of  the  fame  column  that 
it  would  have  fallen  in  below,  and  then  proceed 
defeending  diagonahvife  again  as  far  as  yon  can,  or  till 
the  numbers  either  run  off  at  bottom  or  fide,  or  arc  in- 
terrupted by  coming  at  a cell  already  filled  : now  wlien 
any  number  runs  off  at  the  right-hand  iide,  then  bring 
it  to  the  fartheff  cell  on  the  left-hand  of  the  fame 
row  or  line  it  would  have  fallen  in  towards  the  right-  ' 
hvnd  : and  when  the  progrefs  diagonal  wife  is  inter- 
rupted by  meeting  with  a cell  already  occupied  by  fome 
other  number,  then  defeend  diagonally  to  the  Icftfroni 
this  cell  till  an  empty  one  is  met  with,  where  enter  it; 
and  thence  jiroceed  as  before. 

'Phus,  to  make  a ma- 
gic Iqnare  of  the  49  niira-, 
bers  I,  2,  3,  4,  &c.  Bird 
]dacc  the  I next  below 
the  centre  cell,  and  thence 
defeend  to  the  right  till 
the  4 runs  off  at  the 
bottom,  which  therefore 
cany  to  tlic  to])  corner 
on  the  fame  column  as  it 
would  have  fallen  in;  but 
as  runs  od  at  tlie  fide, 
bring  it  to  the  begin- 
ning of  the  fecond  line, 
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and  thence  defcend'to  the  right  till  they  arrive  at 
the  cell  occupied  by  i ^ carry  the  8 thereiore  to  the 
next  diagonal  cell  to  tlie  left,  and  fo  prceeeci  till  lO 
run  cdF  at  the  bottom,  vrhich  can  y therefore  to  the  top 
of  its  column,  and  fo  proceed  till  1 3_rims  off  at  the  fide, 
which  therefore  bring  to  the  beginning  of  tne  lame 
line,  and  thence  proceed  till  15  arrives  at  the  ceil  oc- 
cupied by  8 j from  this  theiefore  defeend  diagonally  to 
the  left ; but  as  16  runs  oii  a.t  the  bottom,  cany  n,  t<) 
the  top  of  its  proper  column,  and  tlience  defeend  cm 
21  rim  oft  at  the  fide,  which  is  therefore  brouofnt  to 
tlie  beginning  of  its  proper  line;  ]>ut  as  22  arrives  at 
the  ceil  occupied  by  15,  ekfeend  diagonally  to^lhe  left, 
which  brings  it  into  the  i ft  column,  out  on  a.i-  tiiC 
bottom,  and  thcrefoie  it  is  carried  to  tlie  to|)  01  tnat 
column  ; thence  defeending  till  29  runs  oft  both  at 
bottom  and  fide,  which  tnerefcn'e  carry  to  the  Inglwft 
unoccupied  cell  in  the  lait  column;  and  iiete,  as 
runs  oft' at  the  fide,  bring  it  to  the  beginning  of  its 
proper  column,  and  thence  defeend  till  35  runs  oft  at 
the  bottom,  which  therefore  carry  to  the  beginning  or 
toD  of  Its  own  column  ; and  here,  as  3^  iTiects  witu 
the  cell  occiipiied  by  29,  it  is  broug^ht  fiom  thence 
(iia-goRally  to  the  left  j tnence  defeending,  3^  mns  oiF 
at  the  fide,  and  therefore  it  is  brought^  to  tlie  be- 
ginning of  its  proper  line  ; thence  deicending,  41  runs 
off  at  the  bottom,  which  therefore  is  carried  to  the 
be<Tinning  or  top  ot  its  column  ; irorn  wdience  defeend- 
ing,  43  arrives  at  the  cell  occupied  by  36,  and  there- 
fore it  is  brought  down  from  thence  to  the  left  ; 
thence  defeending,  46  runs  off  at  the  fide,  which  there- 
fore is  brought  to  the  beginning  of  its  line  ; but  ha*e,  as 
4.'7  rims  off  at  the  bottom,  it  .is  carneo  to  the  beginning 
or  top  of  its  column,  from  w^hence  defeending  with  48 
and  49,  the  fqiiare  is  completed,  the  fum  of  every  row 
and  column  and  diagonal  making  jull^  175* 

There  are  many  other  ways  of  filling  up  mch 
fquares,  but  none  that  are  eafier  than  the  above  one. 

It  was  obferved  before,  that  the  fum  of  the  num- 
bers in  the  rows,  columns  and  diagonals,  was  15  in  the 
fquare  of  9 numbers,  34  in  a fquare  of  16,  65  in  a 
fquare  of  25,  8cc  ? hence  then  is  derived  a method  of 
findimr  the  fums  of  the  numbers  in  any  other  fquare, 
viz,  by  taking  the  fucceffive  differences  till  they  become 
equal,  and  then  adding  them  fucceffiyely  to  produce 
or  find  out  the  amount  of  the  following  fums.  Thus, 
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aving  ranged  tlie  fides  and  cells  in  two  columns,  and  a 
ew  of  the  llift  fums  in  a third  column,  take  the  firft  dif- 
ei-ences  of  thefe,  v/hicli  will  be  1,4,  10,  19,  &c,  as 
r/  the  4th  column ; and  of  thefe  take  the  differences 


o,  3,  9,  t2,  &c,  as  in  the  5th  column  ; and  ag'ain,  of 

thefe  die. differences  3,  3,  3 &c,  as  in  the  6th  or  laft  co- 
lumn. Then,  returning  back  again,  add  always  3,  the 
conftant  laft  or  3d  difference,  to  the  lafl  found  of  the  2d 
difkrences,  which  will  complete  the  remainder  of  the 
column  of  thefe,  viz,  15,  18,  21,  24,  &c  : then  add 
thefe  2d  differences  to  the  laft  found  of  the  ift  dif- 
ferences, which  vrili  complete  the  column  of  thefe, 
{12  1,  46,  64,  &c  : laflly,  add  always  thefe 


nz,  giving  3., 


correfpending  i ft  diifterenccs  to  the  hift  found  number 
or  amount  of  the, fums,  and  the  column  of  fums  will 
thus  lie  con  1 Mi 
Again, 
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,G  the  terms  of  an  arithmetical  pro- 
greftion  arranged  magically,  give 
the  fame  fum  in  every  row  &c, 
fo  the  terms  of  a geometrical 
feries  arranged  magically  give  the 
fame  product  in  every  row  &c, 
by  multiplying  the  numbers  con- 
tinually togetiier  ; fo  this  pro- 
greftion  i,  2,  4,  8,  16,  &c,  ar- 
ranged as  in  the  margin,  gives, 
for  eacli  continual  product,  4096 
in  every  row  &c,  which  is  juft 
the  cube  of  the  middle  term,  16. 

Alfo,  the  terms  of  an  harmo- 
nical  progreffion  being  ranged 
magically,  as  in  the  margin,  have 
the  terms  in  each  row^  &c  in  har- 
monica] progreffion. 

Tlie  ingenious  Dr.  Franklin, 
it  feems,  carried  this  curious  fpeculation  farther  than 
any  of  his  predeceiTors  in  the  lame  way.  He  conftruT- 
ed  both  a ma-p7c  fquare  of  fquares^  and  a magic  circle- 
of  circles,  the  defeription  of  which  is  as  follows.  The 
magic  fquare  oi  fquares  is  formed  by  dividing  the  great 
fquare  as  in  fig.  i,  PI.  15*  The  great  iqiiare  is  divided 
into  256  little  fquares,  in  which  all  the  numbers  from- 
i to  256,  or  the  fquare  of  16,  are  placed,  in,  1 6 columns, 
which  may  be  taken  either  horizontally"  or  vertically. 
Their  chief  properties  are  as  follow  : 

1.  The  fum  of  ihe  16  numbers  in  each  column  or. 
row,  vertical  or  horizontal,  is  2056- 

2.  Every -half  column,  vertical  and  horizontal,  makes-. 
1028,  or  juft  one  half  of  the  fame  fum  2056. 

3.  Half  a diagonal  afcer.ding,  added  to  half  a diago- 
nal defeending.  makes  alfo  the  lame  fum  2056  ; taking 
thefe  half  diagonals  from  the  ends  of  any  fide  of  the 
fquare  to  the  middle  of  it  ; and  fo  reckoning  them 
eitlier  upward  or  downward  ; or  lideways  from  right  to 
left,  or  from  left  to  right. 

4.  The  fame  with,  all  the  parallels  t .:.  the  half  diagonals, 
as  many  as  can  be  drawn  in  the  great  iquare  : ior  any 
two  of  them  being  diredfted  apwaid  and  downward, 
from  the  [dace  where  they  bwwn,  to  that  where  they 
end,  their  iurns  ftill  make  Gw  lame  205b.  Alio  the 
fame  holds  true  dowiiw.iiu  and  upward  ; as  well  as  it 
taken  lidewavs  to  the  middle,  and  back  to  the  fame  fide 
again.  Only  one  fet  of  thefe  iialf  diagonals  and  their 
parallels,  is  drawn  in  the  fame  fquare  upward  and  down- 
ward ; but  another  let  may  be  drawn  from  any  of  the 
other  three  fides. 

3.  The  four  corner  numbers  in  the  great  fquare  add- 
ed to  the  four  central  numbers  in  it,  make  1028,  the 
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}ialf  ium  of  any  vei'ticai  or  horizontal  column,  which 
tontains  i6  numbers  ; and  alfo  equal  to  half  a diagonal 
or  its  parallel. 

6.  If  a fqnare  hole,  equal  in  breadth  to  four  of  the 
little  fquares  of  celhq  be  cut  in  a paper,  through  which 
any  of  the  : 6 little  ccdls  in  the  great  fquare  may  be 
feen,  and  the  paper  be  laid  upon  the  great  Iquare  ; the 
dum  of  all  the  j6  numbers,  feen  through  the  hole,  is  al- 
ways equal  to  20^6,  the  Inm  of  tile  j6  numbers  in  any 
hoiizontal  or  vertical  column. 

The  Mcgh:  Circle  of  Circles^  fig.  2,  pi.  is;-,  by  tlic 
fame  author,  is  compoled  of  a fenes  of  numbers,  frc'm 
12  to  75  inclnfive,  divided  into  8 concentric  circular 
fpaccs,  and  ranged  in  8 r;u!:!  of  iiumbc'rs,  with  the  num- 
ber 12  in  the  centre;  which  number,  lilic  die  centre,  is 
corruTion  to  all  thefe  circular  fpaces,  aud  to  all  tlie  rvdii. 

The  numbers  are  fo  placed,  that  if,  the  fum  of  all 
thole  in  either  of  the  concentric  circular  friaces  above 
mentioned,  together  with  the  centra!  laimher  12, 
amount  to  the  fomc  as  the  number  "of  dtorees  111  a 
circle.  ^ 

2.  The  numbers  in  each  radius  alfo,  together  witli 
the  central  number  12,  make  juit  36c. 

3.  The  nunlhers  in  half  of  any  of  the  above  circular 
fpaces,  taken  either  above  or  below  the  double  iiorizon- 
tal  line,  with  half  the  central  number  12,  make  jull  180, 
or  hair  the  degrees  in  a circle. 

4.  If  any  four  adjoining  numbers  be  taken,  .as  if  in  a 
fquare,  in  theyadiaj  divifmns  of  thefe  circular  ipaccs  ; 
the  fum  of  theYe,  with  half  (he  central  number,  make 
alfo  the  fame  180. 

V There  are  alfo  included  fmir  fets  of  otlmr  circular 
fpaces,  bounded  by  ciicles  that  are  exccnlric  witli  regard 
to  the  common  centre  ; each  of  thefe  fets  containing 
five  fpaces  ; and  the  centres  of  th.em  being  at  A,  B,  C, 
D.  For  dilHnflion,  thefe  circles  are  drawn  with  difle- 
rent  marks,  fome  dotted,  others  by  fliort  unconnected 
lines,  &c  ; or  Itill  better  with  inks  of  divers  colours,  as 
blue,  red,  green,  yellow. 

Thefe  fees  of  excentric  circular  fpaces  interfea  thofe 
of  the  concentric,  and  each  other;  and  yet,  the  num- 
bers contained  in  each  of  the  cxccntric  fpaccs,  taken  all 
around  through  any  of  tlic  20,  which  are  excentric, 
make  the  fame  fum  as  thofe  in  the  concentiic,  namely 
360,  when  the  central  number  12  is  added.  Tlieir^ 
halves  alfo,  taken  above  or  below'  the  double  horizontal 
line,  with  half  the  central  number,  make  up  180. 

It  IS  ohfcrvahle,  that  tliere  is  not  one  of  the  numbers 
but  w'hat  belongs  at  leaf!  to  two  of  the  circular  fpaces  ; 
lome  to  three,  fome  to  four,  fome  to  five  : and  yet  thev 
are  ail  fo  placed,  as  never  to  break  the  required  number 
360,  in  any  of  the  28  circular  fpaces  witliin  the  primi- 
tive circle.  They  have  alfo  other  properties.  See 
Franklin’s  Exp.  and  Ohf.  pa.  330,  edit,  qto,  17C9;  or 
FergufoiEs  Tables  •nd  Trads,  1771,  pa.  3 i 8.  ' 
^MAGICAl.  PiBurc^  in  i'dedricity,  was  frit  con- 
trived by  Mr.  Kinnerfley,  and  is  thus  made  : Eiaving  a 
la  I ge  mezzotinto  with  a fiame  and  gkif?,  as  of  the  king 
for  inhance,  take  out  the  print,'  and  cut  a pannel  out  oY' 
it,  near  two  inches  dillant  from  the  frame  all  around  ; 
then  witli  thin  pafle  or  gum-water,  fix  the  border  that 
is  cut  off  on  the  infide  of  the  glafs,  preffing  it  fmooth 
and  clofe  ; then  fill  up  the  vacancy  by  gilding  the  edafs 
well  with  leaf  gold  or  brafs.  Gild  likewife  the  inner 


edge  of  the  bach  of  the  frame  all  round,  except  the  top 
part;  and  form  a communication  between  that  gilding 
and  the  gilding  behind  the  glafs  ; then  put  in  the 
boaidv  and  that  fide  is  finifiied.  Next  turn  up  the  glafs, 
and  gild  the  forefide  exadly  over  the  back  gilding^nd 
when  It  is  dry,  cover  it  by  palling  on  the  pannel  of  the 
pidfure  that  lias  been  cut  out,  obferving  to  brincr  the 
correfponding  parts  of  the  border  and  pief  Lire  together, 
by  which  means  the  pidture  wall  appear  entire,  as  at 
fiitfj^onJy  part  behind  the  glafs,  and  part  before. 

Hold  the  picfure  horizontally  by  the  top,  and  place 
a fmall  moveable  gilt  crown  on  the  king’s  head.  If 
now  the  piaure  be  moderately  electrified,  and  another 
jierfon  take  hold  of  the  frame  wnth  one  hand,  fo  that 
his  hngers  touch  its  inlide  gilding,  and  with  the  other 
liaud  endeavour  to  takeoff  the  crown,  he  will  receive  a 
violent  blow,  and  fail  in  the  attempt.  If  the  piaure 
were  highly  chai ged,  the  confcquence  might  he  as  fatal 
as  that  of  high  treafon.  The  operator,  who  holds  the 
piaure  by  the  upper  end,  where  the  infide  of  the  frame 
is  not  gilt,  to  prevent  its  falling,  feels  nothing  of  the 
block,  and  may  touch  the  face  of  tlie  piaureYvicliout 
danger.  And  if  a ring  of  pcrl'ons  take  the  fhock 
among  iliem,  the  experiment  is  called  the  confph'ators. 
See  Iwankhn’s  Fxper.  and  Obferv.  pa.  30, 

(John-An-thon-y),  or  Maoixus,  pro- 
fefior  of  mathematics  m the  iiniverfity  of  Bolbjrna, 
born  at  Padua  in  the  year  1536.  Magini  wasYemark- 
aole  for  his  great  alhduity  in  acquiring  and  improving 
tJie  knowledge  of  tJie  mathematical  fcicnces,  withTe- 
vcral  new'  inventions  for  tliefe  purpofes,  and  for  the  ex- 
traordin^ary^  favour  he  obtained  from  moil  princes  of  liis 
time.  fills  doubtlcfs  arofe  partly  from  the  celebrity 
htj  harl  in  matters  of  allrology,  to  wdiich  he  was  nreatly 
aadicled,  making  horofeopes,  and  foretelling  events, 
both  relating  to  perfons  and  things.  He  vYs  invited 
by  the  emperor  Rodolphus  .to  come  to  Vienna,  wdiere 
he  pronuied  him  a profelfor’s  chair,  about  the  year 
1597  ; ])ut  not  being  able  to  prevail  on  .him  to  fettle 
there,  lie  neverthelefs  gave  him  a handfome  penfion. 

It  k faid,  he  was  fo  much  addidfed  to  aftroloo-ical 
piedictions,  tliat  ne  not  only  foretold  many  good  and  evil 
events  relative  to  others  wfth  fuccefs  ; but  even  fore- 
told lus  own  death,  which  came  to  pafs  the  fame  year  : 
all  wdiiclMie  reprefented  as  under  the  influence 'cY  the 
ffaiS.  I omafini  fays,  that  Magini,  being  advanced  to 
h.is  61  il  year,  was  flruck  with  an  apoplexy,  which  ended 
Ills  days  ; and  that  a long  w'hile  before,  he  had  told 
Inm  and  others,  that  he  w'as  afraid  of  that  year.  And 
_ Iloffeni,  Ins  jiiipil,  fays,^  that  Magini  dicY  under  an  . 
alpect  of  the  planets,  w'ln'ch,  according  to  his  own  pre- 
chftionw'ould  prove  fatal  to  him;  and  he  mentions 
Riccioh  as  affirming  that  he  laid,  the  figure  of  his  na- 
tivity, and  his  chmadleric  year,  doomed  him  to  die 

about  t]i-;t  time  ; which  happened  in  1618,  in  the  did 
year  of  his  age. 

Flis  waitings  do  lionour  to  his  memory,  as  they  were 
very  confiderablc,  and  upon  learned  fubjedts.  The 
principal  were  the  following  ; i.  Flis  Ephemcris,  in  2 
volumes,  from  the  year  1580  to  1630.-Y2.  Tables  of 
Secondary  Motions..— 3.  Aitronomkal,  Gnomonicrl 
and  Geograiiliieal  Problems.— 4.  Theory  of  tlie  Planets' 
according  to  Copernicus.— 5.  A Confutation  of  Scali- 
ger’s.  Dilfertation  concerning  the  rrcccflloii  of  the- 
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"Equinox*— 6.  A Piimum  Mobile,  in  12  books. — 7. 
A Treatife  of  Plane  and  Spherical  Trigono'rnetry.-— 8. 
A Commentary  on  Ptolorny’s  Geography. — 9* 
rographical  Deicrip^tion  01  the  ivegiotiS  ajici  Cities 
Italy,  iiluftrated  with  60  maps  ; with  fome  other 
papers  on  iCftrological  fubjedls. 

MAGNET,  Magnes,  the  Loadjflone ; a kind  of  fer- 
ruginous Hone,  refembling  iron  ore  in-  weiglit  and  co- 
lour, though  rather  harder  and  heavier  5 and  is  endued 
with  divers  extraordinary  properties,  attractive,  diice- 
tive,  inclinatory,  &c.  See  Magnetism. 

The  Magnet  is  alfo  called  Lapis  Heraclaiis,  from 
Ileraclea,  a city  of  Magnefia,  a port  of  the  ancient  Ly- 
dia, where  it  was  faid  it  was  liril  iound,  and  from  wnich 
it  is  iifually  fuppofed  that  it  took  its  name.  Tliongh 
fome  derive  the  word  from  a fliepherd  named 
who  firft  difeovered  it  on  Mount  Ida  with  the  iron  ol 
his  crook.  It  is  alfo  called  Lapis  Nauliais^  from  its 
life  in  navigation  ; alfo  Sidentes.)  from  its  viiLiie  in  ?it- 
tradting  iron,  which  the  Greeks  call  m ''ifo.;. 

The  Magnet  is  ufually  found  in  iron  mines,  ^ and 
fometimes  in  very  large  pieces,  half  rnagnet,  half  iron. 
Its  colour  is  different,  as  found  in  different  countries. 
Norman  obferves,  that  the  beft  are  thofe  brought  from 
China  and  Bengal,  which  are  of  an  irony  or  fanguine 
colour  \ thofe  of  Arabia  are  rcddiili  5 thofe  of  hia- 
cedonia,  blackifh  ; and  thofe  of  Hungary,  Germ/any, 
England^  &c,  the  colour  of  unwrought  iron.  Neither 
its  fi  Hire  nor  bulk  are  conftant  or  determined  ; being 

found  of  all  fhapes  and  fizes. 

The  Ancients  reckoned  five  kinds  of  Magnets,  diffe- 
rent in  colour  and  virtue  : the  Ethiopic,  Magnefian, 
Bceotic,  Alexandrian,  and  Natolian.  They  alfo  took 
it  to  be  male  and  fem^ale  : but  the  chief  ufe  they  m*ade 
of  it  was  in  medicine  ; efpecially  for  the  cure  of  burns 
and  defluxions  of  the  eyes. — The  Moderns,  more  happy, 
take  it  to  condua  them  in  their  voyages. 

The  mofl  diftinguiffiing  properties  of^the  Magnet  arc. 
That  it  attraas  iron,  and  that  it  points  towards  the 
poles  of  the  world  ; and  in  ,othcr  circiimfiances  alfo 
dips  or  inclines  to  a point  beneath  the  horizon,  direaiy 
under  the  pole  ; it  alfo  communicates^  thefe  properties, 
by  touch,  to  iron.  By  means  of  which,  aie  outained 
the  manner’s  needles,  both  horizontal,  and  inclinatoiy 
or  dipping  needles. 

Lhe  ylttratime  Poaver  of  the  Magnet,  was  unown 
to  the  Ancients,  and  is  mentioned  even  by  Pla.o  and 
Euripides,  who  call  it  the  Hcrcukan  ftone,  becaufe  it 
commands  iron,  which  fubdues  every  thing  elfe^:  but 
the  knowledge  of  its  direaive  power, ^ by  which  it  dii- 
poLs  its  poles  along  the  meridian  of  every  place,  or 
nearly  fo,  aiidoaufes  needles,  pieces  of  iron,  &c,  touched 
with  It,  to  point  nearly  north  and  fouth,  is  of  a much 
later  date  ; though  the  difeoverer  himfelf,  and  the  exadt 
time  of  the  difeovery,  be  not  now^  known.  The  firll 
mention  of  it  is  about  1260,  wnen  it  has  been  faid  that 
Marco  Polo,  a Venetian,  introduced  the  mariner’s  com- 
nafs  ; though  not  as  an  invention  of  his  own,  but  as 
derived  from  the  Chinefe,  who  it  feems  had  the  ufe  of 
it  long  before  ; though  fome  imagine  that  the  Chinefe 

rather  borrowed  it  from  the  Europeans. 

But  Flavio  de  Gira,  a Neapolitan,  who  lived  in  the 
T^th  century,  is  the  perfon  ufually  fuppofed  to  have 
the  beft  title  to  the  difeovery  ; and  yet  Sir  G.  Wheeler 


mentions,  tliat  he  had  feen  a book  of  aflronomy  much, 
older,-  which  fuppofed  the  ufe  of  the  needle  ; thoiigk 
not  as  applied  to  the  purpofes  of  navigation,  but  of 
aftronomv.  And  m Guiot  de  Provins,  an  old  French 
poet,  wlio  wrote  about  the  year  1 1 80, > there  is  an  ex- 
prefs  mention  made  of  the  loadftone  and  tiie  compafs  ; 
and  their  ufe  in  navig-ation  obliquely  hinted  at. 

The  Parmtion  of  the  Magnet,  or  needle,  or  its  devN 
ation  from  the  pole,  was  firft'  difeovered  by  Sebaftian 
Cabot,  a Venetian,  in  lyco  ; and  the  variation  of  that 
variation,  or  change,  in  its  diredlion,  hj  Mr.  Henry 
Gellibrand,  profeffor  of  aftronomy  in  Greiliam  college^ 
about  tlic  year  1625. 

I..aftlv,  the  Dip  or  inclination  of  the  needle,  when 
at  libert  y to  play  'vertically,  to  a point  beneath  the 
horizon,  was  firft- difeovered  by  another  of  our  country- 
men, Mr.  Robeft  Norman,  about  the  year  1576^ 

I ' The  Phenomena  of  the  Magnet,  are  as  follow^-  i,  In 
every  Magnet  there  are  two  poles,  of  which  the  one 
points  northwards,  the  other  fouthwards ; and  if  the 
Magnet  be  divided  into  ever  fo  many  pieces,  the  two 
poles  will  be  found  in  each  piece.  The  poles  of  a 
Magnet  may  be  found  by  holding  a very  fine  fiiort 
needle  over  it ; for  where  the  poles  are,  the  needle  will 
ftand  upright,  but  no  where  elfe. — 2,  Thefe  poles,  in 
different  parts  of  the  globe,  are  differently  inclined  to- 
wards a poiiit  under  the  horizon. — 3,  Thefe  poleSy 
though  contrary  to  each  other,  do  help  mutually  to- 
Vv'ards  the  Magnet’s  attraction,  and  fufpenfion  of  iron.. 

g,  If  two  Magnets  be  fpherical,  one  will  turn  or 

conform  itfelf  to  the  other,  fo  as  either  of  them  would 
do  to  the  earth  ; and  after  they  have  fo  conformed  or 
turned  themfelves,  they  endeavour  to  approach  or  join 
each  other;  but  if  placed  in  a contrary  pofition, 
each  other.- 


they  avoid 
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If  a Magnet  be  cut 


through  the  axis,  the  fegrnents  or  parts  of  the  ftone, 
which  before  were  joined,  will  now  avoid  and  fly  each 
other. — 6,  If  the  Magnet  be  cut  perpendicular  to  its 
axis,  the  two  points,  which  before  were  conjoined^ 
will  become  contrary  poles ; one  in  the  one,  and 
one  in  the  other  fegment. — 7,  Iron  receives  virtue  from- 
the  Magnet  by  application  to  it,  or  barely  from  atp ap- 
proach near  it,  though  it  do  not  touch  it ; and  the  iron 
receives  tins  virtue  vanoufly,  according  to  tne  parts  of 
the  Aone  it  is  made  to  touch,  or  even  approach  to. — 
8,  If  an  oblong  piece  of  iron  be  anyhow^  applied  to  the 
ftone,  it  receives  virtue  from  it  only  lengthways. — 9^ 
The  Magnet  lofes  none  of  its  own  virtue  by  communi- 
' eating  any  to  the  iron  ; and  this  virtue  it  can  commu- 
nicate to  the  iron  very  fpeedily  ; though  the  longer  the 
iron  joins  or  touches  the  ftone,  the  longer  w'ill  its  com- 
municated virtue  hold  ; and  a better  Magnet  wall  com- 
municate more  of  it,  and  fooner,  than  one  not  fo  good. 

10,  Steel  receives  virtue  from  the  Magnet  better 

than  iron.— II,  A needle  touched ‘‘oy  a Magnet  will 
turn  its  ends  the  fame  way  towards  the  poles  of  the 
world,  as  the  Magnet  itfelf  does. — 12,  Neither  load-' 
ftone  nor  needles  touched  by  it  do  conform  their  poles 
exaftly  to  thofe  of  the  world,  but  have  ufually  fome 
variation  from  them  : and  this  variation  is  different  in 
divers  places,  and  a’  divers  times  in  the  fame  places. — ■ 
I 3,  A loadftone  wall  take  up  much  more  iron  wEen 
armed,  or  capped,  than  it  can  alone.  (A  loadftone  is 
faid  to  be  armed,  when  its  poles  are  furrounded  with 

plates 
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plates  of  i^eel:  and  to  determine  the  quantity  of  fteel 
to  be  applied,  try  the  Magnet  with  feveral  fteel  bars  ; 
asid  the  greateft  weight  it  talees  up,  with  a bar  on,  is 
to  be  the  weight  of  its  armour.)  And  ihougdi  an  iron 
ring  or  key  be  fufpended  by  the  loadftone,  yet  this 
does  not  hinder  the  ring  or  key  from  turning  round 
any  way,  either  to  the  right  or  left. — 14,  Tlie 
force  of  a loadftone  may  be  varioudy  increafed  or  lef- 
fened  by  varioudy  applying  to  it,  either  iron,  or  anoth 


ioadftone. — 15,  A llrong  Magnet  at  the  leak  didance 
from  a finaller  or  a weaker,  cannot  draw  to  it  a piece 
iron  adherino;  actually  to  fuch  fitiallcr  or  weaker 


of 


flone  ; biit  if  it  come  to  touch  it,  it  can  draw  it  from 
the  other  : but  a w'eaker  Magnet,  or  even  a fmall  piece 
of  iron,  can  draw  away  or  feparate  a piece  of  iron  con- 
tiguous to  a larger  or  dronger  Magnet. — 16,  In  thefe 
northern  parts  of  the  world,  the  fouth  pole  of  a Mag- 
net will  raife  up  more  iron  than  its  north  pole. — 17, 
A plate  of  iron  only,  but  no  other  body  interpofed, 
can  impede  the  operation  of  tlie  loaddone,  eitlier  as  to 
its  attractive  or  dlreCtlve  quality. — 18,  The  power  or 
virtue  of  a loadkone  may  be  impaired  by  lying  long  in 
a wrong  pofition,  as  alfo  by  rud,  wet,  &c  ; and  may 
be  quite  dedroyed  by  ure,  lightning,  &C. — 19,  A piece 
of  iron  wire  well  touched,  upon  being  bent  round  in  a 
ring,  or  colled  round  on  a kick,  &c,  will  always  have 
its  diredtive  virtue  dim.inidied,  and  often  quite  dcilroyed. 
And  yet  if  the  whole  length  of  the  wire  were  not  en- 
tirely bent,  fo  that  the  ends  of  it,  tliough  but  for  the 
length  of  one-tenth  of  an  incli,  were  left  kraight,  the 
virtue  will  not  be  dekroyed  in  thofe  parts  ; though  it 
will  in  all  the  reft. — 20,  Tlie  fphere  of  adtlvity  of 
Mag-nets  is  g-reater  and  lefs  at  different  times.  Alfo, 
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the  variation  of  the  needle  from  the  meridian,  is  various 
at  different  times  of  tlie  day. — 21,  By  twilling  a piece 
of  ware  touched  with  a Magnet,  its  virtue  is  greatly  di- 
minilhed  ; and  fometimes  fo  di-rorde-red  and  confufed, 
that  in  fome  parts  it  will  attracl,  and  in  others  repel ; 
an.d  even,  in  fome  places,  one  fide  of  the  wire  feems  to 
be  attracted,  and  the  other  fide  repelled,  by  one  and  the 
fame  pole  of  the  kone. — 22,  A piece  bf  wire  that  has 
been  touched,  on  being  fplit,  or  cleft  in  two,  the  poles 
are  fometimes  changed,  as  in  a cleft  Magnet ; the  north 
pole  becoming  the  foiith,  and  the  fouth  the  north  ; 
and  yet  fometimes  one  half  of  the  wire  will  retain  its 
former  poles,  and  the  other  half  will  have  them  clianged. 
— 23,  A wire  being  touched  from  end  to  end  with 
one  pole  of  a Magnet,  the  end  at  which  you  begin  will 
ahvays  turn  contrary  to  the  pole  th'it  touched  it  : and 
if  it  be  agfain  touched  the  fame  wav  with  the  other 
pole  of  the  Magnet,  it  will  then  be  turned  the  contrary 
way., — 24,  If  a piece  of  wire  be  touched  in  the  middle 
with  only  one  pole  of  the  Magnet,  -without  moving 
it  backwards  or  forwards  ; in  that  place  -wnll  be  the 
pole  of  the  wire,  tind  the  two  ends  will  be  the  other 
pole. — 25,  If  a Magnet  be  heated  red  hot,  and  again 
cooled  either  with  its  fouth  pole  to-wards  the  north  in 
a horizontal  pofition,  or  with  its  fouth  pole  downwards 
in  a perpendicular  pofition,  its  poles  will  be  cliangcd. 
— 26,  Mr.  Boyle  (to  whom  we  are  indebted  for  the 
following  magnetical  phenomena)  found  lie  could  pre- 
fently  change  the  poles  of  a fmall  fragment  of  a load- 
kone,  by  applying  them  to  the  oppofite  vigorous  poles 
of  a large  one. — 27,  Hard  iron  tools  vrell  tempered, 


when  heated  by  a brilk  attrition,  as  filing,  turning,  fire,, 
will  attraci  thin  filings  or  chips  of  iron,  keel,  &c  ; 
and  hence  we  obferve  that  files,  punches,  augres,  &c, 
have  a fmall  degree  of  magnetic  virtue. — 28,  The  iron 
b'di's  of  windov/s,  &c,  which  have  kood  a long  time  in 
an  ereCt  pofition,  grow  permanently  magnetical;  the 
lower  ends  of  fuch  bars  being  the  north  pole,  and  the 
upper  end  the  fouth  pole. — 29,  A bar  of  iron  that  has 
not  kood  long  in  an  creek  pokure,  if  it  be  only  held 
perpendicularly,  will  become  magnetical,  and  its  lower 
end  the  north  pole,  as  appears  from  its  attradling  the 
fouth  pole  of  a needle  ; but  then  this  virtue  is  tran- 
fient,  and  by  inverting  the  bar,  the  poles  change  their' 
places.  In  order  therefore  to  rendei-  the  quality  per- 
manent in  an  iron  bar,  it  miik  continue  a lorio-  time  in 
a proper  pofition.  But  fire  will  produce  the  effedl  in 
a (hort  time  : for  as  it  will  immediately  deprive  a load- 
ftone of  its  attractive  virtue  ; fo  it  foon  gives  a verticity 
to  a bar  of  iron,  if,  being  heated  red  hot,  it  be  cooled’ 
in  an  eredt  pofture,  or  directly  north  and  fouth.  Even 
tongs  and  fireforks,  by  being  often  heated,  and  fet  tO‘ 
cool  again  in  a pokure  nearly  eredf,  have  gained  this 
magaietic  property.  Sometimes  iron  bars,  by  long' 
kanding  in  a perpendicular  pofition,  have  acquired  the 
magnetic  viitue  in  a furpriling  degree.  A bar  about 
10  feet  long,  and  three  inches  thick,  fupporting  the 
fuminer  beam  of  a room;  was  able  to  turn  the  needle 
at  8 or  10  feet  dikance,  and  exceeded  a iGadkone  of 
3 j pounds  weight  ; from  the.  middle  point  upwards  it 
was  a north  pole,  and -downwards  a fouth  pole.  And 
Mr.  Martin  m.entions  a bar,  which  had  been  the  beam 
of  a large  keel-yard  that  had  feveral  poles  in  it.. — 30, 
Mr.  Boyle  found,  that  heating  a piece  of  Englifh 
oker  red-hot,  and  placing  it  to  cool  in  a proper  pokure, 
it  manifefily  acquired  a magnetic  virtue.  Amd  an  ex- 
cellent Magnet,  belonging  to  the  fame  ingenious  gen- 
tleman, having  lain  near  a year  in  an  inconvenient  pof- 
ture,  had  its  virtue  greatly  impaired,  as  if  it  had  been 
by  fire. — 31,  A needle  well  touched,  it  is  known,  will 
point  nor  til  and  fouth  : if  it  have  one  contrary  touch 
of  the  fame  kone,  it  will  be  deprived  of  its  faculty  ; 
and  by  another  fuch  touch,  it  will  have  its  poles  inter- 
changed.— 32,  If  an  iron  bar  have  gained  a verticity 
bv  being:  heated  red-hot  and  cooled  agfain,  north  and 
fouth,  and  then  hammered  at  the  two  ends ; its  virtue 
will  be  dekroyed  by  two  or  three  fmart  blows  on  the 
middle. — 33,  By  drawing  the  back  of  a knife,  or  a 
long  piece  of  keel-wire,  &c,  leifurely  over  tlie  pole  of  a 
loadkone,  carrying  the  motion  from  the  middle  of  the 
kone  to  the  pole  ; the  knlte  or  wirev  will  attradl  one 
end  of  a needle  ; but  if  the  knife  or  wire  be  paffod  from 
the  laid  pole  to  the  middle  of  the  kone,  it  will  repel 
the  fame  end  of  the  needle.. — 34,  Either  a Magnet  or 
a piece  of  iron  being  laid  on  a piece  of  cork,  fo  as  to 
float  freely  on  water  ; it  will  be  found,  that,  wliicli- 
foever  of  the  two  is  held  in  the  hand,  the  other  will  be 
drawn  to  it : fo  that  iron  attradls  the  Magnet  as  much 
as  it  is  attracted  by  it  ; ackion  and  re-a6lion  being  al- 
ways equal.  In  this  experiment,  if  the  Magnet  be  fet 
afloat,  it  will  diredl  its  two  poles  to  the  poles  of  the 
world  nearly. — 35,  A knife  &g  touched  with  a Mag- 
net, acquires  a greater  or  lefs  degree  of  virtue,  accord- 
ing to  the  part  it  is  touched  on.  It  receives  the 
krongek  virtue,  when  it  is  drawn  leifurely  from  the 
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handle  towards  the  point  over  one  of  the  poles.  And 
if  the  fame  knife  thus  touched,  and  thus  polTeifed  of  a 
llrong  attra6live  power,  he  retouched  in  a contrary  di- 
redtion,  viz,  by  drawing  it  from  the  point  towards  the 
handle  over  the  fame  pole,  it  immediately  lofes  all  its 
virtue. — 36,  A Magnet  adts  with  equal  force  in  vacuo  as 
in  the  open  air. — 37,  The  fmalleil  Magnets  have  ulually 
the  greateh  poAver  in  proportion  to  their  bulk,  A large 
Magnet  will  feldom  take  up  above  3 or  4 times  its  own 
weight,  while  a fmall  „one  will  often  take  up  more 
than  ten  times  its  weight.  A Magnet  worn  by  Sir 
Ifaac  Newton  in  a ring,  arrd  which  weighed  only  3 
grains,  would  take  up  746  grains,  or  alrnoil  250  times 
its  own  weioht.  A macynetic  bar  made  bv  Mr.  Can- 
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ton,  weighing  10  oz.  12  dwts,  took  up  more  tliaii 
79  ounces  5 and  a fiatfemicircular  fteel  Magnet,  weigh- 
ing I oz.  13  dwts,  took  up  an  iron  v/edge  of  90 
ounces. 

Armed  Magnet,  denotes  one  that  is  capped,  cafed, 
or  fet  in  iron  or  fleebto.make  it  take  up  agi  eater  weight, 
and  alio  more  readily  to  diifinguilli  its  poles.  For  the 
methods  of  doing  this,  fee  Mr.  MichelPs  book  on  this 
iubjedfj 
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Artificial  Magnet,  is  a bar  of  iron  or 


preg'nated  with  the  m.asrnetic  virtue, 


fteel,  im- 
to  polfeis  all 

the  properties  of  the  natural  loadftone,  and  be  ufed  in- 
ffead  of  it.  Flow  to  make  Magnets  of  this  kind,  by 
means  of  a natural  Magnet,  and  even  without  the  aftift- 
ance  of  any  Magnet,  was  fuggefted  many  years  hnce 
by  Mr.  Savary,  and  particularly  deferibed  in  the  Phi- 
lof.  Tranf.  number  414.  See  alfo  Abridgment,  voL  6, 
pa.  260.  But  as  his  method  Avas  tedious  and  ope- 
rofe,  though  capable  of  communicating  a very  confi- 
derable  virtue,  it  aat.s  little  '^radfifed.  I_)r.  GoAvin 
Knight  ftrft  brought  this  kind  of  Magnets  to  their  pre- 
fent  ftate  ox  perfedfion,  fo  as  to  be  even  of  much 
g-reater  efficacy  than  the  natural  ones.  But  as  he  refufecl 

t)  ^ 

to  difeoA^er  his  methods  upon  any  terars  Avhatever  (even, 
as  he  faid,  though  he  fliould  receive  in  I'eturn  as  man^- 
guineas  as  he  could  carry),  thefe  cunoiis  and  valuable 
fecrets  in  a great  meafure  died  with  Iiirn.  The  refult 
of  his  method  however  was  ftrft  publiflred  in  the  Phi- 
lof.  Ti-anf.  for  1744,  art.  8,  and  for  1745,  art.  3. 
See  alfo  the  vol.  for  1747,  art.  2.  And  in  the  69th 
vol.  Mr.  Benjamin  Wilton  has  given  a procefs,  which 
at  leaft  difeovers  one  of  the  leading  principles  of  Kr. 
Knight’s  art.  The  metliod,  according  to  Mr.  Wil- 
fon,  was  as  folloAVS.  Having  proAuded  a great  quantity 
of  clean  iron  flings,  he  put  tlieni  into  a large  tub  that 
was  more  than  one-third  filled  Avith  clean  water ; he 
then,  with  gi'cat  labour,  ffiook  the  tub  to  and  fro  for 
many  hours  together,  that  the  fridfion  between  the 
grains  of  iron,  by  this  treatment,  might  break  or  rub 
off  fuch  fmall  parts  as  would  remain  fnfpended  in  the 
water  for  fgrne  time.  The  Avatcr  being  thus  rendered 
very  muddy,  he  poured  it  into  a clean  iron  veffel,  leav- 
ing the  filings  behind  ; and  when  the  water  had  Hood 
long  enough  to  become  clear,  he  poured  it  out  careful- 
ly, without  difturbing  fuch  of  the  fediment  as  ftill  rc- 
maiiied,  which  now  appeared  reduced  aim  oft  to  impal- 
pable poAvder.  ddiis  powder  AAT.s  afterwards  removed 
into  another  veffel,  to  dry  it.  Having,  by  leveral  re- 
petitions of  this  procefs,  procured  a fufficient  quantity 
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/Inch  the  force  oft  tiioie  very  poAA’erfuI  bars 
fafUcient  to  counteradh  Philoh  Tranf. 


of  thisATry-  fine  powder,  the  next  thing  tvas  to  make 
pafte  of  it,,  and  that  with  feme  vehicle  containing  a 
good  quantity  of  the  phlogillic  principle  ; for  this  pur- 
pofe,  he  had  recourie  to  linfeed  oil,  in  preference  to  all 
other  fluids.  With  thefe  two  ingredients  only,  he 
made  a ftiiT  pafte,  and  took  great  care  to  knead  it  well 
before  he  moulded  it  into  convenient  ihapes.  Some- 
times, Avhile  the  pafte  continued  in  its,  foft  fate,  he 
Avould  put  the  impreffion  of  a feal  ; one  of  Avbich  is  iii 
the  Britifh  hlufeum.  This  paft.e  fo  moulded  was  then 
let  upon  AA'ood,  or  a tile,  to  dry  or  bake  it  before  a 
moderate  lire,  being  placed  at  about  one  foot  cliftancc. 
Fie  found  that  a moderate  fire  AvctS  molt  proper,  be- 
caufe  a greater  degree  of  would  make  the  compoh- 
tion  crack  in  many  places.  The  time  requifttc  for  the 
baking  or  drying  of  this  pafte,  Avas  ufiially  about  5 or 
6 hours,  before  it  attained  a fufficient  degree  of  hard- 
neis.  When  that  was  done,  and  the  feveral  Naked 
pieces  were  become  cold,  he  gave  them  their  magneiiG 
virtue  in  any  direclion  he  pleafed,  by,  placing  them 
b.etween  the.  extreme  ends  of  his  large  magazine  of  ar- 
tihcial  magnets,  for  a few  feconds.  The  virtue  they 
acquired  by  tins  method  was  fuch,  that,  when  any  of 
tlioie  pieces  VvTre  held  between  two  of  Ids  belt  ten  gui- 
nea bars,  Avith  its  poles  putpofely  inverted,  it  imme- 
diately of  itfeli  turned  aboat  to  recover  its  natural  di- 
rection, w 
was  not 
Vol.  65,  for  17  79. 

Methods  for  artificial  Magnets  Avere  alfo  difeoA^ered 
rmd  publiffied  by  the  Rev.  Mr.  John  hlicliell,  in  a 
Treatiie  on  Artiftcial  Magnets,  printed  in  1750,  and  by 
Mr.  John  Canton,  in  the  Ihilof.  Tranf.  for  175.1.  The 
procefs  for  the  fame  ptirpofe  was  alfo  found  out  by 
other  perfons,  particularly  by  Du  Hamel,  Hift.  Acad. 
Roy.  1745  HfOj  0‘id  by  Marul  Uitgeleeze  Na- 
tiuirkund.  Verhund.  tom.  2,  p.  261. 

Mr.  Canton’s  method  is  as  folloAvs  ; Procure  a dozen 
of  bars  ; 6 of  foft  fteel,  and  6 of  hard  ; the  former  to 
be  each  3 inches  long,  a quarter  of  an  inch  broad,  and 
i-2  0l]i  or  an  inchMiick;  with  two  pieces  of  iron,  each 
half  tlie  length  of  one  of  the  bars,  but  of  the  fame 
breadth  and  thick nefs  j and  the  6 hard  bars  to  be  each 
5‘  inches  long,  half  an  inch  broad,  and  3-2oths  of  an 
inch  thick,  Avitli  two  pieces  of  iron  of  half  the  leiip'tb, 
but  the  whole  breadth  and  thicknefs  of  one  of  the  hard 
bars  ; and  let  all  the  bars  be  ma.nved  Avitli  a line  quite 
around  them  at  one  end.  Then  take  an  iron  poker  and 
tongs  (ftg.  1,  plate  16),  or  twm  bars  of  iron,  the 
larger  they  are,  aad  the  longer  they  have  been  ufed,  the 
better  ; and  fixing  the  poker  upright  bet’ween  the 
knees,  hold  to  it,  near  the  top,  one  of  the  foft  bars, 
having  its  marked  end  downwmrds  by  a piece  of  fewing 
filk,  which  rniift  be  pulled  tight  by  the  left  hand,  that 
tlie  bar  may  not  Hide  : then  grafping  the  tongs  with  the 
right  hand,  a little  beloAv  the  middle,  and  holding  them 
nearly  in  a vertical  pofttion,  let  the  bar  be  ftroked  by 
tlie  lov/er  end,  from  tlie  bottom  to  the  top,  about  ten 
times  on  eacli  lide,-  wmcii  aa'iIi  give  it  a magnetic  poAV'cr 
fmhcient  to  lilt  a fmall  key  at  the  marked  end : which 
end,  if  the  bar  AAX're  fufpended  on  a point,  would  turn 
towards  the  north,  and  is  therefore  called  the  north 
pole  j and  the  unmarked  end  is,  for  tlie  fame  reafon, 
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. called  the  fouth  pole.  Four  of  the  foft  bars  being  im- 
pregnated alter  tin's  manner,  lay  the  two  (fjo*.  2 ) pa- 
rallel to  each  other,  at  a quarter  of  an  inch  didance, 
between  the  two  pieces  of  iron  belonging  to  them,  a 
north  and  a fouth  pole  againft  each  piece  of  iron  : then 
take  two  of  the  four  bars  already  made  magneticad,  and 
place  them  together  fo  as  to  make  a do^ible  bar  in 
thicknefs,  the  north  pole  of  one  even  with  the  fouth 
pole  of  the  other  ; and  the  remaining  two  being  put  to 
thefe,  one  on  each  fide,  lo  as  to  have  two  nortli  and  two 
'fouth  poles  together,  feparate  the  north  from  the  fouth 
poles  at  one  end  by  a large  pin,  and  place  them  perpen- 
dicularly with  that  end  downward  on  the  middle  of  one 
of  the  parallel  bars,  the  two  north  poles  towards  its 
fouth  end,  and  the  two  fouth  poles  towards  its  north 
end  ; Hide  them  three  or  four  limes  backward  and  for- 
ward the  whole  length  of  the  bar  ; then  removing  them 
from  the  middle  of  this  bar,  place  them  on  the  middle 
of  the  other  bar  as  before  diretfed,  and  go  over  that  in 
the  fame  manner  ; then  turn  both  the  bars  the  other 
fide  upwards,  and  repeat  the  former  operation  : this 
being  done,  take  the  two  fi’om  between  the  pieces  of 
iron  and,  placing  the  two  outermolf  of  the  touchimr 
bars  in  their  ifead,  let  the  other  two  be  the  outcrmolt 
of  the  four  to  touch  thefe  with;  and  this  procefs  being 
repeated  till  each  pair  of  bars  have  been  touched  three 
or  four  times  over,  v/hich  will  give  them  a confiderable 
magnetic  power.  Put  the  half-dozen  together  after  the 
manner  of  the  four  (Mg.  3),  and  touch  them  with  two 
pair  of  the  hard  bars  placed  betvAxen  their  irons,  at  the 
diftance  of  about  half  an  inch  from  each  other;  then 
lay  the  loft  bars  a.Mde,  and  with  the  four  hard  ones  let 
the  other  two  be  impregnated  (Mg.  4),  holding  the 
touching  bars  apart  at  the  lower  end  near  two-tentlis  of 
an  inch ; to  which  dilfance  let  them  be  feparated  after 
they  are  jet  on  the  parallel  bar,  and  brought  together 
again  before  they  are  taken  oft  ; this  being  obferved, 
proceed  according  to  the  method  deferibed  above,  till 
each  pair  have  been  touched  two  or  three  times  over. 
But  as  this  vertical  way  of  touching  a bar,  will  not 
give  It  quite  fo^  much  of  the  magnetic  virtue  as  it  will 
iCceive,  kt  ea^Q  pair  be  now  touched  once  or  twice 
over  in  their  parallel  pohtion  between  the  irons  (lig.  5), 
with  iwo  ot  the  bars  held  horizontally,  or  nearly  fo,  by  ■ 
drawing  ar  tne  fame  time  the  nortn  end  of  one  from  the 
middle  over  the  fouth  end,  and  the  fouth  of  the  other 
from  the  middle  over  the  north  end  of  a parallel  bar  ; 
then  bringing  them  to  the  middle  again,  without  touch- 
ing the  parallel  bar,  give  three  or  tour  of  thefe  hori- 
zontal ftrekes  to  each  Mde.  T'he  horizontal  touch, 
after  the  vertical,  will  make  the  bars  as  ftrong  as  they 
poflihly  caii  be  made,  as  appears  by  their  not  receiviiivi'’ 
any  additional  ifrenglli,  when  the  vertical  touch  is  fovea 
by  a great  number  of  bars,  and  the  horizontal  by  thofe 
of  a fuperior  magnetic  power. 

This  whole  procefs  may  be  gone  through  in  about 
half  an  hour;  and  each  of  the  large  bars,  if  well  hard- 
ened, may  be  made  to  lift  28  Troy  ounces,  and  fomc- 
times  more.  And  when  thefe  bars  are  thus  impreg- 
nated, they  will  give  to  a hard  bar  of  the  fame  frze  its 
full  virtue  in  lefs  than  two  minutes  ; and  therefore  will 
anfwer  all  the  purpofes  ofMagnctifm  in  navigation  and 
experimental  philofophy,  much  better  than  the  load- 
fbone,  whicD  has  not  a pow'^er  fuflicicnt  to  impregnate 
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hard  bars.  The  half  dozen  being  pat  into  a cafe  (tier,  6), 
in  fuch  a manner  as  that  no  two  poles  of  the  fome  name 
may  be  together,  and  their  irons  witli  them  as  one  bar, 
they  wull  retain  the.  virtues  they  have  received;  but  if 
their  poweiMkouli,  by  making  'experiments,  be  ever  fo 
far  impaired,  it  maybe  reitored  wdthoat  any  foreirrn  af- 
iiilance  in  a few  minutes.  And  if,  perchance,  a much 
larger  fet  of  bars  fnould  be  required,  thefe  will  com- 
municate to  triein  a fiirdeient  power  to  proceed  with  ; 
and  they  may,  m a ihort  time,  by  the  fame  method, 
be  Brought  to  their  full  llrength. 

MA ONIl  the  quality  or  conllitution  of  a- 

body,  by  which  it  is  rendered  magnetical,  or  a magnet, , 
fenhbly  attraifing  iron,  and  giving  it  a meridional  di- 
reftion. 

This  is  a tranficnt  power,  capable  of  bein-r  pro«- 
diiced,  deilroyed,  orreifoicd.  ^ 

A a zvs  of  Magnetism. 

Thefe  laws  aie  laid  down  by  Air.  Whillon  in  the  fol-  ■ 

lowing  propoiitions 1,  The  Loaditone  has  both  an 

attractive  and  a directive  power  united  together,  while 
iron  touched  by  it  has  only  the  former;  i,  e.  the  mao-- 
only  attrafos  needles,  or  Heel  Mlings,  but  alio  ^ 
direct^s  them  to  certain  dilferent  angles,  with  reipecd  to^- 
its  own  furface  and  axis  ; whereas  iron,  touched  with  it, 
does  little  or  nothing  more  than  attracl  them  ; Hill  fuf- 
fermg  them  to  he  along  or  Hand  perpendicular  to  its 
furrace  and  edges  in  all  places,  without  any  fuch  fpe> 
cial  dir  eel  ion. 

2.  ISeidicr  tne  HrongeH  nor  the  largeH  magnets  < 
give^a  better  directi'-x'  touch  to  needles,  than  thofe  of  a 
kis  iize  or  virtue  : to  which  may  be  added,  that  whereas  ■ 
there  are  two  qualiu’es  in  all  magnets,  an  attraclive  and 

a diitclive  one  ; neither  of  tnem  depend  on,  or  are  any 
argument  of  the  Hrength  of  the  other. 

3.  1 he  attratlive  poiver  of  magnets,  and  of  iron,  i 

will  greatly  increafe  or  dimi:ii/h  the  weight  of  needles  on 
tne  balance , nay,  it  will  overcome  ikat  weight,  and 
even  fuHain  fome  other  additional  alio:  while  the  di- 
reaive  power  has  a much  fmaller  eiTea.  GaiTendus  in- 
deed,  as  well  as  Alerfeiiiuis  and  Gilbert,  aOert  that  it  - 
lias  lionc  at  all ; but  by  iniHakc  ; for  WhiHon  found, 
from  repeated  tiiais  on  large  needles,  that  after  the 
touch  they  weighed  lefs  than  before.  OneofqySqfo 
grams,  loll  2\  grains  by  tne  touch;  and  anotlier  of 
^57^^  weight,  no  lefs  than  14  grains. 

/g  It  IS  probable  tnat  iron  conliHs  alnioH  wholly  of 
the  attradive  particles  ; and  the  magnet,  of  the  attrac- 
tive and  diredive  together;  mixed,  probably,  with 
other  heterogeneous  matter  ; as  having  never  been 
plugged  by  the  fire,  which  iron  has;  and  hence  may 
arile  the  reafon  why  iron,  after  it  has  been  touc.hed, 
will  lift  up  a rnuch  greater  weight  than  the  loadHonc 
that  touched  it. 

5.  The  quantity  and  diredion  of  magnetic  powers, 
conamunicated  to  needles,  are  not  propedy,  after  fuch 
communication,  owing  tojihe  magnet  which  gave. the 
toucli  ; but  to  the  goodnefs  of  the  Heel  that  receives  it 
and  to  the  Hrength  and  pofition  of  the  terreHrial  load^- 
Hone,  whofe  iiifiuence  alone  thofe  needles  are  afterwards 
fubjecH  to,  and  directed  by  : fo  that  all  fuch  needles, 
if  good,  move  with  the  fame  Hrength,  and  point  to  the 
fame  angle,  whatever  loaditone  they  may  have  been  ex- 
cited by,  provided  it  be  but  a good  one.  Nor  does  it 
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feem  that  tlie  touch  does  much  more  ift  magneticcil 
cafes,  thay  attrition  does  in  ekdfrical  ones ; i.  e.  ferv- 
ing  to  rub  off  fome  obffrufting  particles,  that  ad- 
here to  the  iurface  of  the  fteel,  and  opening  the 
pores  of  the  body  touched,  and  fo  make  way  for 
the  entrance  and  exit  of  fuch  effluvia  as  occafion  or 
affift  the  powers  we  are  fpeaking  of.  Hence  Mr.  Whil- 
ton  takes  occafion  to  obferve,  that  the  directive  power 
of  the  loadftone  feems  to  be  mechanical,  a'nd  to  be 
derived  from  magnetic  effluvia,  circulating  continually 
round  it. 

6.  The  abfolute  attractive  power  of  different 
armed  loadftones,  is,  c-^tcris  par'ihm,  not  according 
to  either  the  diameters  or  folidities  of  the  load- 
ffones,  but  according  to  the  quantity  oi  their  fi.r^ 
faces,  or  in  the  duplicate  proportion  of  their  diame- 
ters. 

7.  The  power  of  good  magnets  unarmed,  fenhbly 
equal  in  ftrength,  fimilar  in  figure  and  pofition,  but 
unequal  in  magnitude,  is  fometimes  a little  greater, 
fometimes  a little  kfs,  than  in  the  proportion  ol  their 
fimilar  diameters. 

8.  The  loadllone  attracts.  Ucedks  that  have,,  been 
touched,  and  others  that  have  not  been  touched,  with 
equal  force  at  diftances  unequal,  viz,  when  the  diftance 
of  the  former  is  lo  the  diffance  of  _^the  latter,  as 
3 to  2. 

9.  Both  pole's  of  a magnet  equally  attract  needles, 
till  they  are  touched;  then  it  is,  and  then  only,  that 
one  pole  begins  to  attract  one  end, ^ and  repel  the  other: 
though  the  repelling  pole  will  ffiil  attraCt  upon  coiitaci, 
and  even  at  very  fmall  diftances. 

10.  The  attractive  power  of  loadftones,  in  their  fi- _ 
milar  pofition  to,  but  different  diftanpes  from,  magne- 
tic needles,  is  in  the  fefquiduplicate  proportion  of  the 
diftances  of  their  flirfaces  from  their  needles  recipro- 
cally ; or  as  the  mean  proportionals  between  the  fqiiares 
and  the  cubes  of  tbofe' diftances  reciprocally;  or  as  the 
fquare  roots  of  the  5th  powers  of  thofe  diftances  reci- 
procally. Thus,  the  magnetic  force  of  attraaion,  at 
twice  the  diftance  from  the  furface  of  the  loaditone,  is 
between  a 5l:h  and  6th  part  of  the  force  at  the  firff  dif-  . 
tance  ; at  thrice  the  diftance,  the.  force  is  between  tlie 
15th  and  1 6th  part;  at  four  times  the  diftance,  the  ' 
power  is  the  3 2d  part  of  the  firft  ; and  at  fix  times  the 
diftance,  it  is^he  88th  part.  Wliere  it  is  to  be  noted, 
that  the  diftances  are  not  counted  from  the  Centre,  as 
in  the  laws  of  gravity,  but  from  the  furlace  : all  expe- 
rience affuring  us,  that  the  magnetic  power  refides 
chiefly,  if  not  wholly,  in  the  fiirfaces  of  the  load- 
ffone  and  iron  without  any  particular  reiatiou  to 
any  centre  at  all.  The  proportion  here  laid  down 
Was  determined  by  Mr.  Whillon,  from  a great  num- 
ber of  experiments  by  Mr.  Hawklbee,  l)r.  Brook 
Taylor,  and  himfelf ; ineafuring  the  force  by  tlie  chords 
of  thofe  arcs  by  which  the  magnet  at  feveral  diftances 
draws  the  needle  out  of  its  I'iatural  dircdhion,  to  which 
chords,  as  he  demonftrates,  it  is  always  proportional. 
The’uumbers  in.  fo'me  of  their  moff  accurate  trials,  he 
gives  in  the  following  Table,  fetting  down  the  half 
cliords,  or  the  lines  of  half  tliofe  arcs  of  declination, 
as  the  true  meafures  'of  tlie  force  of  magnetic  at- 
traflioH. 


Dijlanct^ 
in  inches-^ 

Degrees  of 
incYinationo 

Shies  of 
\ arcs. 

Sefqiiidilhti^ 
cate  ratio-. 

■10 

2 

175 

466 

Ml- 

4 

349 

216 

Ml 

6 

5^3 

170 

12\ 

8 

697 

13S 

iii- 

IQ 

871 

105 

lol 

12 

1043 

87 

9i 

H 

1219 

■70 

Other  perfons  however  have  found  feme  variation 

tance  : Thus,  Newton  fuppofes  it  to  decreaie  nearly  irt 
the  triplicate  ratio  of  the  diftance  ; Mr.  Martin  ob- 
ferves,  that  the  power  of  his  loadftone  decreafes  in  tlif 
fefquiduplicate  ratio  of  the  diftances  invCrfely  : but  Dr* 
Hclfliam  and  Mr.  Michell  found  it  to  be  as  the  fquare  ot 
the  diftance  inverlely  : while  others,  as  Dr.  Brook 
Taylor  and  M.  Millchenbroek,  are  of  opinion,  that 
this  power  follows  no  certain  ratio  at  all,  and  that  the 
variation  is  different  in  different  ftoaesi 

11.  An  iiicliiiatory,  or  dipping-needle,  of  6 inches 

radius,  and  of  a prifmatic  or  cyliiidric  figure,  when  it 
ofeiliates  along  the  magnetic  meridian,  performs  there 
every  mean  vibration  in  about  6"  or  ^60'",  and  every 
fmall  ofeiilation  in  about  or  -17,0'' : and  the  fame 

kind  of  needle,  4 feet  long,  makes  every  mean  oiciila* 
tion  in  about  24^%  and  every  fmall  one  in  about  22’^. 

12.  The  whole  power  of  Magnetifm  in  this  country, 
as  it  affects  needles  a foot  long,  is  to  that  of  gravity 
nearly  as  i to  300  ; and  as  it  aftefts  needles  4 feet  long, 
as  I to  600. 

13.  The  quantity  of  magnetic  power  accelerating 
the  fame  dipping-needle,  as  it  ofeiliates  in  different  ver-' 
tical  planes,  is  always  as  the  cofines  of  the  angles  made 
by  thofe  planes  with  the  magnetic  meridian,  taken  on 
the  horizon. 

Thus,  in  eftimating  the  quantity  of  force  in  the 
horizontal  and  in  the  vertical  fituations  of  needles  at 
Tondon,  it  is  found  that  the  latter,  in  needles  of  a foot 
long,  is  to  the  whole  force  along  the  magnetic  meri- 
dian, as  96  to  100  ; and  in  needles  4 feet  long,  as  9667 
to  10000  : whereas,  in  the  loimer,  the  whole  force  in 
needles  of  a foot  long,  is  as  28  to  ico  ; and  in  thofe 
of  4 feet  long,  as  256  to  1000.  Wlxcnce  it  fol- 
lows, that  the  power  by  which  horizontal  needles  are 
governed  in  theie  parts  of  the  world,  is  but  the  quarter 
of  the  power  by  which  the  dipping-needle  is  moved. 

Hence  alfo,  as  the  horizontal  needle  is  moved  only 
by  a part  of  the  power  that  moves  the  dipping-needle; 
and  as  it  only  points  to  a certain  place  in  the  horizon, 
becaufe  that  place  is  the  neareft  to  its  original  tendency 
of  any  that  its  fituation  Vv'ill  allow  it  to  tend  to  ; when- 
ever the  dipping-needle  ftands  exaflly  perpendicular  to 
the  horizon,  the  horizontal  needle  will  not  reipedl  one 
point  of  the  compafs  more  than  another,  but  will  wheel 
about  any  way  uncertainly. 

14.  The  time  of  ofeiilation  tuid  vibration,  both  in 
dipping  and  hoi  izontal  needles,  that  are  equally  good, 
is  as  their  length  direclly  ; and  the  adlual  velocities  of 
their  points  along  tlieir  arcs,  are  always  unequal.  And 
hence,  magUetical  needles  are,  cateris  parlbusy  ftill  bet-, 
ter,  the  longer  they  are  ; and  that  in  the  fame  propor- 
tion with  their  lengths. 

Of 
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the  Caujcs  of  Magn  ETI3M.  Though  many  au- 
tliors  have  propofed  hypothefes,  or  v;ritten  concerning 
the  caufe  of  Magnetifm,  as  Plutarch,  Defcartes,  Boyle, 
Newton,  Gilbert,  Hartfoeker,  Halley,  Whifton,  Knight, 
Beccaria,  &c  ; nothing  however  has  y^et  appeared  that 
can  be  called  a fatisfaftory  folution  of  its  phenomena. 
It  is  certain  indeed,  that  both  natural  and  artificial 
cle6fricity  will  give  polarity  to  needles,  and  even  re- 
verie their  poles  ; but  though  from  this  it  may  appear 
probable  that  the  eleclric  fiuid  is  alfo  the  caufe  of  Mag- 
netilm,  yet  in  what  manner  the  fluid  afts  while  pro- 
ducing the  magnetical  phenomena,  feems  to  be  quite 
unknown. 

Dr.  Kniglit  indeed  deduces  from  feveral  experiments 
the  following  propofitions,  which  he  offers,  not  fo 
much  to  explain  the  nature  of  the  caufe  of  Magnetifm, 
as  the  manner  in  wlnchitacls  : the  magnetic  matter  of 
a loadflione,  he  fays,  moves  in  a llrcam  from  one  pole 
to  the  other  internally,  and  is  tlien  carried  back  in  a 
emwe  line  externally,  till  it  arrive  again  at  the  pole 
where  it  firfl:  entered,  to  be  again  admitted  : the  im- 
mediate caufe  why  two  or  more  magnetical  bodies  at- 
tract each  other,  is  the  flux  of  one  and  the  fame  dream 
of  magnetical  matter  through  them  ; and  the  imme- 
diate caufe  of  magnetic  rcpuifion,  is  the  conflux  and 
accumulation  of  the  magnetic  matter.  Philof.  Tranf. 
vol.  44,  pa.  665. 

Mr.  Michell  rejedts  the  motion  ofafubtle  fluid  ; but 
though  he  propofed  to  publifh  a theory  of  Magne- 
tifm edablilhcd  by  experiments,  no  fuch  theory  has  ap- 
peared. 

Signer  Beccaria,  from  obferving  that  a fudden 
llroke  of  lightning  gives  polarity  to  Magnets,  conjec- 
tures, that  a regular  and  condant  circulation  of  the 
whole  mafs  of  the  elecfric  fluid  from  north  to  foiith 
may  be  the  original  caufe  of  Magnetifm  in  general. 
This  current  he  would  not  fuppofe  to  arlfe  from  one 
fource,  but  from  feveral,  in  the  northern  hemlfphere  of 
the  earth  : the  aberration  of  the  common  centre  of  all 
the  currents  from  the  north  point,  may  be  the  caufe  of 
the  variation  of  the  needle  ; the  period  of  this  decllna- 
t<on  of  the  centre  of  the  currents,  may  be  the  period  of 
the  variation  ; and  the  obliquity  with  which  the  cur- 
rents drike  into  the  earth,  may  be  the  caufe  of  the  dip- 
ping of  the  necalc,  and  alfo  why  bars  of  iron  more  ea- 
fily  receive  the  magnetic  virtue  in  one  particular  direc- 
tion. Dettre  delf  Elettricifmo,  pa.  269  ; or  Piicd- 
ley  s Hid.  Elec.  vol.  i,  pa.  409.  See  alio  Cavallo’s 
Treatife  on  Magnetifm. 

MAGNIFYING,  is  the  making  of  objedfs  appear 
larger  than  they  ufually  and  naturally  appear  to  the 
eye  ; whence  convex  lenfes,  which  have  the  power  of 
doing  this,  are  called  Magnifying  Glades. 

The  Magnifying  power  of  denfe  mediums  of  certain 
figures,  was  known  to  the  Ancients  ; though  they 
were  far  from  underdanding  the  caufe  of  this  eftedf. 
Seneca  fays,  that  fmall  and  obfeure  letters  appear 
larger  and  brighter  through  a glafs  globe  filled  v ith 
water  ; and  he  abfurdly  accounts  for  it  by  faying,  that 
the  eye  Aides  in  the  water,  and  cannot  lay  hold  of  its 
objedl.^  And  Alexander  Aphrodifenlis,  about  two 
centui  ies  after  Seneca,  fays,  that  the  reafon  why  ap- 
ples appear  large  when  immerfed  in  water,  is,  that  the 
water  which  is  contiguous  to  any  body  is  ndedted  with 
Vol.  II.  ^ ^ 


the  fame  quality  and  colour ; fo  that  the  eye  is  deceive! 
in  imagining  the  body  itfelf  larger.  But  the  fird  did 
tindf  account  we  have  of  the  Magnifying  power  of 
glafles,  is  m the  12  th  century,  in  the  writings  of  Ro- 
ger Bacon,  and  Alhazen  and  it  is  not  improbable  that 
from  then  ohfeivations  the  condrudfion  of  fpeclaclei 
was  derived.  In  the  Opus  Majus  of  Bacon,  it  is  de- 
mondiated,  that  if  a tranfparent  body,  interlperfed 
between  the  eye  and  an  objedd  be  convex  towards  the 
eye,  the  objedl  will  appear  magnified. 

Magnifying  G/f/y},  in  Optics,  is  a fmall  fplierical 
convex  lens  ; which,  in  tranlmitting  the  rays  of  light, 
infledls  them  more  towards  the  axis,  and  fo  exhibits 
objedls  viewed  through  them  larger  than  when  viewed 
by  tlie  naked  eye.  Sec  Microscope. 

MAGNITUDE,  any  thing  made  up  of  parts  lo- 
cally^ extended,  or  continued  ; or  that  has  feveral  di- 
meiifions  ; as  a line,  furface,  folid,  &c.  Quantity  is 
often  ufed  as  fynonymous  with  Magnitude.  Sec 
Qu  a N T ! T Y . 

Geomdrical  Magnitudes,  are  ufually,  and  mod  pro- 
perly, confidered  as  generated  or  produced  by  motion  i 
as  lines  by  the  motion  of  points,  furfaces  by  the  motion 
of  lines,  and  folidsby  the  motion  of  furfaces. 

Jlppari'jit  Magnitude,  is  that  which  is  meafured  by 
the  optic  or  vifual  angle,  intercepted  between  rays 
drawn  fioin  its  extremes  to  the  centre  of  the  pupil  of 
the  eye.  It  is  a fundamental  maxim  in  optics,  that 
whatever  things  are  feen  under  the  fame  or  equal  an- 
gles, appear  equal  ; and  vice  verfa.— The  apparent 
Magnitudes  of  an  objea  at  different  diftances,  are  in  a 
ratio  lefs  than  that  of  their  di dances  reciprocally. 

d he  apparent  Magnitudes  of  the  twm  great  lumina- 
ries, the  lun  and  moon,  at  riling  and  fetting,  are  a phe- 
nomenon that  has  greatly  embarraffed  the  modern  phi- 
lofophcrs.  According  to  tlie  ordinaiy  laws  of  vifion, 
they  fliould  appear  the  lead  when  neared  the  horizon, 
being  then  farthed  from  the  eye ; and  yet  it  is  found  that 
the  contrary  is  true  in  fadl.  Thus,  it  is  well  known 
that  the  mean  apparent  diameter  of  the  moon,  at  her 
greated  height  in  the  meridian,  is  nearly  31 'in  round 
numbers,  fubtendlng  then  an  angle  of  that  quantity  ai 
meafured  by  any  indrument.  But,  being  view^ed  when 
flic  rifes  or  fets,  flic  feems  to  the  eye  as  two  or  three 
times  as  large  as  before  ; and  yet  wdieii  meafured  by 
the  indrument,  her  diameter  is  not  found  increafed 
at  all. 


Ptolomy,  in  his  Almagcd,  lib.  i,  cap.  3,  taking 
for  granted,  that  the  angle  lubtended  by  the  moon  was 
really  increafed,  afcrlbed  the  Increafe  to  a refradlion  of 
the  rays  by  vapours,  which  aftually  enlarge  the  angle 
under  which  the  moon  appears;  jud  as  the  angle  is  en- 
larged by  \vhich  an  objecd  is  feen  from  under  w'ater  : 
and  his  commentator  Tlieon  explains  didindtly  how  the 
dilatation  of  the  angle  in  the  object  immerfed  in  water 
is  caulcd.  But  it  being  afterw'ards  difeovered,  that  there 
is  no  alteration  in  the  angle,  another  folution  was 
darted  by  the  Arab  Alhazen,  w'hich  w^as  followed  and 
improved  by  Bayon,  Vitello,  Kepler,  Peckliam,  and 
others.  According  to  Alhazen,  the  fight  apprehends 
the  furface  of  the  heavens  as  flat,  and  judges  of  the 
dars  as  it  would  of  ordinary  vifible  objeCls  extended 
upor^  a w'ide  plain  ; the  eye  fees  then  under  equal  an- 
gles indeed,  but  withal  perceives  a difference  in  their 
^ diilaiicci, 
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^ftanccSj  and  (on  account  of  the  femlcliameter  of  the 
eaithj  which  is  interpofed  in  one  cafe,  and  not  in  the 
"Other)  it  is  hence  induced  to  judge  thofe  that  appear 
tn ore  remote  to  be  greater.  Some  farther  improvement 
was  made  in  this  explanation  by  Mr.  Hobbes,  though 
he  fell  into  fome  miilakes  in  his  application  of  geometry 
to  this  fubjedl : for  he  obfer-'cs,  that  this  deception 
operates  gradually  from  the  zenith  to  the  horizon  ; and 
that  if  the  apparent  arch  of  the  fxy  be  divided  into  any 
number  of  equal  parts,  thole  parts,  in  defcending  to- 
waids  the  horizon,  Vv^ill  fubtend  an  angle  that  is  gra- 
dually lef^  and  lefs.  And  he  was  the  hrll  who  ex- 
pirefsly  conhdered  the  vaulted  appearance  of  the  Iky  as 
a real  portion  of  a circle. 

Hes  Cartes,  and  from  him  Dr.  Wallis,  and  molt 
ether  authors,  account  for  the  appearance  of  a different 
diffance  under  the  fame  angle,  from  the  long  feries  of 
objects  interpofed  between  Itlie  eye  and  the  extremity 
of  the  feniible  horizon ; which  makes  us  imagine  it 
more  remote  than  when  in  the  meridian,  ffhere  the  eye 
fees  nothing  in  the  way  between  the  object  and  itfelf. 
This  idea  of  a great  difthnee  makes  us  imagine  the  luminary 
the  larger  ; for  an  objedt  being  feen  under  any  certain 
atiglc,  and  believed  at  the  fame  time  very  remote,  we 
naturally  judge  it  mull  be  very  large,  to  appear  under 
filch  an  angle  at  fuch  a diltance.  And  thus  a pure 
judgment  of  the  mind  makes  us  fee  the  fun,  or  the  moon, 
larger  in  the  horizon  than  in  the  meridian;  notwith- 
ftanding  tlieir.  diameters  tneafured  by  any  inffriiment  are 
really  lefs  in  the  former  fituation  than'tlie  latter. 

James  Gregory,  in  his  Geom.  Pars  Univerfalis, 
pa.  141,  fubferibes  to  this  opinion:  Father  Maile- 
branche  alfo,  in  the  firft  book  of  his  Recherche  de  la 
Verite,  has  explained  this  phenomenon  almoft  in  the 
expreffion  of  Des  Cartes  : and  Huygens,  in  his  Trea- 
tife  on  the  Parhelia,  tranflated  by  Dr.  Smith,  Optics, 
art.  536,  has  approved,  and  very  clearly  illuftrated, 
the  received  opinion.  The  caufe  of  this  fallacy,  fays 
he,  in  Ihort,  is  this  ; that  we  think  the  fun,  or  any 
thing  elfe  in  the  heavens,  farther  from  us  when  it  is 
near  the  horizon,  than  when  it  approaches  towards  the 
vertex,  becaufe  we  imagine  every  thing  in  the  air  that 
appears  near  the  vertex  to  be  farther  from  us  than  the 
clouds  that  ily  over  pur  heads  ; whereas,  on  the  other 
hand,  we  are  ufed  to  obferve  a large  extent  of  land 
lying  between  us  and  the  objedts  near  the  horizon,  at 
the  farther  end  of  which  the  convexity  of  the  Iley  begins 
to  appear ; which  therefore,  with  the  objedls  that  ap- 
pear in  it,  are  ufually  imagined  to  be  much  farther 
from  us.  Now  when  two  objedfs  of  equal  magnitude 
appear  under  the  fame  angle,  we  always  judge  that 
objedl  to  be  larger  which  we  think  is  remoter.  And 
this,  according  to  them,  is  the  true  caufe  of  the  de- 
ception in  qiiettion.  It  is  really  adonifliing  that  an  hy- 
pothefis  fo  palpably  falfe  Ihould  ever  be  held  and  main- 
tained by  fuch  eminent  men  ; for  it  is  daily  feen  that 
the  moon  or  fun,  when  near  the  horizon,  very  iuddenly 
changq  their  magnitude,  as  they  afeend  or  defeend, 
tliough  all  the  intervening  objedls  are  leen  juft  as  be- 
fore ; and  that  the  luminary  appears  largeft  of  all  when 
feweft  objedls  appear  on  the  earth,  as  in  a thick  fog  or 
rnift.  It  is  no  wonder  therefo-re  that  other  reafons  have 
been  afiigned  for  this  remarkable  phenomenon. 

Accordingly  G^ffendus  was  of  opinionj,  that  this 


effedl  arifes  from  hence  ; that  the  pupil  of  the  eye^ 
being  always  more  open  as  the  place  is  more  dark,  as 
in  the  morning  and  evening,  when  the  light  is  lefs,  and 
belides  the  earth  being  then  covered  with  grofs  vapours, 
through  a longer  column  of  which  the  rays  mull  pafs 
to  reach  the  horizon  ; the  image  of  the  luminary  enters 
the  eye  at  a greater  angle,  and  is  really  painted  there 
larger  than  when  the  luminary  is  higher.  See  Appa- 
rent Diameter  and  Magnitude, 

F.  Gouge  advances  another  liypothefis,  which  is,  that 
when  the  luminaries  are  in  the  horizon,  the  proximity 
of  the  earth,  and  the  grofs  vapours  with  which  they  then 
appear  enveloped,  have  the  fame  effedf  with  regard  to 
us,  as  a wall,  or  other  denfe  body,  placed  behind  a co- 
lumn ; which  in  that  cafe  appears  larger  than  when  in- 
fulatcd,  and  encompaffed  on  all  fides  with  an  illuminated 
air, 

Tire  commonly  received  opinion  has  been  difputed,. 
not  only  by  F.  Gouge,  who  obferves,  Acad.  Sci.  1700, 
pa.  1 1,  that  the  horizontal  moon  appears  equally  large 
acrofs  the  fea,  where  there  are  no  objedls  to  produce 
the  eftedl:  aferibed  to  them  ; but  alfo  by  Mr.  Moly- 
neux,  who  ftiys,  Philof.  Tranf.  abr.  voL  i,  pa.  221, 
that  if  this  hypothefis  be  true,  we  may  at  any  time  in- 
creafe  the  apparent  magnitude  of  the  moon,  even  in  the 
meridian ; for,  in  order  to  divide  the  fpacc  between  it 
and  the  eye,  we  need  only  to  look  at  it  behind  a clufter 
of  chimneys,  the  ridge  of  a hill,  or  the  top  of  a houfe, 
&c.  He  makes  alio  the  fame  obfervation  with  F. 
Gouge,  above  mentioned,  and  farther  obferves,  that 
when  the  height  of  ail  the  intermediate  objedls  is  cut 
off ; by  looking  through  a tube,  the  imagination  is  not 
helped,  and  yet  the  moon  feems  ftiil  as  large  as  before. 
Flowever,  Mr.  Molyneux  advances  no  hypothelis  of 
bis  own. 

Bifhop  Berkley  fuppofed,  that  the  moon  appears 
larger  near  the  horizon,  becaufe  (he  then  appears  fainter, 
and  her  beams  affcdl  the  eye  lefs.  And  Mr.  Robins  has 
recited  fome  other  opinions  on  this  fubjeft,  Math. 
Tradls,  vol.  2,  pa.  242. 

Dr.  Defaguliers  has  illuftrated  the  dodlrine  of  the 
horizontal  moon,  Philof.  Tranf,  abr.  vol.  8,  pa.  130, 
upon  the  fuppofition  of  our  imagining  the  vifible  hea- 
vens to  be  only  a fmall  portion  of  a fpherical  furface,, 
and  confequentiy  fuppofing  the  moon  to  be  farther  from 
us  in  the  horizon  than  near  the  zenith  ; and  by  feveral 
ingenious  contrivances  he  demonftrated  how  liable  we 
are  to  fuch  deceptions.  The  fame  idea  is  purfiied  ftill 
farther  by  Dr.  Smith,  in  his  Optics,  where  he  deter- 
mines that,  the  centre  of  the  apparent  fpherical  fegment 
of  the  hey  lying  much  below  the  eye,  or  the  horizon, 
the  apparent  diftance  of  its  parts  near  the  horizon  was 
about  3 or  4 times  greater  than  the  apparent  diftance  of  ‘^ 
its  parts  over  head  ; from  which  reafon  it  is,  he  infers,, 
that  the‘moon,  always  appears  the  larger  as  ftie  is  lower,, 
and  alfo  that  we  always  think  the  height  of  a celeftiaL 
objedl  to  be  more  than  it  really  is.  Thus,  he  deter- 
mined, by  meafuring  the  adtiial  height  of  fome  of  the 
heavenly  bodies,  when  to  his  eye  they  feemed  to  be  halF 
way  between  the  horizon  and  the  zenith  ; that  their 
real  altitude  was  then  only  23°  : when  the  fun  was  about 
36°  high,  the  upper  always  appeared  lefs  than  the  un- 
der; and  he  thought  that  it  was  conftantly  greater 
when  the  fun  was  18°  or  20®  high.  Mr.  Robins,  im 

his 
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1)55  Trat?:s,  vol.  2,  pa.  245",  fhews  how  to  determine 
the  apparent  concavity  of  the  fey  in  a more  accurate 
and  geometrical  manner  ; by  which  it  appears,  that  if 
the  altitude  of  any  of  the  heavenly  bodies  be  20°,  at 
the  time  when  it  feems  to  be  half  way  between  the  ho- 
rizon and  the  zenith,  die  horizontal  dillancc  will  be 
hardly  lefs  than  4 times  the  perpendicular  diflance  ; but 
if  that  altitude  be  28°,  it  will  be  little  more  than  2 
and  a half. 

Dr.  Smith,  having  determined  the  apparent  figure 
of  the  flcy,  thus  applies  it  to  explain  the  phenomenon 
of  the  horizontal  moon,  and  other  fimilar  aj^pear- 
ances  in  the  heavens.  Suppofe  the  arc  ABC  to  re- 
G 


prefent  that  apparent  concavity  ; then  the  diameter 
of  the  fun  and  moon  would  feem  to  be  greater  in  the 
horizon  than  at  any  altitude,  meafuied  by  tlie  angle 
AOB,  in  the  ratio  of  its  apparent  diftances,  AO,  BO. 
The  numbers  that  exprefs  thefe  proportions  he  reduced 
into  the  annexed  table,  anfwering  to  the  correfponding 
altitudes  of  the  fun  or 
moon,  which  are  alfo 
exaftly  reprefented  to 
the  eye  in  the  figure, 
in  which  the  m.oon, 
placed  in  the  quadran- 
tai  arc  FG  deferibed 
about  the  centre  O,  are 
all  equal  to  each  other, 
and  reprefent  the  body 
of  the  moon  in  tlie 
heights  there  noted, 
and  the  unequal  moons 
in  the  concavity  ABC 
are  terminated  by  the  vifual  rays  coming  from  tlie  cir- 
cumference of  the  real  moon,  at  thofe  heights  to  the 
eye,  at  O.  Dr.  Smitli  alfo  obferves,  that  the  apparent 
concave  of  the  fi<y,  being  lefstlian  a hemifphere,  is  the 
caufc  that  the  breadths  of  the  colours  in  the  inward  and 
outward  rainbows,  and  the  interval  between  the  bows, 
?.ppear  leaf!:  at  the  top,  and  gteater  at  the'bdttom.  This 


theory  of  the  horizontal  moon  is  alfo  confirmed  by  the 
appearances  of  the  tails  of  comets,  wdiich,  whatever  be 
their  real  figure,  miagnitude,  and  fituation  in  abfolutc 
fpace,  do  always  appear  to  be  an  arc  of  the  concave  Iky*. 
Dr.  Smith  however  jullly  acknowledges  that,  at  differ- 
ent times,  the  moon  appears  of  very  different  magni- 
tudes, even  In  the  fame  horizon,  and  occafionalbv  of  an 
extraordinary  large  fize  ; which  he  is  not  able  to  give  a 
fatisf  adlory  explanation  of.  Smith’s  Optics,  vol.  i,- 
pa.  6^,  &c,  Rcmaiks,  pa.  5:5. 

MAIGNAN (E  makuel),  a religious  minim,  and 
one  of  the  greatell  philofophers  of  his  age,  was  born  at 
Fhouloufe  in  i6oi.  Dike  the  famous  Pafeal,  he  be- 
came a complete  mathematician  without  the  afliilancc 
of  a teacher  ; and  filled  the  profefibi’s  chair  at  Rome 
in  1636,  where,  at  the  Cxpence  of  Cardinal  Spada,  he 
publiflied  his  book  De  P trJpcBi'-ua  Horana,  in  1648. 
Upon  this  hook,  Baillet,  in  his  Life  of  Des  Cartes,  has 
the  following  pafiage  : “ M.  Carcavi  acquainted  Des 
Cartes,  that  there  was  at  Rom«  one  fatlier  Maignan,  a 
rriinim,  of  greater  learning  and  more  depth  than  father 
Merfe  line,  who  made  him  expeef  fome  objections  againlb 
his  principles.  This  father’s  proper  name  was  Emanuel, 
and  his  native  place  Thouloufe  : hut  he  lived  at  that 
time  at  Rom.e,  where  he  taught  divinity  in  the  convent 
of  the  T rinity  upon  Mount  Pincio,  which  they  other- 
wife  call  the  convent  of  the  French  minims.”  Maignan 
returned  to  Thouloufe  in  1 650,  and  was  created  Pro- 
vincial. Flis  knowledge  in  mathematics,  and  phyfical 
experiments,  were  very  early  known  ; efpecially  from  a 
difpute  wliich  arofe  between  him  and  father  Kircher, 
about  the  invention  of  a catoptrical  work. 

The  king,  who  In  1660  aiTiufed  himfelf  with  the  ma- 
chines and  curiofitles.  in  the  father’s  cell,  made  him  of- 
fers by  CardinarMazarin,  to  draw^  him  to  Paris  ; but 
he  humbly  defired  to  fpeiid  the  remainder  of  his  days 
in  a cloyfter. — He  publiflied  a Courfe  ofPhilofophy,  in 
4 volumes  8vo,  at  ’I’hoiiloufe,  in  1652  ; to  the  fecond 
edition  of  wliich,  in  folio,' 167  3,  he  added  tw’o  Treatifes; 
the  one  againft  the  vortices  of  Des  Cartes,  the  other 
upon  the  fpeaking  trumpet  invented  by  Sir  Samuel 
Morland. — He  formed  a machine,  which  fliew'ed,  by 
its  movements,  that  Des  Cartes’s  fuppofition  concern- 
ing the  manner  in  wdiich  the  univerfe  w'as  formed,  or 
might  have  been  formed,  and  concerning  the  centrifu- 
gal force,  w^as  entirely  without  foundation. 

Thus  this  great  philofopher  and  divine  pafTed  a life  of 
tranquillity,  in  writing  books,  making  experiments,  and 
reading  lectures.  He  was  frequently  confulted  by  the 
molt  eminent  philofophers  ; and  has  had  a thonfand  an- 
fwers  to  make,  eiiher  by  writing  or  otherwife.  Ne- 
ver was  mortal  lefs  inclined  to  idlenefs.  It  is  faid  tliat 
he  even  fludied  in  his  fleep  ; for  his  very  dreams  em- 
ployed him  in  problems,  which  he  purfued  fometimes 
till  he  came  to  a folntion  or  demonllration  ; and  he  has 
frequently  been  awxiked  out  of  his  fleep  of  a hidden,  by 
the  exquifite  pleafure  which  he  felt  upon  difcqvery  ofito 
The  excellence  of  his  manners,  and  his  unfpotted  vir- 
tues, rendered  him  no  lefs  worthy  of  cllcem,  than  hi* 
genius  and  learning.. — It  is  faid  that  he  compofed  with, 
great  eafe,  and  without  any  alterations  ^ all. — He  died 
at  Thouloufe  in  1676,  at  75  years  of  age. 

jMALLEABLE,  the  property  of  a folid  dudlilc 
body,  from  which  it  may  be  beaten,  forged,  and  ex- 
L ^ tended 


The  alt.  of  the 
fun  or  moon  in 
degrees. 

Apparent  dia- 
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tended  under  the  hammer,  without  breaking,  which  is 
a property  of  all  metals. 

MANFREDI  (Eustachio),  a celebrated  aflro- 
romer  and  mathematician,  born  at  Bologna  in  1674. 
His  genius  was  always  above  Kis  age.  He  was  a tole- 
rable poet,  and  wrote  ingenious  verfes  while  he  was  but 
a child.  And  while  very  young  he  formed  in  his  fa- 
ther’s houfe  an  academy  of  youth  of  his  own  age, 
W'ho  became  the  Academy  of  Sciences,  or  the  Inftitute, 
there.  He  became  Profelfor  of  Mathematics  at  Bo- 
logna in  1698,  and  Superintendant  of  the  waters  there 
in  1 704.  The  fame  year  he  was  placed  at  the  head  of  the 
College  of  Montalte,  founded  at  Bologna  for  young 
men  intended  for  the  church.  In  1711  he  obtained  tlie 
office  of  Aftronomer  to  the  Inftitute  of  Bologna.  He 
became  member  of  the  Academy  of  Sciences  of  Paris 
in  1726,  and  of  the  Royal  Society  of  London  in  1729  ; 
and  died  the  jyth  of  February  1739. — Flis  works  are; 

1 , Ephemerides  Motuum  Calejlium  ab  anno  1715 
mnum  1750  ; 4 volumes  in  4to. — The  firft  volume  is  an 
excellent  introduction  to  aftronomy  ; and  the  other 
three  contain  numerous  calculations.  His  two  fifters 
were  gu^eatly  affifting  to  him  in  compofing  this  w^ork, 

2,  De  Trat^itu  Mercuril per  Soknij  anno  1723,  Bo- 
logna 1724,  in4to, 

3,  De  jinnuis  Jnerranttum  Stellarum  'Aberrationthiis^ 
Bologna  1729,  in  4to. — Befides  a number  of  papers  in 
the  Memoirs  of  the  Academy  of  Sciences,  and  in  other 
places, 

MANILIUS  (Marcus),  a Latin  aftronomical 
poet,  wffio  lived  in  the  reign  of  Auguftus  Casfar.  He 
wrote  an  ingenious  poem  concerning  the  ftars  and  the 
fphere,  called  AJlronomicon } which,  not  being  men- 
tioned by  any  of  the  ancient  poets,  was  unknown,  till 
about  tw’-o  centuries  fince,  when  it  was  found  buried  in 
fome  German  library,  and  publiflied  by  Poggius.  There 
is  no  account  to  be  found  of  this  author,  but  what  can 
be  drawn  from  his  poem  ; which  contains  afyftem  of 
the  ancient  aftronomy  and  aftrology,  together  w'ith  the 
philofophy  of  the  Stoics,  It  confifts  of  five  books  ; 
though  there  was  afixth,  wdiich  has  not  been  recovered. 
In  this  work,  Manilius  hints  at  fome  opinions,  which 
later  ages  have  been  ready  to  glory  in  as  their  own  dif- 
coveries.  Thus,  he  defends  the  fluidity  of  the  hea- 
vens, againft  the  hypothefis  of  Anftotle  : he  afierts 
that  the  fixed  ftars  are  not  at  all  in  the  fame  concave  fii- 
perficies  of  the  heavens,  and  equally  diftant  from  the 
centre  of  the  world  : he  maintains  that  they  are  all  of 
the  fame  nature  and  fubftance  with  the  fun,  and  that 
each  of  them  has  a particular  vortex  of  its  own  : and 
iaftly,  he  fays,  that  the  milky  way  is  only  tlie  united 
luftre  of  a great  many  fmall  imperceptible  liars  ; which 
indeed  the  Moderns  now  fee  to  be  fuch  through  their 
telefcopes. 

The  beft  editions  of  Manilius  are,  that  of  Jofeph 
Scaliger,  in  4to,  1600  ; that  of  Bentley,  in  4to,  1738, 
and  that  of  Edmund  Burton,  Efq.  in  8vo,  1783. 

MANOMETER,  or  Manoscope,,  an  inftrument 
to  fhew  or  meafure  the  alterations  in  the  rarity  or  den- 
fity  of  the  air-.- 

The  Manometer  differs  from  the  barometer  in  thisj 
That  the  latter  only  ferves  to  meafure  the  weight  of  the 
atmiofphere,  or  of  the  column  of  air  over  it ; but  the 
former,  the  denfity  of  the  air  in  which  it  is,  found  5. 


wdiich  denfity  depends  not  only  on  the  weight  of  the 
atmofphere,  but  alfo  on  the  adtion  of  heat  and  cold, 
&c.  Authors  however  often  confound  the  two  toge- 
ther ; and  Mr.  Boyle  himfelf  has  given  a very  good 
Manometer  of  his  contrivance,  under  the  name  of  a 
Statical  Barometer,  confiftingofa  bubble  of  thin  glafs, 
about  the  fize  of  an  orange,  which  being  counter- 
poiled  when  the  air  was  in  a mean  ftate  of  denfity,  by 
means  of  a nice  pair  of  fcales,  funk  when  the  atmo- 
fphere became  lighter,  and  rofe  as  it  grew  heavier. 

The  Manometer  iifed  by  captain  Phipps,  in  his  voy- 
age towards  the  North  Pole,  confifted  of  a tube  of  a 
fmall  bore,  with  a ball  at  the  end.  The  barometer 
being  at  29*7,  a fmall  quantity  of  quickfilver  was  put 
into  the  tube,  to  take  off  the  communication  between 
the  external  air,  and  that  confined  in  the  ball  and  the 
part  of  the  tube  below  this  quickfilver.  A fcale  is 
placed  on  the  fide  of  the  tube,  which  marks  the  de- 
grees of  dilatation  arifing  from  the  increafe  of  heat  in 
this  ftate  of  the  weight  of  the  air,  and  has  the  fame 
graduation  as  that  of  Fahrenheit’s  thermoffieter,  the 
point  of  freezing  being  marked  32.  In  this  ftate 
therefore  it  will  fhew  the  degrees  of  heat  in  the  fame 
manner  as  a thermometer.  But  when  the  air  becomes 
lighter,  the  bubble  Inclofed  in  the  ball,  being  lefs  com- 
preffed,  will  dilate  itfelf,  and  occupy  a fuace  as  much 
larger  as  the  compreffing  force  is  lefs  ; therefore  the 
changes  ariftng  from  the  Increafe  of  heat,  will  be  pro- 
portionably  larger  ; and  the  inftrument  will  fhew  the 
differences  in  the  denfity  of  the  air,  arifing  from  the 
changes  in  its  weight  and  heat.  Mr.  Ramfden  found, 
that  a heat  equal  to  that  of  boiling  water,  iiicreafed 
the  magnitude  of  the  air,  from  what  It  was  at  the 
freezing  point,  by  -fbltr  of  the  whole.  Hence  it  fol- 
lows, that  the  ball  and  the  part  of  the  tube  below  the 
beginning  of  the  fcale,  is  of  a magnitude  equal  to  al- 
moft  414  degrees  of  the  fcale.  If  the  height  of  both 
the  Manometer  and  thermometer  be  given,  the  height  of 
the  barometer  may  be  thence  deduced,  by  this  rule ; 

as  the  height  of  the  Manometer  increafed  by  414, 
to  the  height  of  the  thermometer  increafed  by  414, 
fo  is  29*7,  to  the  height  of  the  barometer ; 

or  if  m denote  the  height  of  the  Manometer,  and  t the 
height  of  the  thermometer  ; then 

. . ^ + 414- 

m + 414  ; t -h  414  : ; 297  : x 297, 
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which  is  the  height  of  the  barometer. 

Another  kind  of  Manometer  was  made  ufe  of  by 
colonel  Roy,  in  his  attempts  to  correT  the  errors  of 
the  barometer  ; which  is  deferibed  in  the  Philo f.  Tranft. 
vol.  67,  pa.  689. 

MANTELETS,  a kind  of  moveable  parapet,  or 
fereen,  of  about  6 feet  high,  fet  upon  trucks  or  little 
wheels,  and  guided  by  a long  pole  ; fo  that  in  a fiege  It 
may  be  driven  before  the  pioneers,  and  ferve  as  blinds, 
or  fereens,  to  flielter  them  from  the  enemy’s/mall  fliot.. 
Mantelets  are  made  of  different  materials,  fo  as  to  ren- 
der them  mufleet  proof ; as  of  ftrong  boards  nailed  toge- 
ther, and  covered  with  tin  ; or  of  thick  leather,  or 
of  layers  of  rope,  &:c,  firmly  bound  together. 

There  are  alfo  other  forts  of  Mantelets,  covered  on 
the  top,  ufed  by  the  miners  In  approaching  the  walls  or 
wbrks.  of  an  enemy.  The  double  Mantelets  form  an 

angle,. 


MAP 
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angle,  and  Hand  fquare,  making  two  fronts.  It  ap-. 
pears  from  Vegetius,  that  Mantelets  w^ere  in  ufe  among 
the  Ancients,  under  the  name  of  Vineae. 

MANTLE,  or  MANTLE-/r^^,  is  the  lower  part  of 
the  breall  or  front  of  a chimney.  It  was  formerly  a 
piece  of  timber  that  lay  acrofs  the  jambs,  fupporting 
the  breaftwork  ; but  by  a late  act  of  parliament,  chim- 
ney-breails  are  not  to  be  fupported  by  a wooden  mantle- 
tree,  or  turning  piece,  but  by  an  iron  bar,  or  by  an 
arch  of  brick  or  flone. 

MAP,  a plane  figure  reprefenting  the  furface  of  the 
earth,  or  fome  part  of  it ; being  a projeffion  of  the 
globular  furface  of  the  earth,  exhibiting  countries, 
feas,  rivers,  mountains,  cities,  &c,  in  their  due  poli- 
tions,  or  nearly  fo. 

Maps  are  either  Univerfal  or  Particular,  that  is  Par- 
tial. 

Univerfaiyi^vs  are  fuch  as  exhibit  the  whole  furface 
of  the  earth,  or  the  two  hemifpheres. 

Particular,  or  Maps,  are  thofe  that  exhibit 

fome  particular  region,  or  part  of  the  earth. 

Both  kinds  are  ufually  called  Geographical,  or  Land- 
Maps,  as  difiinguifhed  from  Hydrographical,  or  Sea- 
Maps,  which  reprefent  only  the  feas  and  fea  coafts,  and 
are  properly  called  Charts. 

Anaximander,  the  fcholar  of  Thales,  It  is  faid, 
about  400  years  before  Chrlft,  firil  invented  geogra- 
phical tables,  or  Maps.  The  Pentingerlan  Tables,  pub- 
lilhed  by  Cornelius  Pentinger  of  Aufburgh,  contain  an 
itinerary  of  the  whole  Roman  Empire  ; all  places,  ex- 
cept feas,  woods,  and  delarts,  being  laid  down  accord- 
ing to  their  meafured  diftances,  but  without  any  men- 
tion of  latitude,  longitude,  or  bearing. 

The  Maps  publifhed  by  Ptolomy  of  Alexandria, 
about  the  144th  year  of  Chrift,  have  meridians  and  pa- 
rallels, the  better  to  define  and  determine  the  fituation 
of  places,  and  are  great  improvements  on  the  conftruc- 
tion  of  Maps.  Though  Ptolomy  himfelf  owns  that 
his  Maps  were  copied  from  fome  that  were  made  by 
Marinus,  TIrus,  (See,  with  the  addition  of  fome  improve- 
ments of  his  own.  But  from  his  time  till  about  the  14th 
century,  during  which,  geography  and  moll  fclences 
were  neglected,  no  new  Maps  were  publlfhed.  Mer- 
cator was  the  firft  of  note  among  the  Moderns,  and 
next  to  him  Ortellus,  who  undertook  to  make  a new  fet 
of  Maps,  with  the  modern  divifions  of  countries  and 
names  of  places  ; for  want  of  which,  thofe  of  Ptolo- 
my were  become  almofl;  ufelefs.  After  Mercator,  many 
others  publifhed  Maps,  but  for  the  moft  part  they  were 
mere  copies  of  his.  Towards  the  middle  of  the  17th 
century,  Bleau  in  Holland,  and  Sanfon  In  France,  pub- 
llfhed new  fets  of  Maps,  with  many  improvements  from 
the  travellers  of  thofe  times,  which  were  afterwards 
copied,  with  little  variation,  by  the  Englifh,  French, 
and  Dutch  ; the  bell  of  thefe  being  thofe  of  Vifcher 
and  De  Witt.  And  later  obfervations  have  furnifhed 
us  wfith  Itill  more  accurate  and  copious  fets  of  Maps, 
by  De  Lifle,  Robert,  Wells,  kc,  kc.  Concerning 
Maps,  fee  Varenius’s  Geog.  lib.  3,  cap.  3,  prop.  4 
Fournier’s  Hydrog.  lib.  4,  c.  24  ; Wolfius’s  Elem. 
Hydrog.  c.  9 ; John  Newton’s  Idea  of  Navigation  ; 
Mead’s  Conflruftion  of  Globes  and  Maps;  Wright’s 
Conftrudf  ions  of  Maps,  &c,  kc. 

Conjiritction  of  Maps.  Maps  are  cQnflriufted  by 
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making  a projedfion  of  the  globe,  either  on  the  plane 
of  fome  particular  circle,  or  by  the  eye  placed  in  fome. 
particular  point,  according  to  the  rules  of  Perfpedlive, 
&c  ; of  which  thei'e  are  feveral  methods. 

Firf,  to  conjlrud,  a Map  of  the  JV arid,  or  a general  Map^ 

ill  Method. — A map  of  the  world  muft  reprefent  two- 
hemifpheres  ; and  they  muft  both  be  drawn  upon  the 
plane  of  that  circle  which  divides  the  two  hemifpheres. 
The  firft  way  is  to  project  each  hemifphere  upon  the 
plane  of  fome  particular  circle,  by  the  rules  of  Ortho- 
graphic projection,  forming  two  hemifpheres,  upon 
one  common  bafe  or  circle.  When  the  plane  of  pro- 
jection is  that  of  a meridian,  the  maps  will  be  the  eaft 
and  weft  hemifpheres,  the  other  meridians  will  be  el- 
lipfes,  and  the  parallel  circles  will  be  right  lines.  Upon 
the  plane  of  the  eqiilnoCtlal,  the  meridians  will  be  right 
lines  croffing  In  the  centre,  which  wall  reprefent  the 
pole,  and  the  parallels  of  latitude  will  be  circles  having 
that  common  centre,  and  the  Maps  will  be  the  nor- 
thern and  fouthern  hemifpheres.  The  fault  of  this 
w^ay  of  drawing  Maps,  is,  that  near  the  outfide  the  circles 
arc  too  near  one  another;  and  therefore  equal  fpaces  on 
the  earth  are  reprefented  by  very  unequal  fpaces  upon 
the  Map. 

2d  Method. — Another  way  is  to  project  the  fame 
hemifpheres  by  the  rules  of  Stereographic  projec- 
tion ; In  which  way,  all  the  parallels  will  be  reprefent- 
ed by  circles,  and  the  meridians  by  clrcles'or  right  lines. 
And  here  the  contrary  fault  happens,  viz,  the  circles 
towards  the  outfides  are  too  far  afunder,  and  about  the 
middle  they  are  too  near  together. 

3d  Method. — To  remedy  the  faults  of  the  twm  for- 
mer methods,  proceed  as  follows.  Firft,  for  the  eaft 
and  w'eft  hemifpheres,  deferibe  the  circle  PENQ^or 
the  meridian  (pi.  xvii,  fig.  i),  or  plane  of  projection  ; 
through  the  centre  of  which  draw  the  equinodtial  EQ^, 
and  axis  PN  perpendicular  to  It,  making  P and  N the 
north  and  fouth  pole.  Divide  the  quadrants  PE„  EN, 
NQ^,  and  QP  into  9 equal  parts,  eacli  reprefenting  10 
degrees,  beginning  at  the  eqninodtial  ECU  divide  alfo,. 
CP  and  CN  into  9 equal  parts ; beginning  at  EO  ;• 
and  through  the  correfponding  points  draw  the  paraF 
lels  of  latitude.  Again,  divide  CE.  and  CC^Into  9- 
equal  parts  ; and  through  the  points, of  divifion,  and 
the  two  poles  P and  N,draw  circles,  or  rather- ell ipfe?,, 
for  the  meridians.  So  lhall  the  Map  be  prepared  to  re- 
ceive the  feveral  places  and  countries  of  the  earth. 

Secondly,  for  the  north  or  fouth  hemifphere,  draw 
AQBE,  for  the  equinodflal  (fig.  2),  dividing  It  Into> 
theiour  quadrants  EA,  AC^,  CHL  and  LL  ;.  and  eacli, 
quadrant  Into  9 equal  parts,  rcprefentfiig  each  10  de- 
grees of  longitude  ; and  then,  from  the  points  of  dl- 
vllion,  draw  lines  to  the  centre  C,  for  the  circles  of 
longitude.  Divide  any  circle  of  longitude,  as  the  firft 
meridian  EC,  into  9 equal  parts,  and  through  thefe- 
points  deferibe  circles  from  the  centre  C,  for  the  pa- 
rallels of  latitude;  numbering  them,  as.  in  the  fi- 
gure. 

In  this  3d  method,  equal  fpaces  on  the  earth  are  repre- 
fented by  equal  fpaces  on  the  Map,  as  near  as  any  projec-- 
tion  will  bear  ; for  a fpheiical  furface  can  no  way  be, 
reprefented  exa6fly  upon  a plane.  Then  the  feveral 
countries  of  the  world,  feas,  iflands,  fea-coafls,  towns. 
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iiCy  m‘t  to  be  entered  in  the  Map,  according  to  their  la- 
titudes and  longitudes. 

■ In  Riling  up  the  Map,  all  places  reprefenting  land  are 
filled  with  fuch  things  as  the  countries  contain  ; but 
the  leas,  are  left  vyhite  ; the  Ihores  adjoining  to,  the  fea 
bHng  fliaded.  Rivers  are  marked  hy  ftrong  lines,  or 
by  double  lines,  drawn  wunding  in  form'of  the  rivers 
they  reprefent  5 and  fmall  rivers  are  exprefied  by  finall 
lines.  Different  countries  are  bell:  diflinguifhed  by  dif- 
ferent colours,  or  at  leail  the  borders  of  them,  p'orefes 
are  reprefented  by  trees  ; and  mountains  flitsded  to, make 
them  appear.  Sands  are  denoted  by  fmall  points  or 
fpecks;  and  rocks  under  water  by  a fmall  crofs.  In 
any  void  fpace,  draw  the  mariner’s  compafs,  with  the 
J2  points  or  winds.  ; 

II.  To  draw  a Map  of  any  particular  Country » 

ill  Method- — P"o.r  tips  purpofe,  its  extent  muff  be 
knowm,  as  to  latitude  and  longitude  ; as  fuppofe  Spain, 
lying  between  the  north  latitudes  36  and  44,  and  ex- 
tending from  10  to  23  degrees  of  longitude;  fo  that 
its  extent  from  north  to  fouth  is  8 degrees,  and  from 
call  to  weft  13  degrees. 

D raw  the  line  AB  for  a meridian  paiang  through'the 
middle  of  the  country  (fig.  3),  on  which  fet  off  8 de- 
grees from  B to  A,  taken  from  any  convenient  fcale  ; . 
A being  the  north,  and  B the  fouth  point.  Through 
A and  B draw  the  perpendiculars'  CD,'  EF,  for  the 
extreme  parallels  of  latitude.  Divide  AB  into  8 parts, 
or  degrees,  through  which  draw  the  other  parallels  of 
latitude,  parallel-  to  the  former. 

For  the  meridians  ; .divide  any  degree  jn  AB  into  60 
equal  parts,  or  geographical  miles.  Then,  becaufe  the 
length  of  a degree  in  each  parallel  decreafes  towards  the 
pole,  from  the  table  fhewdng  this,  decreafe,  under  the 
article  DegPvEE,  take  the  number  of  miles  anfwering  to 
the  latitude  of  B,  which,  is  48 1;  nearly,  and  fet  it  from 
B,  7 times  to  E.,  and  6 times  to  F ; fo  is  EF  divided 
into  degrees.  Again,  from  the  fame  table  take  the 
number  of  miles  of  a degree  in  the  latitude  A,  viz  43 
nearly  ; wTich  fet  off,  from  A,  7 times  to  C,  and  6 
times  to  D.  Then  from  the  points  of  divifton  in  the 
line  CD,  to  the  correfponding  points  in  the  line  EF, 
draw  fo  many  right  lines,  for  the  meridians.  Number 
the  degrees  of  latitude  up  both  fides  of  the  Map,  and 
the  degrees  of  longitude  on  the  top  and  bottom.  Alfo, 
in  fome  vacant  place  make  a fcale  of  miles  ; or  of  de- 
grees, if  the  Map  reprefent  a large  part  of  the  earth  ; 
to  ferve  for  finding  the  diftances  of  places  upon  the 
Map. 

Then  make  the  proper  divifions  and  fubdivifions  of 
the  country  : and.  having  the  latitudes  and  longitudes 
of  the  principal  places,  it  will  be  eafy  to  fet  them  down 
in  the  Map  : for  any  town,  &;c,  muft  be  placed  where 
the  circles  of  its  latitude  and  longitude  interfedfc.  For 
inftance,  Gibraltar,  whofe  latitude  is  36°  ii',  and 
longitude  12°  27^,  will  be  at  G : and  Madrid,  whofe 
lat.  is  40°  10',  and  long.  14°  44',  will  be  at  M.  In 
like  manner  the  mouth  of  a river  muft  be  fet  down  ; 
but  to  deferibe  the  whole  river,  the  latitude  and  longi- 
tude of  every  turning  muft  be  marked  dowm,  and  the 
towns  and  bridges  by  which  it  pajffes.  And  fo  for 
woods,  forefts,  mountains,  lakes,  caftles,  &:c.  The 
|).ouiidarks  will  be  deferibed,  by  fetting  down  the  re- 
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markable  places  on  the  fea-coaft,  and  drawing  a contf*^ 
nued  line  through  them  all.  And  this  way  is  very  pro- 
per for  fminll  countries. 

2d  Method, — Maps  of  particular  places  are  bttt 
portions  of  the  globe,  and  therefore  may  be  drawn  af- 
ter the  fame  manner  as  the  w'hole  is  drawn.  That  is, 
fuch  a Map  may  be  drawn  either  by  the  orthographic 
or  ftereographic  projedfion  of  the  fphere,  as  in  the  laft 
prob.  But  in  partial  Jalaps,  an  eafier  way  is  as  follows. 
Having  drawn  themiendian  AB  (fig-  3)9  and  divided  it 
into  equal  parts  as  in  the  iaft  method,  through  all  the 
points  of  divifton  draw  lines  perpendicular  to  AB,  for 
the  parallels  of  latitude  ; CD,  EF  being  the  extreme 
parallel.  Then  to  divide  theie,  let  off  the  degrees  in 
each  parallel,  diminifhed  after  the  manner  directed  for 
the  two  extreme  parallels  CD,  EF,  in  the  lail  method; 
and  through  all  the  correfponding  points  draw  the  me- 
ridians, which  will  be  curve  lines;  which  were  right 
lines  in  the  iaft  method  ; becaufe  only  the  extreme  pa- 
imllels  were  divided  by  the, table.  This  method  is  proper 
for  a large  tradt,  as  Europe,  &c  : in  which  cafe  the 
parallels  and  meridians  need  only  be  drawn  to  every  5 
or  10  decrees.  This  method  is  mmeh  ufed  in  drawing 
Maps ; as  all  the  parts  are  nearly  of  their  due  magnitude, 
but  a little  diftorted  towards  the  outfide,  from  the  ob- 
lique interfedlions  of  the  meridians  and  parallels. 

3d  Method. —DvdM  PB  of  a convenient  length,  for 
a meridian  j divide  it  into  9 equal  parts,  and  tlirouglV' 
the  points  of  divifton,  deferibe  as  many  circles  for  the' 
parallels  of  latitude,  from  the  centre  P,  which  repre- 
fents  the  pole.  Suppofe  AB  (fig.  4)  the  height  of  the- 
Map  ; then  CD  wall  be  the  parallel  paffing  through  the 
greateft  latitude-,,  and  EF  will  reprefent  the  equator. 
Divide  the  equator  EF  into  equal  parts,  of  the  fam.e 
fize  as  thofe  in  AB,  both  ways,  begiiiningat  B.  Di- 
vide alfo  all  the  parallels  into  the  fame  number  of  equal 
parts,  but  lefter,  in  proportion  to  the  numbers  for  the' 
feveral  latitudes,  as  directed  in  the  Iaft  method  for  the 
rectilineal  parallels  Then  through  all  the  correfpond- 
ing divifions,  draw  curve  lines,  which  will  reprefent 
the  meridians,  the  extreme  ones  being  EC  and  ED, 
Daftly,  number  the  degrees  of  latitude  and  longitude, 
and  place  a fcale  of  equal  parts,  either  of  mules  or- de- 
grees, for  meafuring  diftances.— This  is  a very  good 
way  of  drawing  large  Maps,  and  is  called  the  globular 
projection  ; all  the  parts  of  the  earth  being  reprefented 
nearly  of  their  due  magnitude,  excepting  that  they  are 
a little  diftorted  on  the  outfides. 

When  the  place  is  but  fmall  that  a Map  is  to  be' 
made  of,  as  if  a county  was  to  be  exhibited  ; the  meri- 
dians, as  to  fenfe,  will  be  parallel  to  one  another,  and 
the  whole  will  differ  very  little  from  a plane.  Such  a- 
Map  will  be  made  more  eafily  than  by  the  preceding 
rules.  It  will  here  be  fufficient  to  meafiire  the  diftances 
of  places  in  miles,  and  fo  lay  them  down  in  a plane 
rectangular  map.  But  this  belongs  more  properly  to 
Surveying. 

The  life  (^Maps  is  obvious  from  their  conftruCtion. 
The  degrees  of  the  meridians  and  parallels  fhew  the  la- 
titudes and  longitudes  of  places,  and  the  fcale  of  miles 
anneked,  their  diftances  ; the  fituation  of  places,  with 
regard  to  each  other,-  as  well  as  to  the  cardinal  points, 
appears  by  infpeCtion  ; the  top  of  the  map  being  always 
the  north,  the  bottom  the  fe-uth,  the  right  hand  the 
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ca^5  and  tlie  left  hand  the  weft ; unlefs  the  compafs, 
ufually  annexed,  fliew  the  contrary. 

MARALDI  (James  Philip),  a learned  aftrono- 
iiier  and  mathematician,  was  born  in  1665  Perinaldo 
in  the  county  of  Nice,  a place  already  honoured  by  the 
birth  of  his  maternal  uncle  the  celebrated  Calfini. 
Pfaving  made  a confiderable  progrefs  in  mathematics,  at 
the  age  of  22  his  uncle,  who  had  been  a long  time  fet- 
tled in  France,  invited  him  there,  that  he  might  him- 
lelf  cultivate  the  promifing  genius  of  his  nephew.  Ma- 
raldi  no  fooner  applied  himfelf  to  the  contemplation  of 
the  heavens,  than  he  conceived  the  definn  of  forrainGT  a 
catalogue  of  the  fixed  ftarSj  the  foundation  of  all  the  af- 
tronomical  edifice.  In  coniequence  of  this  defign,  he 
applied  himfelf  to  obferve  them  with  the  moll  conftant 
attention  ; and  he  became  bv  this  means  fo  intimate 
With  them,  that  on  being  fliewn  anyone  of  them,  how- 
everlmall,  he  could  immediately  tell  what  ccnllellation 
it  belonged  to,  and  its  place  in  that  conftellation.  Fie 
has  been  known  to  difcover  thofe  fmall  comets,  which 
ailronomers  often  take  for  the  ftais  of  the  conftellation 
in  which  they  are  feen,  for  want  of  knowing  precifely 
what  ftars  the  conftellation  confifts  of,  wFen  others,  on 
the  fpot,  and  w'ith  eyes  direfted  equally  to  the  fame 
part  of  the  heavens,  could  not  for  a long  time  fee  any 
thing  of  them. 

In  17CO  he  was  employed  under  Caftini  in  prolong- 
ing the  French  meridian  to  the  northern  extremity  of 
France,  and  had  no  fmall  fhare  in  completing  it.  He 
then  fet  out  for  It?.lv,  where  Clement  the  nth  invited 
him  to  afiift  at  the  affemblies  of  the  Congregation  then 
fitting  in  Rome  to  reform  the  calendar.  Bianchini  alfo 
availed  himfelf  of  his  affiftance  to  conftrudl  the  great 
meridian  of  the  Carthufian  church  in  that  city.  In 
1718  Maraldi,  wfith  three  other  academiicians,  pro- 
longed the  French  meridian  to  the  fouthern  extremity 
of  that  country.  He  was  admitted  a member  of  the 
Academy  of  Sciences  of  Paris  in  1699,  depart- 

ment 6f  Aftronomy,  and  communicated  a great  nrulti- 
tiide  of  papers,  which  are  printed  in  their  memoirs,  in 
almoft  every  year  from  1699  ^729>  and  ufually  feve- 

lal  papers  in  each  of  the  years  ; for  he  rvas  indefatigable 
in  his  obfei-vations  of  every  thing  that  was  curious  and 
ideful  in  the  motions  and  phenomena  of  the  heavenly 
bodies.  As  to  the  catalogue  of  the  fixed  ftars,  it  was 
not  quite  completed  : juft  as  lie  had  placed  a mural 
quadrant  on  the  terras  of  the  obfervatory,  to  obferve 
fome  ftars  towards  the  north  and  the  zenith,  he  fell 
fick,  and  died  the  ift  of  December  1729. 

MARCH,  the  3d  month  of  the  year,  according  to 
the  common  way  of  com.puting,  and  coniifts  of  3 1 
days.  The  fim  enters  the  fign  Aries  about  the  20th  or 
2 1 ft  day  of  this  month. 

Among  the  Romans,  March  was  the  firft  month  ; 
and  in  fome  ecclefiaftical  computations,  that  order  is 
Hill  preferved.  In  England,  before  the  alteration  of 
the  flile,  March  w’as  the  ift  month  in  order,  the  year 
always  commencing  wfith  the  25th  day  of  the  month. 

It  has  been  faid  it  was  Romulus  who  firft  divided  the 
year  into  months;  to  the  firft  of  which  he  gave  the 
name  of  his  fuppofed  father  Mars.  It  is  obferved  by 
Ovid,  however,  that  the  people  of  Italy  had  the  month 
of  March  before  the  time  of  Romulus  ; but  that  they 
placed  it  differently  ; fome  making  it  the  third,  fome 


the  4th,  fome  the  ytli,  and  others  the  loth  month- of 
the  year.  ' > ' 

MARINE  Bar  OMETER.  See  Barometer. 
MARINERS-Compass.  See  Compass. 

MARIOTTE  (Edme),  an  eminent  French  philo*- 
fopherand  mathematician,  \vas  born  at  Dijon,  and  ad- 
mitted a member  of  the  Academy  of  Sciences  of  Paris 
in  1666.  His  works  however  are  better  known  than 
bis  life.  He  was  a good  mathematician,  and  the  firft 
French  philofopher  wfiio  applied  much  to  experimental 
phyfics.  The  law  of  the'  ftiock  or  collifion  of  bodies, 
the  tlieory  of  the  preffure  and  motion  of  fluids,  the  na- 
ture of  vilion,  and  of  the  air,  particularly  engaged  his 
attention.  He  carried  into  his  philofopliical  refearches, 
that  fpirit  of  ferutiny  and  inveitigation  io  Feceflary  to 
thofe  w’lio  wmuld  make  any  coididerable  progrefs  in  it. 
He  died  in  1 684. 

He  communicated  a number  of  curious  and  valuable 
papers  to  tlie  Academy  of  Sciences,  which  were  printed 
ill  the  colleflion  of  their  Memoirs  dated  1666,  viz,  from 
volume-  I to  volume  10.  And  all  his  wxirks  were  >iol- 
lefled  into  2 volumes  in  qto,  and  printed  at  LeydCn  ia 
1717. 

MARS,  one  of  the  feven  primary  planets  now* 
known,  and  the  firft  of  the  four  fupeifior  ones,  being" 
placed  immediately  next  above  the  earth.  It  is  ufually 
denoted  by  this  charaCler  ^ , being  a mark  rudely 
formed  from  a man  holding  a fpear  protruded,  repre- 
fentinpf  the  uod  of  w^ar  of  the  fame  name. 

O >0  ^ 

The  mean  diftance  of  Mars  from  the  fun,  is  1524  of 
thofe  parts,  of  wTich  the  diftance  of  the  earth  from  the 
fun  is  loop  ; his  excentricity  14 1 ; and  his  real  diftance 
145  millions  of  miles.  The  inclination  of  his  orbit 
to  the  plane  of  the  ecliptic,  is  1°  52/  ; the  length  of 
his  year,  or  the  period  of  one  revolution  about  the  fun, 
is  686H  of  pnr  days,  or  6674:  of  his  owm  days,  which 
are  40  minutes  longer  than  ours,,  the  revolution  on  his 
axis  being  performed  in  24  hours  40  minutes.  His 
mean  diameter  is  4444  miles  ; and  the  fame  feen  from 
the  fun  is  11^' : the  inclination  of  the  axis  to  his  orbit 
o®  o'  ; the  inclination  of  his  orbit  to  the  ecliptic 
1°  52';  place  of  the  aphelion  Rg  0“^  32^ ; place  of  his 
afeending  node  ^ 17°  17H  and  his  parallax,  accord- 
ing to  Dr.  Hook  and  Mr.  Elamlleed,  is  fcarce  30  fe- 
conds. 

Dr.  Flook,  in  1665,  obferv^ed  feveral  fpots  in  Mars  ; 
vftiich  having  a motion,  he  concluded  the  planet  turned 
round  its  centre.  In  1666,  M.  Caftini  obferved  feveral 
fpots  in  the  two  faces  or  hemifphcres  of  Mars,  which  he 
found  made  one  revolution  in  24honrs  4ominut€s. 
Thefe  obfervations  were  repeated  in  1 670,  and  confirmed- 
by  Miraidi  in  1704,  and  1719  : whence  both  the  mo- 
tion and  period,  or  natural  day,  of  that  planet,  were! 
determined. 

In  the  Fhilof.  Tranf.  for  1781,  Mr.  Herfchel  gave  a' 
feries  of  obfervations  on  the  rotation  of  this  planet 
about  its  axis,  from  which  he  concluded  that  one  mean 
fidereal  rotation  was  between  24  h.  39  rn.  5 fee.  and 
24  h.  59  m.  22  fee.  ; and  in  the  Philof.  Tranf.  for 
1784,  is  given  a paper  by  the  fame  gentleman,  on  the 
remarkable  appearances  at  tlie  polar  regions  of  the  pla- 
net Mars,  tlie  inclination  of  its  axis,  the  pofition  of  its 
poles,  and  its  fplieroidical  figure  ; with  a few  hints  re- 
lating to  its  real  diameter  and  atmofphere,  deduced  from. 
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his  obfervations  taken  from  the  year  1777  17^3 

inclniivcly.  He  obferved  feveral  remarkable  briglit 
fpots  near  both  poles,  which  had  fome  fmall  motion  ; 
and  tlie  refults  of  his  obfervations  are  as  follow  j 

mzy 

Inclination  of  axis  to  the  ecliptic,  59°  22k  ^ 

The  node  of  the  axis  is  in  X *7°  47^* 

Obliquity  of  the  planet’s  ecliptic  28°  42^. 

The  point  Aries  on  Mars’s  ecliptic  anfwers  to  our 
^ icf  28k 

The  figure  of  Mars  is  that  of  an  oblate  fpheroid, 
whofe  equatorial  diameter  is  to  the  polar  one,  as  1355 
€01272,  or  as  16  to  15  nearly. 

The  equatorial  diameter  of  Mars,  reduced  to  the 
mean  diftance  of  the  earth  from  the  lun,  is  9^'  8''''''. 

And  the  planet  has  a confiderable,  but  moderate  at- 
mofphere,  fo  that  its  Inhabitants  probably  enjoy  a 
iituation  in  many  refpefts  fimilar  to  ours.” 

Mars  always  appears  with  a ruddy  troubled  liglit; 
owing,  it  is  fuppofed,  to  the  nature  of  his  atmofphere, 
through  which  the  light  paffes. 

In  the  acronical  rifing  of  this  planet,  or  when  m op- 
pofition  to  the  fun,  it  is  five  times  nearer  to  us  than 
w hen  in  conjundlion  with  him  ; and  fo  appears  much 
larger  and  brighter  than  at  other  times. 

Mars,  having  his  light  from  the  fun,  and  revolving 
round  it,  has  an  increafe  and  decreafe  like  the  moon  : 
it  may  aifo  be  obferved  almolh  bifedled,  when  in  the 
quadratures,  or  in  perigeeon  ; but  is'  never  feen  cor- 
nicular,  as  the  inferior  planets.  All  which  fhews  both 
that  his  orbit  includes  that  of  the  earth  wfithin  it,  and 
that  he  fiiines  not  by  his  own  light. 

MARTIN  (Benjamin),  w^as  born  in  1704, 
and  became  one  of  the  moll  celebrated  mathe- 
maticians and  opticians  of  his  time.  He  firfi;  taught 
a fchool  in  the  country  ; but  afterwards  came  up  to 
London,  where  he  read  le6lures  on  experimental  phi- 
lofophy  for  many  years,  and  carried  on  a very  extenfive 
trade  as  an  optician  and  globe-maker  in  Ileet-ftreet,  till 
the  growing  infirmities  of  old  age  compelled  him  to 
withdraw  from  the  adlive  part  of  bufinefs.  Trufting 
too  fatally  to  what  he  thought  the  integrity  of  others, 
he  unfortunately,  though  with  a capital  more  than  fuf- 
ficient  to  pay  all  his  debts,  became  a bankrupt.  The 
unhappy  old  man,  in  a moment  of  defperation  from 
this  unexpedled  firoke,  attempted  to  defiroy  himfelf  ; 
and  the  wound,  though  not  immediately  mortal,  haf- 
tened  his  death,  which  happened  the  9th  of  February 
1782,  at  78  years  of  age. 

He  had  a valuable  colleftion  of  foffils  and  curiofities 
of  almoft  every  fpecies  ; which  after  his  death  w^ere  al- 
moft  given  away  by  public  audtion.  He  was  indefati- 
gable as  an  artill,  and  as  a writer  he  had  a very  happy 
method  of  explaining  his  fubjed,  and  wrote  wuth  clear- 
nefs,  and  even  confiderable  elegance.  He  w'as  chiefly 
eminent  in  the  fcience  of  optics  ; but  he  w^as  w^ell  fleilled 
in  the  whole  circle  of  tlie  mathematical  and  philofoplii- 
cal  fciences,  and  wu'ote  ufeful  books  on  every  one  of 
them ; though  he  was  not  dillinguiflied  by  any  remark- 
able inventions  or  difeoveries  of  his  own.  His  publica- 
tions w'erc  very  numerous,  and  generally  ufeful;  fome 
of  the  principal  of  them  were  as  follow  : 

The  Philofophical  Grammar ; being  a View  »f  the 
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prefent  vState  of  Experimental  Phyfiology,  or  Natural 
Philofophy,  1735,  8vo. — A new,  complete,  and  uni- 
verfal  Syllem  or  Body  of  Decimal  A rithmetic,  1735, 
8vo. — The  Young  Student’s  Memorial  Book,  or  Poc- 
ket Library,  J735,  8vo. — Defeription  and  Ufe  of  both 
the  Globes,  the  Armillary  Sphere  and  Orrery,  Trigo- 
nometry, 1736,  2 vols.  8vo. — Syftem  of  the  Newto- 
nian Philofophy,  1759,  3 — New'-  Elements  of 

Optics,  1759. — Mathematical  Inftitutions,  1764,  2 vols. 

- — Philologic  and  Philofophical  Geography,  1 759. 
—-Lives  of  Philofophers^  their  inventions,  &c.  1764. 
— Young  Gentleman  and  Lady’s  Philofophy, 

3 vols. — Mifcellaneous  Correfpondence,  1764,  4vols. — . 
Inilitutions  of  Aflronomical  Calculations,  3 parts,  1765. 
— Introdudlion  to  the  Newtonian  Philofophy,  1765. — • 
Treatife  of  Logarithms. — Treatife  on  Navigation. — « 
Defeription  and  Ufe  of  the  Air-pump. — Defeription 
of  the  Torricellian  Barometer. — Appendix  to  the  Ufe 
of  the  Globes. — Philofophia  Britaimica,  3 vols. — Prin- 
ciples of  Pump-work. — Theory  of  the  Hydrometer. — . 
Defeription  and  Ufe  of  a Cafe  of  Mathematical  Inftru- 
ments. — Ditto  of  a Univerfal  Sliding  Rule. — Micro- 
graphia,  on  the  Microfeope. — Principles  of  Perfpedlive. 

■ — Courfe  of  Ledlures. — Optical  Effays. — Effay  on 
EleUricity. — Effay  on  Vifual  Glaffes  or  Spe6lacles.— 
Horologia  Nova,  or  New  Art  of  Dialling. — Theory  of 
Comets. — Nature  and  Conflrudlion  of  Solar  Eclipfes. 

- — Venus  in  the  Sun. — The  Mariner’s  Mirror. — Ther- 
mometrum  Magnum.- — Survey  of  the  Solar  Syflem.— 
Effay  on  Ifland  Chryflal. — Logarithmologia  Nova^ 
&c.  &c. 

MASCULINE  Signs.  Aflrologers  divide  the  Signs, 
&c,  into  Mafeuline  and  Feminine  ; by  reafon  of  their 
qualities,  wdiich  are  either  adtive,  and  hot,  or  cold, 
accounted  Mafeuline  ; or  paflive,  dry,  and  moiff,  which 
are  feminine.  On  this  principle  they  call  the  Sun,  Ju- 
piter, Saturn,  and  Mars,  Mafeuline  ; and  the  Moon 
and  Venus,  feminine.  Mercury,  they  fuppofe,  par- 
takes of  the  twm.  Among  the  Signs,  they  account 
Arles,  Libra,  Gemini,  Leo,  Sagittarius,  and  Aquarius, 
Mafeuline  ; but  Cancer,  Capricornus,  Taurus,  Virgo, 
Scorpio,  and  Pifees  are  feminine. 

MASS,  the  quantity  of  matter  in  any  body.  This 
is  rightly  eftlmated  by  its  w^eight ; whatever  be  its 
figure,  or  wdiether  its  bulk  or  magnitude  be  large  or 
fmall. 

MATERIAL,  relating  to  Matter. 
MATHEMATICAL,  relating  to  Mathematics. 

Math  EM  AT  I CAL  SeBy  is  One  of  the  tw^o  leading 
philofophical  fedls,  which  arofe  about  the  beginning 
of  the  17th  centuiy  the  other  being  the  Metaphy- 
fical  fe6l.  The  former  directed  its  refearclies  by  the 
principles  of  Gaffendi,  and  fought  after  truth  by  ob- 
fervation  and  experience.  The  difciples  of  this  fe6f 
denied  the  poffibility  of  ereUIng  on  the  bafis  of  me- 
taphyfical  and  abflradl  truths,  a regular  and  folid  fyflem 
of  philofophy,  wuthout  the  aid  of  afiiduous  obfervation 
and  repeated  experiments,  which  are  the  mofl  natural 
and  effedlual  means  of  philofophical  progrefs  and  im- 
provement. The  advancement  and  reputation  of  this 
ledt,  and  of  natural  knowdedge  in  general,  were  much 
owing  to  the  plan  of  phllofophizing  propofed  by  lord 
Bacon,  to  the  eftablilhmeut  of  the  Royal  Society  in 

London, 


■London,  to  tlie  genius  and  induftry  of  Mr.  Boyle, 
and  to  the  unparalleled  refearches  and  difcoverics  of 
Sir  I faac  Newton.  Barrow,  Wallis,  Locke,  and  many 
otlier  great  luminaries  in  learning,  adorned  this  fcdt. 

MATHEMATICS,  the  fcience  of  quantity  ; or  a 
fcience  that  confiders  magnitudes  either  as  computable 
or  meafurable. 

The  word  in  its  original,  /L/.'x.9v!<Tic,  fnathefis^  figni- 
fles  d'lJapTine  or  fcience  in  general ; and,  it  leems,  has 
been  applied  to  the  dotlrine  of  quantity,  either  by  way 
of  eminence,  or  becaufe,  this  having  the  ftart  of  all 
other  fcicnces,  the  reil  took  their  common  name  from  it. 

As  to  the  origin  of  the  alathematics,  Jedephiis  dates 
it  before  the  Hood,  and  makes  the  fons  of  Seth 
obfervers  of  tlie  courfe  and  order  of  the  heavenly  bo- 
dies ; he  adds,  that  to  perpetuate  their  difeoveries,  and 
fecure  them  trom  the  inluries  either  of  a delime  or  a 

^ J O 

conHagration,  they  had  them  engraven  on  two  pillars, 
the  one  of  Hone,  the  other  of  biick  ; the  former  of 
which,  he  fays,,  was  yet  {landing  in  Syria  in  his  time. 

Indeed  it  is  pretty  generally  agreed  that  the  firft 
cultivators  of  Matliematics,  after  the  flood,  were  the 
AiTyrians  and  Chaldeans  ; from  vvliom,  Jofephus  adds, 
the  fcience  was  carried  by  Abraham  to  the  Egyptians  ; 
wflio  proved  fuch  notable  profleients,  that  Ariilotle 
even  fixes  the  firit  rile  of  Mathematics  among  them. 
From  Egypt,  584  years  before  Chrift,  Mathematics 
paiTed  into  Greece,  being  carried  thither  by  Thales  ; 
who  having  learned  geometry  of  the  Egyptian  priefls, 
taught  it  in  his  own  country.  After  Thales,  came 
Pythagoras ; who,  among  other  Mathematical  arts, 
paid  a particular  regard  to  arithmetic  ; drawnng  the 
greateil  part  of  his  philofophy  from  numbers.  He 
was  the  find,  according  to  Laertius,  w'ho  abftradled 
geometry  from  matter;  and  to  him  we  owe  the  doc- 
trine of  iiicommenfurable  magnitude,  and  the  five  re- 
gular bodies,  befides  the  firft  principles  of  mufic  and 
aftronomy.  To  Pythagoras  fucceeded  Anaxagoras, 
Oenopides,  Brifo,  Antipho,  and  Hippocrates  of  Scio  ; 
all  of  whom  particularly  applied  themfelves  to  the  qua- 
drature of  the  circle,  the  duplicature  of  the  cube,  &c  ; 
but  the  laft  with  moft  fuccefs  of  any:  he  is  alfo  men- 
tioned by  Proclus,  as  the  firft  vrho  compiled  elements 
of  Mathematics. 

Democritus  excelled  in  Mathematics  as  well  as  phy- 
fics  ; though  none  of  his  works  in  either  kind  are 
extant ; the  deftrudtion  of  which  is  by  fome  authors 
aferibed  to  Ariilotle.  The  next  in  order  is  Plato,  who 
not  only  improved  geometry,  but  introduced  it  into 
phyfics,  and  fo  laid  the  foundation  of  a ioiid  philofo- 
phy. From  his  fchool  arofe  a croevd  of  mathemati- 
cians. Proclus  mentions  13  of  note;  among  whom  was 
Leodarnus,  who  improved  the  analylis  firft  invented  by 
Plato;  Thesetetus,  who  wrote  Elements;  and  Archytas, 
who  has  the  Credit  of  being  the  firft  that  applied  Ma- 
thematics to  Life  in  lire.  Thefe  were  fucceeded  by 
Neocles  and  Theon,  the  laft  of  whom  contributed  to 
the  elements.  Eudoxus  excelled  in  arithmetic  and 
geometry,  and  was  the  firft  founder  of  a fyilem  of 
aftronomy.  Menecjimus  invented  the  conic  fedlions, 
and  Theudius  and  Hermotimus  improved  the  elements. 

For  Ariilotle,  liis  works  arc  fo  ftored  wdtb  Mathema- 
tics, that  Blancanus  compiled  a whole  book  of  them  : 
out  of  his  fchool  came  Eudeinus  and  Tiieophraftus ; 
VoL.  IL 


the  firft  of  wmom  wrote  upon  numbers,  geometry,  and 
invifible  lines  ; and  the  latter  compofed  a msathemati- 
cal  hiftory.  To  Arifteus,  Ifidorus,  and  Hypficles^ 
we  owe  tlie  books  of  Solids  ; which,  with  the  either 
books  of  Elements,  were  .improved,  collefled,  and  me- 
thodifed  by  Euclid,  who  died  284  years  before  the  birth 
of  Chrift. 

A Iiimdred  years  after  Euclid,  came  Eratofthenes 
and  Archimedes  : and  contemporary  with  the  latter 
was  Conon,  a geometrician  and  aftronomer.  Soon 
after  came  Apollonius  Pergaeus  ; whofe  excellent 
conics  arc  ftill  extant.  To  him  are  alio  aferibed  the 
]4th  and  15th  books  of  Euclid,  and  which,  it  is  faid, 
were  contracted  by  liypficies.  Hipparchus  and  Me- 
iielaus  wrote  on  the  iubtenfes  of  the  arcs  in  a circle  ; 
and  the  latter  alio  on  fpherical  triangles.  Tlieodo- 
fius’s  3 books  of  Spherics  are  ftill  extant.  And  all 
thefe,  JMenelaiis  excepted,  lived  before  Chrift. 

Seventy  years  after  Chrift,  was  born  Ptolomy  of 
Alexandria  ; a good  geometrician,  and  tlie  prince  of 
aftronomers  : to  him  fucceeded  the  philofopher 
Plutarch,  fome  of  wliofe  Mathematical  problems  are 
ftill  extant.  After  him  came  Eutocius,  who  com- 
mented on  Archimedes,  and  occafionally  mentions  the 
inventions  of  Philo,  Diodes,  Nicomedes,  Sponis,  and 
Heron,  on  the  duplicature  of  the  cube.  To  Cteiebes 
of  Alexandria  we  are  indebted  for  pumps  ; and  Gemi- 
nus,  who  lived  loon  after,  is  preferred  by  Proclus  to 
Euclid  himfelf. 

Diopliantus  of  Alexandria  was  a great  mailer  of 
numbers,  and  the  firft  Greek  writer  on  Algebra.  Among 
others  of  the  Ancients,  Nicomachus  is  celebrated  for 
his  arithmetical,  geometrical,  and  mufical  wmrks  ; Se- 
renus,  for  his  books  on  the  fedion  of  the  cylinder  ; 
Proclus,  for  his  commentaries  on  Euclid;  and  Theon 
has  the  credit  among  fome,  of  being  author  of  the 
books  of  elements  aferibed  to  Euclid.  The  laft  to  be 
named  among  the  Ancients,  is  Pappus  of  Alexandria, 
who  floiirilhed  about  the  year  of  Chrift  400,  and  is 
juftly  celebrated  for  his  books  of  Mathematical  collec- 
tions, ftill  extant. 

Mathematics  are  commonly  diftinguifhed  into  Spe^^ 
culatroe  and  PradicaU  Pure  and  Mixed. 

Specidcitive  Mathematics,  is  that  which  barely 
contemplates  the  piopertles  of  things  : and 

P radical  Mathematics,  that  which  applies  the 
knowledge  of  thofe  properties  to  fome  ufes  in  life. 

Pure  Mathematics  is  that  branch  which  confiders 
quantity  abftradedly,  and  without  any  relation  to 
matter  or  bodies. 

Mixed  Mathematics  confiders  quantity  as  fubfift- 
ing  in  material  being  ; for  inftance,  length  in  a pole, 
depth  in  a river,  height  in  a tower,  &c.  * 

Pure  Mathematics^  again,  either  confiders  quantity  as 
dlfcrete,  and  fo  computable,  as  arithmetic  ; or  as  con- 
crete, and  fo  rneafureable,  as  geometry. 

Mixed  Mathematics  are  very  extenfive,  and  are  diftiu- 
gulflied  by  various  names,  according  to  the  different 
fubjefts  it  confiders,  and  the  different  views  lii  which 
it  is  taken  ; fuch  as  Aftronomy,  Geography,  Optics, 
Hydroftatlcs,  Navigation,  &c,  &c. 

Pure  Mathematics  has  one  peculiar  advantage,  that 
it  occafions  no  contells  among  wrangling  difputants, 
as  happens  in  other  branches  of  knowledge  ; and  the 
M reafofi 
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reafon  is,  becaufe  the  definitions  of  the  terms  are  pre- 
iTiifed,  and  every  perfon  that  reads  a propofition  has  the 
fame  idea  of  every  part  of  it.  Hence  I't  is  eafy  to  put 
an  end  to  all  mathematical  controverfies,  by  fl.ie\^ung, 
either  that  our  adverfary  has  not  ftuck  to  his  definitions, 
or  has  not  laid  down  true  premifes,  or  elie  that  lie  has 
drawn  falfe  conclufions  from  true  principles  5 aiid  m 
cafe  we  are  not  able  to  do  either  of  thefe,  we  muit  ac- 
knowledge the  truth  of  what  he  has  pioved. 

It  is  true,  that  in  mixed  Mathematics,  where  wc 
reafon  mathematically  upon  phyheal  fubjedls,  fuch 
iiift  definitions  cannot  be  given  as  in  geometry  : wg 
mull  therefore  be  content  with  defcriptions ; which 
will  be  of  the  fame  uie  as  definitions,  provided  we  be 
confiilent  with  ourfelves,  and  always  mean  the  fame 
thing  by  thofe  terms  we  have  once  explained. 

' Bn  Barrow  gives  a very  elegant  defeription  of  the 
excellence  and  ufefulnefs  of  mathematical  knowledge, 
in  hTs  inaugural  oration,  upon  being  appointed  Pro- 
feffor  of  Mathematics  at  Cambridge.  The_  Mathema- 
tics, he  ohferves,  effectually  exeicile,  ^not  vainly  delude, 
nor  vexation  fly  torment  ftudious  minds  w ith  obi  cure 
fubtilties,  but  plainly  d'emonftrate  every  thing  within 
their  reach,  draw  certain  conelufions,  inllruCb  by  ^pro- 
fitable rules,  and  unfold  pleafant  quelllons.  Thefe 
difeiplines  likewife  enure  and  corroborate  the  mind  to 
a confiant  diligence  in  Itudy  ; they  wholly  deliytn*  us 
from  a credulous  fimplicity,  moil  ftrongly  fortify  ua 
aeainll  the  vanity  of  fcepticifm.,  effeaually  rellram  us 
from  a rafli  preiumption,  moll  eafily  incline  us  to  a due 
affent,  and  perfedly  fubjea  us  to  the  government  of 
rVht  reafon.  While  the  mind  is  abllraaed  and  eleva- 
ted from  ienfible  matter,  dilllnaiy  vieiys  pure  forms, 
conceives  the  beauty  of  ideas,  and  invelligates  the  har- 
mony of  proportions  ; the  manners  themfelves  are  fenfi- 
bly  correaed  and  improved,  the  affeaioiis  compofed  and 
reaified,  the  fancy  calmed  and  fettled,  and  the  under- 
Handing  raifed  and  excited  to  more  divine  contempla- 

tiioris* 

M*ATTER,  an  extended  fubllance.  Other  proper- 
ties of  Matter  are,  that  it  refills,  is  folid,  divifible, 
moveable,  paffive,  &c  and  it  forms  the  principles  of 

which  all  bodies  are  compofed.  • • 1 

Matter  and  form,  the  two  iimple  and  original  prin- 
ciples of  all  things,  according  to  the  Ancients,  com- 
pofmg  fome  fimple  natures,  which  they  called  Elements  ( 
from  the  various  combinations  of  which  all  natural 

things  wero  afterwards  compofed. 

Br.  Woodward  was  of  opinion,  that  Matter^  is 
originally  and  really  various,  being  at  firfl  creation 
divided  into  feveral  ranks,  fets,  or  kinds  of  corpufcles, 
differing  in  fubllance,  gravity,  hardnefs,  flexibility, 
figure  fize,  &c  ; from  the  various  compofitions  and 
combinations  of  which,  he  thinks,  arife  all  the  varie- 
ties in  bodies  as  to  colour,  hardnefs,  gravity,  taffes, 

But  it  is  Sir  Ifaac  Newton’s  opinion,  that  all  thofe  dir- 
ferences  refult  from  the  various  arrangements  of  the 
fame  Matter;  which  he  accounts  homogeneous  and 

Hiiniform  in  all  bodies.  ^ ^ 

The  quantity  of  Matter  in  any  body,  is  its  mcaiure 

arifing  from  the  joint  confideration  of  the  magnitude 
and  denfity  of  the  body  ; as  if  one  body  be  twice  as 
denle  as  another,  and  alfo  occupy  twice  the  fpace,  then 
contain  4 times  the  Matter  of  the  other.  This 


quantity  of  Matter  is  bell  difeovered  by  the  weight  or 
gravity  of  the  body,  to  which  it  is  always  proportional, 
Newton  ohferves,  that  “ it  feems  probable,  God,  in< 
the  beginning,  formed  IVIatter  in  folid,  ^malfy,  hard, 
impenetrable,  moveable  particles,  of  fuch  fizes,  figuresj 
and  with  fuch  other  properties,  and  in  fuch  proportion 
to  fpace,  as  moil  conduced  to  the  end  for  v/hich  he 
formed  them  ; and  that  thefe  primitive  particles,  being 
folid,  are  incomparably  harder  than  any  porous  bodies 
compounded  of  them ; even  fo  very  hard,  as  never  to 
wear,  and  break  in  pieces  : no  ordinary  power  being, 
able  to  divide  what  God  himfelf  made  one  in  the  firll 
creation.  While  the  particles  continue  entire,  they 
may  compofe  bodies  of  one  and  the  fame  nature  and 
texture  in  all  ages ; but  fliould  they  v/ear  away,  01- 
break  in  pieces,  the  nature  of  things  depending  on  them, 
would  be  changed.  Water  and  earth,  compofed  o£' 
old  worn  particles,  would  not  be  oi  the  fam'^  nature 
and  texture  now  with  water  and  earth  compofed  of  en- 
tire partides  in  the  beginning.  And  therefore,  that 
nature  may  be  lafting,  the  changes  of  corporeal  things 
are  to  be  placed  only  in  the  various  feparations  and: 
new  affociations-  and  motions  of  thefe  permanent  par-, 
tides  ; compound  bodies  being  apt  to  break,  notin  the 
midft  of  folid  particles,  but  where  thofe  particles  are 
laid  together,  and  touch  in  a few  points.  It  feems. 
farther^  he  continues,  that,  thefe  particles  have  not  only- 
a.  vis  inertia,  accompanied  with  fuch  paffive  laws  of“ 
motion,  as  naturally  refult  from  that  force,  but  alfo,. 
that  they  are  moved  by  certain  adive  principles,  fuch 
as  is  that  of  gravity,  and  that  whicu  caufeth  feimenta-- 
tion,  and,  the  cohefioii  of  bodies.  Thefe  principles  are 
to  be  conhdered  not  as  occult  qualities,  fuppofed  to  re- 
fult from,  the  fpeciiie  forms  of  things,  but  as  geneial 
laws  of  nature,  by  which  the  things  themfelves  are 
formed ; their  truth  appearing  lo  us  by  phenomena^,, 
though  their  eaufes  are  not  yet  difeovered.” 

Hobbes,  Spinoza,  &c,  maintain  that  all  the  beings 
in  the  univerfe  are  material,  and  that^  their  differ-. 
ences  arife  fi*om  their  different  modifications,  motions, 
&c.  Thus  they  conceive  that  Matter  extremely  fub- 
tile,  and  in  a brifle  motion,  may  think  ; and.fo  they^ 
exclude  fpirit  out  of  the  world. 

Biv  Berkley,  on  the  contrary,  argues  againff  the  exiit^. 
ence  of  Matter  itfelf ; and  endeavours  to  prove  that  it  is 
a mere  f/vj’  Tcitionis^  and  has  no  exiftence  out  of  the  mind.^ 
Some  late  philofophers  have  advanced  a new  hypo- 
thefis  concerning  the  nature  and  effential  properties  of 
Matter.  The  firfl  of  thefe  who  fiiggefted,  or  at  leaff 
publiflied  an  account  of  this  hypothefis,  was  M.  Bof- 
covich,  in  his  Theoria  Philofophise  Naturalis.  He 
fuppofes  that  Matter  is  not  impenetrable,  but  that  it 
confifts  of  phyfical  points  only,  endued  with  powers 
of  attradion  and  repulfion,  taking  place  at  different 
diftances,  that  is,  furrounded  with  various  fpheres  of 
attradlion  and  repulfion  ; in  the  fame  manner  as  folid 
Matter  is  generally  fuppofed  to  be.  Provided  there- 
fore that  any  body  move  with  a fufficient  degree  of 
velocity,  or  have  fufficient  momentum  to  overcome  any 
power  of  repulfion  that  it  may  meet  with,  it  will  find 
no  difficulty  in  making  its  way  through  any  ^ body 
whatever.  If  the  velocity  of  fuch  a body  in  motion  be 
fufficiently  great,  Bofcovich  contends,  that  the  particles 
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moved  out  of  tlieir  place  by  it.  With  a degree  of 
velocity  fomething  lets  than  this,  they  will  be  confi- 
derably  agitated,  and  ignition  might  perhaps  be  the 
confequencc,  though  the  progrefs  of  the  body  in  mo- 
.tion  would  not  be  fenfibly  interrupted ; and  with  a Hill 
-lefs  momentum  it  might  not  pafs  at  all. 

Mr.  Michell,  Dr.  Prieftley,  and  fome  others  of  our 
own  country,  are  of  the  fam.e  opinion.  See  Prieftley’s 
Hiftory  of  Difcoveries  relating  to  Light,  pa.  390. — 
In  confonnity  to  this  hypothefis,  this  author  main- 
tains, that  Matter  is  not  that  inert  fubilance  that  it 
has  been  fuppofed  to  be ; that  powers  of  attraction  or 
repuhion  are  neceffary  to  its  very  being,  and  that  .no 
part  of  it  appears  to  be  impenetrable  to  other  parts. 
Accordingly,  he  defines  Matter  to  be  a fubftance,  pof- 
feffed  of  the  property  of  extenfion,  and  of  powers  of 
.attraction  or  repulfion,  which  are  not  diftinCt  from 
Matter,  and  foreign  to  it,  as  it  has  been  generally 
imagined,  but  abfolutely  effential  to  its  very  nature 
and  being : fo  that  when  bodies  are  divefted  of  thefe 
powers,  they  become  nothing  at  all.  In  another  place. 
Dr.  Prieltley  has  given  a fomewhat  different  account 
of  Matter  ; according  to  which  it  is  only  a number  of 
centres  of  attraction  and  repulfion  ; or  more  properly 
of  centres,  not  divifibie,  to  which  divine  agency  is 
directed  ; and  as  fenfation  and  thought  are  not  incom- 
patible with  thefe  powers,  folidity,  or  impenetrability, 
and  confequently  a vis  inertia;  only  having  been  thought 
repugnant  to  them,  he  maintains,  that  we  have  no  rea-- 
fon  to  fuppofe  that  there  are  in  man  two  fubftances 
ablolutely  diftinCt  from  each  other.  See  Difquifitions 
on  Matter  and  Spirit. 

But  Dr.  Price,  in  a correfpondence  with  Dr.  Prieft- 
ley,  publiftied  under  the  title  of  A Free  Difciifilon  of 
the  DoCtrines  of  Matcrialifm  and  Philofophical  Ne- 
ceffity,  1778,  has  fuggefted  a variety  of  unanfwerable 
objections  againft  this  hypothefis  of  the  penetrability 
of  Matter,  and  againft  the  conclufions  that  are  drawn 
from  it.  The  vis  inertiae  of  Matter,  he’ fays,  is  the 
foundation  of  all  that  is  demonftrated  by  natural  phi- 
lofophers  concerning  the  laws  of  the  collifion  of  bodies. 
This,  in  particular,  is  the  foundation  of  Newton’s  phi- 
lofophy,  and  efpecially  of  his  three  laws  of  motion. 
Solid  Matter  has  the  power  of  aCting  on  other  Matter 
by  impulfe ; but  unfolid  Matter  cannot  aCt  at  all  by 
impulie ; and  this  is  the  only  way  in  which  it  is  capable 
of  aCling,  by  any  aCfcion  tliat  is  properly  its  own.  If 
it  be  faid,  that  one  particle  of  Matter  can  aCI  upon 
another  without  contaCl  and  impulfe,  or  that  Matter 
can,  by  its  own  proper  agency,  attracl  or  repel  other 
Matter  which  is  at  a diftance  from  it,  then  a maxim 
hitherto  univerfally  received  muff  be  falfe,  that  “ no- 
thing can  aCt  where  it  is  not.”  Newton,  in  his  letters 
to  Bentley,  calls  the  notion,  that  Matter  pollefi’es  an 
innate'  power  of  attraction,  or  that  it  can  aCt  upon 
Matter  at  a diftance,  and  attraCl  and  repel  by  its  own 
agency,  an  abfurdity  into  which  he  thought  no  one 
could  poffibly  fall.  And  in  another  place  he  expreff- 
ly  difclaims  the  notion  of  innate  gravity,  and  has 
taken  pains  to  fhew  that  he  did  not  take  it  to  be  an 
effential  property  of  bodies.  By  the  fame  kind  of  rea- 
foning  purfued,  it  mull  appear,  that  Matter  has  not 
the  power  of  attracting  and  repelling  ; that  this  power 
is  the  power  of  fome  foreign  caufe,  ading  upon  Mat- 


ter according  to  ftated  laws  ; and  confequently  that 
attradion  and  repulfion,  not  being  aCtions,  much  lefs 
inherent  qualities  of  Matter,  as  fiich,  it  ought  not  to 
be  defined  by  them.  And  if  Matter  has  no  other  pro- 
perty, as  Dr.  Prieftley  afferts,  than  the  power  of  at- 
trafting  and  repelling,  it  miift  be  a non-entity  ; be- 
caufe  this  is  a property  that  cannot  belong  to  it.  Be- 
fides,  all  power  is  the  power  of  fom.ething  ; and  yet  if 
Matter  is  nothing  but  this  power,  it  muft  be  the 
power  of  nothing  ; and  the  very  idea  of  it  is  a con- 
tradiction. If  Matter  be  not  folid  extenfion,  what  can 
it  be  more  than  mere  extenfion  ? 

Farther,  Matter  that  is  not  folid,  is  the  fame  with 
pore  ; and  therefore  it  cannot  poffefs  what  philofophers 
mean  by  the  momentum  or  force  of  bodies,  which  is 
always  in  proportion  to  the  quantity  of  Matter  in  bo- 
dies, void  of  pore.  , 

MAUNDY  Thursday,  is  the  Thurfday  in  Paftloii 
week  ; which  was  called  Maundy  or  Mandate  Thurfday^ 
from  the  command  which  Chrift  gave  his  apoftles  to 
commemorate  him  in  the  Lord’s  Supper,  which  he  this 
day-  inftituted  ; or  from  the  new  commandment  which 
he  gave  them  to  love  one  another,  after  he  had  wafiied 
their  feet  as  a token  of  his  love  to  them. 

MAUPERTUIS  (Peter  Louis  Morceau  de), 
a celebrated  French  mathematician  and  philofopher, 
was  born  at  St  Malo  in  1698,  and  was  there  privately 
educated  till  he  attained  his  i6th  year,  wdien  he  was 
placed  under  the  celebrated  profeffor  of  philofophy, 
M.  le  Blond,  in  the  college  of  la  Marche,  at  Paris  ; 
while  M.  Guifnee,  of  the  Academy  of  Sciences,  was 
liis  inftruCtor  in  mathematics.  For  this  fcience  he 
foon  difeovered  a ftrong  inclination,  and  particularly  for 
geometry.  He  likewife  pradifed  inftrumental  mufic 
in  his  early  years  with  great  fuccefs  j but  fixed  on  no 
profeflion  till  he  was  20,  when  he  entered  into  the 
army  ; in  which  he  remained  about  5 years,  during 
which  time  he  purfued  his  mathematical  ftudies  with 
great  vigour  ; and  it  was  foon  remarked  by  M.  Freret 
and  other  academicians,  that  nothing  but  mathematics 
could  fatisfy  his  adiye  foul  and  unbounded  thirft  for 
knowledge. 

In  the  year  1723,  he  was  received  into  the  Royal 
Academy  of  Sciences,  and  read  his  firft  performance, 
which  was  a memoir  upon  the  conftrudion  and  form 
of  mufical  inftruments.  During  the  firft  years  of  his 
admiffion,  he  did  not  wholly  confine  his  attention  to 
mathematics  ; he  dipt  into  natural  philofophy,  and  dif- 
eovered great  knowledge  and  dexterity  in  obfervations 
and  experiments  upon  animals. 

If  the  cuftom  of  travelling  into  remote  countries, 
like  the  fages  of  antiquity,  in  order  to  be  initiated  into 
the  learned  myfteries  of  thofe  times,  had  ftill  fubfifted, 
no  one  would  have  conformed  to  it  with  more  eager- 
nefs  than  Maupertuis.  His  firft  gratification  of  this 
paffion  was  to  viiit  the  country  which  had  given  birth 
to  Newton  ; and  during  his  refidence  at  London  he 
became  as  zealous  an  admirer  and  follower  of  that  phi- 
lofopher as  any  one  of  his  own  countrymen.  His  next 
excurfion  was  to  Bafil  in  Switzerland,  where  he  formed 
a friendftiip  with  the  celebrated  John  Bernoulli  and  hit 
family,  which  continued  till  his  death.  At  his  retura 
to  Paris,  he  applied  himfelf  to  his  favourite  ftudiet 
with  greater  zeal  thaa  ever.  And  how  well  he  ful- 
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filled  tlie  duties  of  an  academician,  may  be  feen  by 
running  over  tbe  Memoirs  of  the  Academy  from  the 
year  1724  to  1744;  where  it  appears  tl;at  he  v^^as 
neither  idle,  nor  occupied  by  objetts  of  frnall  impor- 
tance. Tile  moll  fublime  queitions  in  the  mathema- 
tical fciences,  received  from  his  hand  that  elegance, 
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clearnefs,  and  precifion,  fo  remarkable  in  all  his 


s writ- 


ings. 


In  the  year  I73A»  fent  to  the  polar  circle, 

to  meafure  a degree  of  the  meridian,  in  order  to  afcer- 
taia  the  iigiire  of  the  earth  ; in  which  expedition  he 
was  accompanied  by  Meff.  Clairault,  Camus,  Moiinier, 
Outhier,  and  Celfus  the  celebrated  profeiTor  of  ailro- 
nomy  at  Upfal.  This  biiiinefs  rendered  him  fo  famous, 
that  on  his^-eturn  he  was  admitted  a member  of  almoft 


every  academy  in  Europe. 


In  the  year  1740,  Maupertuis  had  an  invitation  from 


the  kiiv'^*  ot  Pruilia  to  go  to  Berlin  ; which  wa: 
flattering  to  be  refufed.  His  rank  among  men  of  let- 
ters had^not  wholly  eifaced  his  love  for  his  firil  pro- 
feillon,  that  of  arms.  He  followed  the  king  to  the 
held,  but  at  the  battle  of  Molvvitz  was  deprived  of 
the  pleafure  of  being  prefent,  when  victory  declared  in 
fa.vour  of  his  royal  patron,  by  a hngiilar  kind  of  adven- 
ture. His  horfe,  during  tlie  heat  of  the  adbon,  running 
a.way  with  him,  he  fell  into  the  iiands  of  the  enemy  5 
and  was  at  hrll  but  roughly  treated  by  lire  A-ukrian 
Huffars,  to  vrhorn  he  could  not  make  himfelf  Known 
for  want  of  language  ; but  being  carried  prifoner  to 
Vienna,  he  received  fiich  honours  from  the  emperor  as 
never  were  effaced  from  his  memory.  h^Iaiipertuis  la- 
mented very  much  the  iofs  of  a w'atcli  of  Nlr.  Grraham  s, 
the  celebrated  Englifh  artift,  which  they  had  taken 
from  him  ; the  emperor,  who  happened  to  have  ano- 
ther by  the  fame  artift,  but  enriched  with  diamonds, 
prefented  it  to  him,  faying,  “ the  Huffars  meant  only 
to  jeft  vdth  you,  they  "have  fent  me  your  watch,  and 
1 return  it  to  you.” 

He  went  foon  after  to  Berlin  ; but  as  the  reform  of 
the  academy  which  the  king  of  Prufiia  then  meditated 
v/as  not  yet  mature,  he  repaired  to  Paris,  where  his 
affairs  called  him,  and  was  chofen  in  1742  direeftor  of 
the  Academy  of  Sciences.-  In  174.3  was  received 
into  the  Erench  Academy  ; which  was  the  flrft  inftance 
of  the  fam.e  perfon  being  a member  of  both  the  aca- 
demies at  Paris  at  the  fame  time.  Maupertuis  again 
affumed  the  foldier  at  the  fiege  of  Fribourg,  and  was 
pitched  upon  by  marfhal  Coigny  and  the  count  cf  Ar- 
genfon  to  carry  the  news  to  the  French  king  of  the 
fiirrender  of  that  citadel. 

Maupertuis  returned  to  Berlin  in  the  year  1744, 
when  a marriage  was  negotiated  and  brought  about, 
by  the  good  offices  of  the  queen  mother,  between  our 
author  "and  madamoifelle  de  Borck,  a lady  of  great 
beautv  and  merit,  and  nearly  related  to  M.  de  Borck 
at  that  time  minifter  of  ftate.  This  determined  him 
to  fettle  at  Berlin,  as  he  v/as  extremely  attached  to 
Ills  new  fpoufe,  and  regaroed  tins  alliance  as  the  moft 
fortunate  circumftance  of  his  life. 

In  the  year  1746,  Maupertuis  was  declared,  by  the 
king  of  Pruffia,  Prefident  of  the  Royal  Academy  of 
Sciences  at  Berlin,  and  foon  after  by  the  fame  prince 
was  honoured  with  the  Order  of  Merit.  However, 
all  thefe  accumulated  honours  and  advantages,  fo  far 
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from  leffening  his  ardour  for  the  fciences,  feemed  to 
fiirnini  new  allurements  to  labour  and  application.  Not 
a day  paffed  but  he  produced  fome  new  project  or  effay 
for  the  advancement  of  knowledge.  |Nor  did  he  conhne 
himfelf  to  mathematical  ftudies  only:  metapliyfics, 
chemiftry,  botany,  polite  literature,  all  ffiared  his  at- 
tention, and  contributed  to  his  fame.  At  the  iarnc 
time  he  had,  it  feems,  a,  ftrange  inquietude  of  fpint* 
with  a dark  atrabilaire  humour,  which  rendered  him 
rniferablc  amidft  honours  and  pleaiures.  Such  a tem- 
perament did  not  promife  a pacific  life  ; and  he  was 
in  fabl  engaged  in  feverai  quarrels.  One  of  thele  ivas 
with  Koenig  the  profeffor  of  philofopliy  at  Franeker, 
and  another  more  terrible  with  Voltaire.  Maupertuis 
had  inierted  in  the  volume  of  Memoirs  of  the  Academy 
of  Berlin  for  1746,  a drfcourfe  upon  the  laws  of  mo- 
tion ; which  Koenig  was  not  content  with  attacking, 
but  attributed  to  Leibnitz.  Maupertuis,  ftimg  with 
the  imputation  of  plagiarifrn,  engaged  the  academy  ot 
Berlin  to  call  upon  him  for  his  proof ; which  Koenig 
failing  to  produce,  his  name  was  ftruck  out  of  the 
academy,  of  which  he  v/as  a member.  Several  pam- 
phlets ivere  the  confequence  of  this  meafure  : and  Vol- 
taire, for  fome  reafon  or  other,  engaged  in  the  quarrel 
againft  hlaupertuis.  We  fay,  for  fome  reafon  or  other  ; 
becaiife  Maupertuis  and  Voltaire  wmre  apparently  upon 
the  moil  amicable  terms  ; and  the  latter  refpebted  the 
former  as  his  miafter  in  the  mathematics.  Voltaire 
upon  this  occafion  exerted  all  his  wit  and  fatire  againft 
him  ; and  upon  the  rvhole  was  fo  much  tranfported 
beyond  what  was  thought  right,  that  he  found  it  ex- 
pedient in  [753  to  quit  the  court  of  Pruffia. 

Our  philofopher’s  conftitution  had  long  been  conff- 
derably  impaired  by  the  great  fatigues  of  various  kinds 
in  which  his  ablive  mind  had  involved  him  ; though 
from  the  amazing  hardfhips  he  had  undergone,  in  his 
northern  expedition,  moft  of  his  bodily  fuffermgs  may 
be  traced.  The  intenfe  ffiarpnefs  of  the  air  could  only 
be  fupported  by  means  of  ilrong  liquors  ; which  helped 
but  to  lacerate  his  lungs,  and  bring  on  a fpitting  of 
blood,  W'liich  began  at  lead  1 2 years  before  he  died. 
Yet  ftill  his  mind  feemed  to  enjoy  the  greateft  vigour  ; 
for  the  befit  of  his  writings  w^ere  produced,  and  moft 
fublime  ideas  developed,  during  the  time  of  his  con- 
finement by  fickneis,  when  he  was  unable  to  occu- 
py his  prefidial  chair  at  the  academy.  Fie  took  feverai 
journeys  to  St.  Malo,  during  the  lail  years  of  his  life, 
for  the  recovery  of  his  health  : and  though  he  always 
received  benefit  by  breathing  his  native  air,  yet  ftill, 
UDon  his  return  to  Berlin,  his  diforder  likewife  returned 

X ^ 

with  greater  violence.  His  laft  journey  into  France 
was  undertaken  in  the  year  1757  ; when  he  was 
obliged,  foon  after  his  arrival  there,  to  quit  his  favourite 
retreat  at  St.  Malo,  on  account  of  the  danger  and  con- 
fufion  which  that  town  was  throven  into  by  the  arrival 
of  the  Englifin  in  its  neighbourbeod.  From  thence 
he  went  to  Bourdeaux,  hoping  there  to  meet  with  a 
neutral  fliip  to  carry  him  to  Flamburgh,  in  his  way 
hack  to  Berlin  ; but  being  difappointed  in  that  hope, 
he  went  to  Touloufe,  where  he  remained  feven  months. 
He  had  then  thoughts  of  going  to  Italy,  in  hopes  a 
milder  climate  w'ould  reftore  him  to  health  ; but  find- 
ing himfelf  grow  wmrfe,  he  rather  inclined  towards 
Germany,  and  went  no  Neufchatel,  where  lor  three 

months 
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montlis  he  enjoyed  the  converfation  of  lord  Marifchal, 
with  whom  he  had  formerly  been  much  connected. 
At  length  he  arrived  at  Bafil,  October  i6,  f75^) 
where  he  was  received  by  his  friend  Bernoulli  and  his 
family  Vvdth  the  iitmoft  tendernefs  and  affedtion.  He 
at  firft  found  himfelf  much  better  here  than  he  had 
been  at  Neiifchatel  : but  this  amendment  was  of  ihort 
duration  ; for  as  the  winter  approached,  his  diforder 
returned,  accompanied  by  new  and  more  alarming  fymp- 
toms.  He  languifhed  here  many  months,  during 
which  he  was  attended  by  M.  de  la  Condamine  ; and 
died  in  1759,  at  61  years  of  age. 

The  works  which  he  publiihed  were  colltffed  into 
4 vofumes  8vo,  publiihed  at  Lyons  in  1756,  where 
alfo  a new  and  elegant  edition  was  printed  in  1768. 
Thefe  contain  the  following  works  : 

I.  Elfay  on  Cofmclogy. — 2.  Hifcourfe  on  tlie  dif- 
ferent Figures  of  the  Stam. — 3.  Eflay  on  Moral  Phi- 
lofophy.— 4.  Philofophical  Reflections  upon  the  Origin 
of  Languages,  and  the  Signiiication  ol  Words 

5.  Animal  Phyfics,  concerning  Generation  Sic. — 

6.  Sylfera  of  Nature,  or  the  Formation  of  bodies 

7.  Letters  on  various  fubjefts. — 8.  On  the  Progrefs  of 
the  Sciences.' — 9.  Elements  of  Geography — 10.  Ac- 
count of  the  Expedition  to  the  Polar  Circle,  for  de- 
termining the  Figure  of  the  Earth  ; or  the  Meafure  of 
the  Earth  at  the  Polar  Circle. — ii.  Account  of  a 
Journey  into  the  Heart  of  Lapland,  to  fearch  for  an 
Ancient  Monument. — 12.  On  the  Comet  of  1742. — 
13.  Various  Academical  Difeourfes,  pronounced  in 
the  French  and  Pruffian  Academies. — 14.  Differtation 
upon  Languages. — 15.  Agreement  of  the  Different 
Laws  of  Nature,  which  have  hithertp  appeared  incom- 
patible.— 16.  Upon  the  Laws  of  Motion. — 17.  Upon 
the  Laws  of  Reft. — t8.  Nautical  Aftronomy. — 19.  On 
the  Parallax  of  the  Moon.' — 20.  Operations  for  deter- 
mining the  Figure  of  the  Earth,  and  the  Vaiiations  of 
Gravity. — 21.  Meafure  of  a Degree  of  the  Meridian 
at  the  Polar  Circle. 

Befide  thefe  works,  Maupertuis  was  autlior  of  a 

great  multitude  of  intereftino;  papers,  particularly  lliofe 

printed  in  the  Memoirs  of  the  Paris  and  Berlin  Aca- 

demdes,  far  too  numerous  here  to,  mention  ; viz,  in 

the  Mertioirs  of  the  Academy  at  Paris,  from  the  year 

^ ' *’ 

1724,  to  1749  5 thofe  of  the  Academy  of  Ber- 

lin, from  the  year  1746,  to  1756. 

MAXIMUM,  denotes  the  greateft  ftate  or  quan- 
tity attainable  in  any  given  cafe,  or  the  greateft  value 
of  a variable  quantity.  By  which  it  ftands  oppofed  to 
Minimum,  which  is  the  ieaft  poffible  quantity  in  any  cafe. 

As  in  the  algebraical  expreflion  a"  — lx,  where  a 
and  h are  conftant  or  Invariable  quantities,  and  x a va- 
riable one.  Now  it  is  evident  that  the  value  of  this 
remainder  or  difference,  — lx,  will  increafe  as  the 
term  lx,  OCX,  decreafes  ; and  therefore  that  vdil  be 
the  greateft  when  this  is  the  fmalleft ; that  is,  rF  — lx 
is' a maximum,  when  x is  the  leaft,  or  nothing  at  all. 

Again,  the  expreflion  or  difference  cP , evident- 

A- 

ly  increafes  as  the  fraction  — diminiflies  ; and  this  dimi- 


X 


nifties  as  x increafes  ; therefore  the  given  expreftion  will 
be  the  greateft,  or  a maximum,  when  w is  the  greatc 
or  infinite. 


4 

it., 


Alfo,  if  along  the  diameter  KZ  (the  S)d Jig.  hdonx)) 
of  a circle,  a perpendicular  ordinate  LM  be  conceived 
to  move,  from  K towards* Z ; it  is  evident  that,  from 
R it  increafes  continually  till  it  a.rrive  at  the  centre, 
in  the  pcfition  NO,  where  it  is  at  the  greateft  ftate  ; 
and  from  thence  it  continually  decreales  again,  as  it 
moves  along  from  N to  Z,  and  quite  vaniihes  at  the 
point  Z.  So  that  the  maxim.um  ftate  of  the  ordinate 
is  NO,  equaJ  to  the  radius  of  the  circle. 

Methcdiis  de  Maxi  mis  et  Minimis,  a method  of 
finding  the  greateft  or  leaft  ftate  or  value  of  a variable 
quantity.  ^ 


Some  quantities  continually  Increafe,  and  fo  have 
no  maximum  but  what  is  infinite;  as  the  ordinates 
BC,  DE  of  the  parabola  ACE  : Some  continually 
decrcafe,  and  fo  their  leaft  or  minimum  ftate  is  no- 
thing ; as  the  ordinates  EG,  HI,  to  the  afymptotes  of 
the  hyperbola.  Others  increafe  to  a certain  magni- 
tude, which  is  their  maximum,  and  then  decreafe  again; 
as  the  ordinates  LM  Sic  of  the  circle.  And  others 
again  decreafe  to  a certain  magnitude  TV,  which  is 
their  minimum,  and  then  increafe  again  ; as  the  ordi- 
nates of  the  curve  SVY.  While  others  admit  of 
feveral  maxima  and  minima  ; as  the  ordinates  of  the 
curve  alcde,  where  at  h and  d they  are  maxima,  and 
a,c,  e,  minima.  And  thus  tlie  maxima  and  minima  of 
all  other  variable  quantities  may  be  conceived  ; cx- 
prefting  thofe  quantities  by  the  ordinates  of  fome 
curves. 

The  iirft  maxima  and  minima  are  found  in  the  Ele- 
ments of  Euclid,  or  flow  immediately  from  them  : 
thus,  it  appears,  by  the  ytli  prop,  of  book  2,  that  the 
greateft  redtaiigle  that  can  be  made  of  the  two  parts 
of  a given  line,  any  how  divided,  is  when  the  line  is 
divided  equally  in  the  middle  ; prob.  7,  book  3,  fliews 
that  the  greateft  line  that  can  be  drawm  from  a given 
point  within  a circle,  is  that  which  paffes  through 
the  centre  ; and  that  the  leaft  line  that  can  be  fo 
drawn,  is  the  continuation  of  the  fame  to  the  other 
fide  of  the  circle  : prop.  8 ib,  fhews  the  fame  for  lines 
drawm  from  a point  without  the  circle  : and  thus  other 
inllances  might  be  pointed  out  in  the  Elements. — 
Other  writers  on  the  Maxima  and  Minima,  are,  Apol- 
lonius, in  the  whole  5th  book  of  Hs  Conic  Sedions ; 
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and  in  the  Preface  or  Dedication  to  that  hook,  he 
fays  others  had  then  alfo  treated  the  fubjeft,  though 
in  a (lighter  manner.' — Archimedes  ; as  in  prop.  9 
his  Treatife  on  the  Sphere  and  Cylinder,  where  he  de- 
monftrates  that,  of  ail  fpherical  fegments  under  equal 
fuperficies,  the  hemifphere  is  the  greateil. — Sereniis, 
in  his  2d  book,  or  that  on  the  Conic  Sections.*— 
Pappus,  in  many  parts  of  his  Mathematical  .Collec- 
tions ; as  in  lib.  3,  prop.  28  &c,  lib.  6,  prop.  31 
&c,  w^'here  he  treats  of  fome  curious  cafes  of  va- 
riable geometrical  quantities,  fliewing  how  fome  in- 
creafe  and  decreafe  both  ways  to  infinity  ; while 
others  proceed  only  one  way,  by  increafe  or  de- 
creafe, to  infnity,  and  the  other  way  to  a certain 
magnitude  ; and  others  again  both  w^ays  to  a certain 
magnitude,  giving  a maximum  and  minimum  ; alio 
lib.  7,  prop.  13,  14,  165,  166,  &c.  And  all  thefe  are  the 
geometrical  Maxima  and  Minima  of  the  Ancients  ; to 
which  may  be  added  fome  others  of  the  fame  kind, 
viz.  Viviani  De  Maiiimis  & Minimis  Geometrica  Divi- 
natio  in  quintum  Conicorum  Apollonii  Perg^ei,  in  fol. 
at  Flor.  1659  ; alfo  an  ingenious  little  tradtin  Thomas 
Simpfon’s  Geometry,  on  the  Maxima  and  Minima  of 
Geometrical  Qu.aiitities. 

Other  writings  on  the  Maxima  and  Minima  are 
chiefly  treated  in  a more  general  way  by  the  modern 
analyhs  ; and  firil  among  thefe  perhaps  may  be  placed 
that  of  Fermat.  This,  and  other  methods,  are  beft  re- 
ferred to,  and  explained  by  the  ordinates  of  curves. 
For  when  the  ordinate  of  a curve  increafes  to  a certain 
magnitude,  where  it  is  greateft,  and  afterwards  decreafes 
again,  it  is  evident  that  two  ordinates  on  the  contrary 
fides  of  the  greateft  ordinate  may  be  equal  to  eacb 
other ; and  the  ordinates  decreafe  to  a certain  point, 
where  they  are  at  the  leaft,  and  afterwards  increafe  again ; 
there  may  alfo  be  two  equal  ordinates,  one  on  each  fide 
of  the  leaft  ordinate.  Hence  then  an  equal  ordinate 
correfponds  to  two  different  abfeiftes,  or  for  every  value 
of  an  ordinate  there  are  two  values  of  abfeifles.  Now 
as  the  difference  between  the  two  abfeifles  is  conceived 
to  become  lefs  and  lefs,  it  is  evident  that  the  two  equal 
ordinates,  correfponding  to  them,  approach  nearer  and 
nearer  together ; and  when  the  differences  of  the  ab- 
feifles are  infinitely  little,  or  nothing,  then  the  equal  ordi- 
nates unite  in  one,  which  is  either  the  maximum  or  mi- 
nimum. The  method  hence  derived  then,  is  this  : Find 
two  values  of  an  ordinate,  expreffed  in  terms  of  the  ab- 
feifles : put  thofe  two  values  equal  to  each  other,  can- 
celling the  parts  that  are  common  to  both,  and  dividing- 
all  the  remaining  terms  by  the  difference  between  the 
abfeiffes,  which  will  be  a common  fadlor  in  them  : next, 
fuppofing  the  abfeifles  to  become  equal,  that  the  equal 
ordinates  may  concur  in  the  maximum  or  minimum, 
that  difference  will  vanifh,  as  well  as  all  the  terms  of  the 
equation  that  include  it ; and  therefore,  ftriking  thofe 
terms  out  of  the  equation,  the  remaining  terms  will 
give  the  value  of  the  abfeifs  correfponding  to  the 
maximum  or  minimum. 

For  example,  fiippofe  it  were  required  to  find  the 
greateft  ordinate  in  a circle  KMQ^  Put  the'  diameter 
KZ  = the  abfeifs  KL  = jc,  the  ordinate  LM  — y ; 
hence  the  other  part  of  the  diameter  is  LZ  = a — x, 
and  coufequently,  by  the  nature  of  the  circle  KL  X LZ 

being  equal  LM%  k x a x or  ax  = y'^* 


Again,  put  another  abfeifs  KP  = x -p  r/,  where  d h 
the  difference  LP,  the  ordinate  PQj  being  eq^ual  to 
LM  or  y ; here  then  again  KP  X PZ  = PQL  or 

X ~i~  d X a — X — d ~ ax  — — 2dx  ad — d"-  —y'^'i 

put  now  thefe  two  values  of  equal  to  each  other,  fo 
fliall  ax  — — ax  — — idx  ~j~  ad  — cA ; cancel 

the  common  terms  ax  and  A^,then  o — zdx  ft  ad—d'^^ 
or  2dx  -j-  d^  — ad  ; divide  all  by  <r/,  fo  fhall  2x  -y-  d ~ 
a general  equation  derived  from  the  equality  of  the  two 
ordinates.  Now,  bringing  the  t-wo  equal  ordinates  to^ 
gether,  or  making  the  two  abfeifles  equal,  their  differ- 
ence d vaniflies,  and  the  laft  equation  becomes  barely 
2x  ™ a,  or  X ~ ^a-,  — KN,  the  value  of  the  abfeifs 
KN  when  the  ordinate  NO  is  a maximum,  viz,  the 
greateft  ordinate bifedfts  the  diameter.  And  the  opera- 
tion and  conclufion  it  is  evident  will  be  the  fame,  to 
divi'de  a given  line  into  two  parts,  fo  that  their  re6langlc 
fliall  be  the  greateft  poffible. 

For  a fecond  example,  let  ^ 
it  be  required  to  divide  the  A C D B 
given  line  AB  into  two  fucli 

parts,  that  the  one  line  drawn  into  the  fquare  of  the 
other  may  be  the  greateft  poffible.  Putting  the  given 
line  AB  = «,  and  one  part  AC  = x ; then  the  other 

part  CB  will  be  a — x,  and  therefore  x a — x = 
ax'^  — x^  is  the  produdf  of  one  part  by  the  fquare  of 
the  other.  Again,  let  one  part  be  AD  rz  a ft-  then 

the  other  part  is  a — x — d,  and  x -y- ^ ^ X a — x —d  =z 

ft-  ad^  — d^. 


ax 


X 


- x^  — ^dx'^  ft-  zad  *—  '^d^ 

Then,  putting  thefe  two  produdls  equal  to  each  other, 
cancelling  the  common  terms  ax'^  — x^,  and  dividing 
the  remainder  by  d,  there  refults 

o — — 3a:’-'  ft-  2a  — '^d  . X -y-  ad  ^ d'^  y hence,  cafl- 
celling  ail  the  terms  that  contain  r/,  there  remains 


o 


— 3a;’'  -f  2ax,  or  3A-  = 2a,  and,  x 


\a; 


that 

is,  the  given  line  muff  be  divided  into  two  parts  in  the 
ratio  of  3 to  2.  See  Fermat’s  Opera  Varia,  pa.  63, 
and  his  Letters  to  F.  Merfenne. 

The  next  method  was  that  of  John  Hudde,  given  by 
Schooten  among  the  additions  to  Des  Cartes’s  Geome- 
try, near  the  end  of  the  ift  vol.  of  his  edition.  This 
method  is  alfo  drawn  from  the  property  of  an  equation 
that  has  two  equal  roots.  He  there  demonftrates  that, 
having  ranged  the  terms  of  an  equation,  that  has  two 
roots  equal,  according  to  the  order  of  the  exponents  of 
the  unknown  quantity,  taking  all  the  terms  over  to  one 
fide,  and  fo  making  them  equal  to  nothing  on  the  other 
fide  ; if  then  the  terms  in  that  order  be  multiplied  by 
the  terms  of  any  arithmetical  progreffion,  the  reiulting 
equation  will  ftill  have  one  of  its  roots  equal  to  one  of  the 
two  equal  roots  of  the  former  equation.  Now  flnee,  by 
what  has  been  faid  of  the  foregoing  method,  when  the 
ordinate  of  a curve,  admitting  of  a maximum  or  mini- 
mum, is  expreffed  in  terms  of  the  abiciffa,  that  abfeiffa, 
or  the  value  of  x,  will  be  two-fold,  becaufe  there  ai'C 
two  ordinates  of  the  fame  value  ; that  is,  the  equation 
has  at  leaft  two  unequal  roots  or  values  of  a;  but 
when  the  ordinate  becomes  a maximum  or  minimum, 
the  two  abfeifles  unite  in  one,  and  the  two  roots, 
or  values  of  x,  are  equal ; therefore,  from  the  above 
faid  property,  the  terms  of  this  equation  for  the  maxi- 
mum or  minimum  being  multiplied  by  the  terms  of  any 
arithmetical  progreffion,  the  root  of  the  refulting  equa- 
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tion  will  be  one  of  the  faid  equal  roots,  or  the  value  of 
the  abfcifs  .r  when  the  ordinate  is  a maximum. 

Although  the  terms  of  any  arithmetic  progreffion 
may  be  ufed  for  this  purpofe,  fome  are  more  conve- 
nient than  others  ; and  Mr.  Hudde  directs  to  make  ufe 
of  that  progreffion  which  is  formed  by  the  exponents 
of  Aq  viz,  to  multiply  each  term  by  the  exponent  of  its 
power,  and  putting  all  the  refulting  products  equal  to 
nothing  ; which,  it  is  evident,  is  exactly  the  fame  pro- 
cefs  as  taking  the  fluxions  of  all  the  terms,  and.  putting 
them  equal  to  nothing  ; being  the  common  procefs  now 
ufed  for  the  fame  purpofe. 

Thus,  in  the  former  of  the  two  foregoing  examples, 
wffiere  ax  — or  is  to  be  a maximum 
mult,  by  I 2 

gives  ax  — = o ; hence  zx  = zr,  and  v =. 

as  before. 

And  in  the  2d  example,  where  zta®  — is  to 
be  a maximum ; mult,  by  - - 2 3 

gives  - - - - - zax"^  — 3^’^  o j 

hence  za  — 3^’  =:  o,  or  3^  = zay  and  x = \a,  as 

before. 

The  next  general  method,  and  which  is  now  ufually 
pra6tifed,  is  that  of  Newton,  or  the  method  of  Flux- 
ions, which  proceeds  upon  a principle  different  from 
that  of  the  two  former  methods  of  Fermat  and  Hudde. 
Thefe  proceed  upon  the  idea  of  the  two  equal  ordinates 
of  a curve  uniting  into  one,  at  the  place  of  the  maxi- 
mum and  minimum  ; but  Newton’s  upon  the  principle, 
that  the  fluxion  or  increment  of  an  ordinate  is  nothing, 
at  the  point  of  the  maximum  or  minimum;  a circum- 
ffance  which  immediately  follows  from  the  nature  of  that 
doflrine  : for,  fince  a quantity  ceafes  to  increafe  at  the 
maximum,  and  to  decreafe  at  the  minimum,  at  thofe 
points  it  neither  increafes  nor  decreafes ; and  fince  the 
fluxion  of  a quantity  is  proportional  to  its  increafe  or 
decreafe,  therefore  the  fluxion  is  nothing  at  the  maxi- 
. mum  or  minimum.  Hence  this  rule  ; Take  the  fluxion 
of  the  algebraical  expreflion  denoting  the  maximum  or 
minimum,  and  put  it  equal  to  nothing  ; and  that  equa- 
tion will  determine  the  value  of  the  unknown  letter  or 
quantity  in  queflion. 

So  in  the  firft  of  the  two  foregoing  examples,  where 
it  is  required  to  determine  x when  ax  — is  a maxi- 
mum : the  fluxion  of  this  is  a.i-  — zxx  — o \ divide  by  a*, 
fo  fliall  a — zx  — o,  ox  a — 2v,  and  a = \a. 

Alfo,  in  the  2d  example,  where  ax"^  •—  x^  muff  be  a 
•maximum  : here,  the  fluxion  is  zaxx  — 3x^a-  = o ; 
hence  za  — —•  o,  or  za  — and  a = |c7. 

When  a quantity  becomes  a maximum  or  minimum, 
and  is  expreffed  by  two  or  more  affirmative  and  negative 
terms,  in  which  only  one  variable  letter  is  contained ; 
it  is  evident  that  the  fluxion  of  the  affirmative  terms  will 
be  equal  to  the  fluxion  of  the  negative  ones  ; fince  their 
difference  is  equal  to  nothing. 

And  when,  in  the  expreflion  for  the  fluxion  of  a 
maximum  or  minimum,  there  are  two  or  more  fluxion- 
ary letters,  each  contained  in  both  affirmative  and  nega- 
tive terms  ; the  fum  of  the  terms  containing  the  fluxion 
of  each  letter,  will  be  equal  to  nothing  ; For,  in  order 
that  any  expreflion  be  a maximum  or  minimum,  which 
contains  two  or  more  variable  quantities,  it  muff  pro- 
duce a maximum  or  minimum,  if  but  one  of  thofe 
quantities  be  fuppofed  variable.  So  if  ax  — zxy  by 


denote  a minimum  ; its  fluxion  is  ax-^iyx  — 2xy-{’  by  ;■ 
hence  ax  — zyx  ~ o,  and  by  — zxy  ~ o ; from  the 
former  of  thefe  y = \a^  and  from  the  latter  x ~ ^3. 
Or,  in  fuch  a cafe,  take  the  fluxion  of  the  whole  expref. 
fion,  fuppofing  only  one  quantity  variable  ; then  take 
the  fluxion  again,  fuppofing  another  quantity  only  va- 
riable : and  fo  on,  for  ail  the  feveral  variable  quantities  ; 
which  wall  give  the  fame  number  of  equations  for  de- 
termining thofe  quantities.  So,  in  the  above  example, 
ax  — zxy  hy^  the  fluxion  is  ax  — zyx  = o,  fuppoflng 
only  X variable  ; which  gives  y = ^a  : and  the  fluxion 
is  — zxy  -{•  by  — o,  wdien  y only  is  variable  ; which, 
gives  X = \b  ; the  fame  as  before. 

Farther,  when  any  quantity  is  a maximum  or  mini- 
mum, all  the  powers  or  roots  of  it  will  be  fo  too  ; as 
w'ill  alfo  the  refult  be,  when  it  is  increafed  or  decreafed, 
or  multiplied,  or  divided  by  a given  or  conftant  quan- 
tity ; and  the  logarithm  of  the  fame  will  be  alfo  a. 
maximum  or  minimum. 

To  jjyid  nvhether  a propofed  algebraic  quantity  ad-’- 
mits  of  a maximum  or  minimum. — Every  algebraic  ex- 
prelfion  does  not  admit  of  a maximum  or  minimum, 
properly  fo  called  ; for  it  may  either  increafe  conti- 
nually to  infinity,  or  decreafe  continually  to  nothing 
in  both  which  cafes  there  is  neither  a proper  maximum 
nor  minimum  ; for  the  true  maximum  is  that  value  to 
which  an  expreflion  increafes,  and  after  which  it  de- 
creafes again  ; and  the  minimum  is  that  value  to  which 
the  expreflion  decreales,  and  after  that  it  increafes 
again.  Therefore  when  the  expreflion  admits  of  a 
maximum,  its  fluxion  is  pofitive  before  that  point,  and. 
negative  after  it  ; but  wdien  it  admits  of  a minimum,, 
its  fluxion  is  negative  before,  and  pofitive  after  it. 
Hence,  take  the  fluxion  of  the  expreflion  a little  be- 
fore the  fluxion  is  equal  to  nothing,  and  a little  after  it; 
if  the  firff  fluxion  be  pofitive,  and  the  laft  negative,  the 
middle  ffate  is  a maximum  ; but  if  the  firff  fluxion  be 
negative,  and  the  laff  pofitive,  the  middle  ffate  is  a mi- 
nimum. See  Maclaurin’s  Fluxions,  book  i,  chap.  9, 
and  book  2,  chap.  5,  art.  859. 

MAY,  Maius,  the  fifth  month  in  the  year,  reckon-- 
ing  from  our  firff  or  January ; but  the  third,  count- 
ing the  year  to  begin  wn’th  March,  as  the  Romans 
did  anciently.  It  was  called  Maius  by  Romulus,  in 
refpeft  to  the  fenators  and  nobles  of  his  city,  who 
were  named  majores ; as  the  following  month  was 
called  fiinius,  in  honour  of  the  youth  of  Rome,  in  hono- 
rem  junior um,  w'ho  ferved  him  in  the  war.  Though  fome 
fay  it  has  been  thus  called  from  Maia^  the  mother  of 
Mercury,  to  whom  they  offered  facrifice  on  the  firft  day 
of  this  month  : and  Papias  derives  the  name*  from 
Madias^  eo  quod  tunc  terra  madeat. 

In  this  month  the  fun  enters  the  fign  Gemini,  and 
the  plants  of  our  hemifphere  begin  moffly  to  flower. 

MAYER  (Tobias),  one  of  the  greateff  aftrono-- 
mers  and  mechanifts  of  the  i8th  century,  was  born  at. 
Mafpach,  in  the  duchy  of  Wirtemberg,  1723.  He 
taught  himfelf  mathematics,  and  at  14  years  of  age 
defigned  machines  and  inftruments  wdth  the  greateff 
dexterity  and  juftnefs.  Thefe  purfuits  did  not  hinder 
him  from  cultivating  the  Belles  Lettres.  He  acquired 
the  Latin  tongue,  and  wTote  it  with  elegance.  In 
1750,  the  univerfity  of  Gottingen  chofe  him  for  their 
mathematical  profeffor;  aud  every  year  of  his  fliort  life 
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was  thenceforward  marked  with  fome  confiderable  dif- 
coveries  in  geometry  and  aftvonomy.  He  publifired  fe- 
veral  works  in  this  way,  which  are  all  accounted  ex- 
cellent of  their  kind  ; and  fome  papers  are  inferted  in 
the  fecond  volume  of  the  Memoirs  ol  the  Umverfity  of 
Gottingen.  He  was  very  accurate  and  indefatigable 
in  his  agronomical  obfervations ; indeed  his  labours 
feem  to  have  very  early  exliaufted  him ; for  he 
died  worn  out  in  1762,  at  no  more  than  39  years  of 
age.  . ^ . 

His  Table  of  Refractions,  deduced  from  his  aftrono- 
mical  obfervations,  very  nicely  agrees  with  that  of 
I)o£lor  Bradley  ; and  his  Theory  of  the  Moon,  and 
Aftronoraical  Tables  and  Precepts,  were  fo  well  eileem- 
ed,  that  they  were  rewarded  by  the  Englii'li  Board  of 
Hongitude,  with  the  premium  of  three  thouiand 
pounds,  which  ium  was  paid  to  his  widow  alter  his 
death.  Tiiefe  tables  and  precepts  were  publilhed  by 
the  Board  of  Longitude  in  1770. 

MEAN,  a middle  Hate  between  two  extremes  : as  a 
mean  motion,  mean  diflance,  arithmetical  mean,  geo- 
metrical mean,  &c. 

ArliJmietkal  Mean,  is  half  the  fum  of  the  extremes. 
So,  4 is  an  arithmetical  mean  between  2 and  6,  or  be- 
tween 3 and  5,  or  between  i and  7 ; alfo  an  aritlimeti- 

cal  mean  between  a and  h is- — — — or  M -b  2^0 

2 

Geometrical  Mean,  commonly  called  a mean  pro- 
portional, is  the  fquare  root  of  the  produdf  of  the  two 
extremes  ; fo  that,  to  find  a mean  proportional  between 
two  given  extremes,  multiply  theie  together,  and  extradf 
the  fquare  root  of  the  produA.  Thus,  a mean  propor- 
tional between  i and  9,  is  s/  \ 
between  2 and  4^-  is  v^2 


X 4, 


X 9 = — 3 ; a mean 

^79—3  alfo  ; the 


> O 


greater  ; then  extradl  the  cube  root  out  of  each  pro* 
dudl,  and  the  two  roots  will  be  the  two  mean  propor- 
tionals fought.  That  is,  V a^b  and  ah'^  are  the  two 
means  between  a and  b,.  So,  between  2 and  16,  the 

two  mean  proportionals  are  4 and  8 ; for  2^  X 16  = 

^764  = 4,  and  V 2 X 16^=  ^512:=  8. 

In  a fimilar  manner  we  proceed  for  three  means,  or 
four  means,  or  five  means,  &c.  From  all  which  it 
appears  that  the  feries  of  the  feveral  numJaers  of  mean 
proportionals  bctw^een  and  b will  be  as  follows  ; viz^ 
one  mean,  4^/ ah  ; 
two  means,  \/ a^h^  If  aP 


three  cdb. 

\f  aP% 

four  means,  ^a'^h. 

{/ odh'^,  . 

%/aPP  ; \/ ah^  ; 

five  means, 

ya^h\  i 

See, 

dee. 

nwWMEAN,  is  double  a fourth  proportional 


Harmci 

to  the  fum  of  the  extremes,  and  the  two  extremes 

2ab 

themfelves  a and  b : thus,  as  <3  + ^ : <2 


20 


mean  between  4 and  6 is  \/4  x 6 ~ >^724 ; and  the 

mean  between  a and  b h ah. 

The  geometrical  mean  is  always  lefs  than  the  arith- 
metical  mean,  between  the  fame  two  extremes.  So 
the  arithmetical  mean  between  2 and  4^:  is  3f , but  the 
geometrical  mean  is  only  3.  To  prove  this  generally  ; 
let  a and  h be  any  two  terms,  a the  greater,  and  b the 

gjj  — j-,  ^ 

lefs  ; then,  univerfally,  the  arithmetical  mean  

2 

ftiall  be  greater  than  the  geometrical  mean  /^ah^  ov  a + ^ 
greater  than  2 \^ah.  For,  by 

fquaring  both,  they  are  fi-  2ah  -{-  /i^ah  ; 
fubtr.  /\.ab  from  each,  then  at^  — 2ah  4-  h'^'>  o , 
that  is  - - - (a  h )' 

’To  find  a Mean  P roportlonal 
Geometrically,  between  two  given 
lines  M and  N.  Join  the  two 
given  lines  together  at  C in  one 
continued  line  AB  ; upon  the 
diameter  AB  deferibea  femicircle, 
and  creff  the  perpendicular  CD  ; 
which  \wll  be  the  mean  propor- 
tional between  AC  and  CB,  or 
M and  N. 

T 0 fiind  tnjuo  Mean  Proportionals  between  two  given 
extremes.  Multiply  each  extreme  by  the  fquare  of 
the  other,  viz,  the  greater  extreme  by  the  fquare  of 
the  left,  and  the  kfs  extreme  by  the  fquare  of  the 


a h 

=L  m the  harmonical  mean  between  a and  b.  Or  it^is 
the  reciprocal  of  the  arithmetical  mean  between  the 
reciprocals  of  the  given  extremes  5 that  is,  take  the 
reciprocals  of  the  extremes  a and  h,  which  will  be 

- and  - ; then  take  the  arithmetical  mean  between 
a b ^ 

thefe  reciprocals,  or  half  their  fum,  wliicn.  will  be 
Ji p -i_  or  ; laftly,  the  reciprocal  of  this  is 

^5—  — m the  harmonical  mean  : for,  arithmeticals 
a b 

and  harmonicals  are  mutually  reciprocals  of  each 
other  ; 

fo  that  if  a,  m,  h,  &c  be  arithmeticals, 

then  fhall  — , — , -7-,  See  be  harmonicals  ; 
a m b 

or  if  the  former  be  harmonicals,  the  latter  wall  be 
arithmeticals. 

For  example,  to  find  a harmonical  mean  between 
2 and  6 : here  a = 2,  and  h — therefore 


7.  ah 


2x2x6 


P± 

8 


__  2 =m  the  harmonierd 

u -{■  b 2 + 6 8 

mean  fought  between  2 and  6. 

In  the  3d  bock  of  Pappus’s  Mathematical  Collec-, 
tions  we  have  a very  good  trafl  on  all  the  three 
forts  of  mean  proportionals,  beginning  at  the  5th  pro- 
pofition.  He  obferves,  that  the  Ancients  could  not 
refolve,  in  a geometrical  way,  the  problem  of  finding 
two  mean  proportionals  ; and  becaufe  it  is  not  eafy 
to  deferibe  the  conic  feRions  in  piano,  for  that 
purpofe,  they  contrived  cafy  and  convenient  infirii- 
ments,  by  which  they  obtained  good  mechanical  con- 
ftruflions  of  that  problem ; as  appears  by  their  writ- 
ings ; as  in  the  Mefolabe  of  Eratofthenes,  of  Philo, 
with  the  Mechanics  and  Catapultics  of  Hero.  For 
thefe,  rightly  deeming  the  problem  a folid  one,  effefted 
the  conftriufiion  only  by  inftruinents,  and  Apollonius 
PergEeus  by  means  of  the  conic  feffions  ; which  others 
again  performed  by  the  loci  fchdi  of  Ariftseus  ; alfo 
Nrcomedes  folved  il;  by  the  conchoid,  by  means  of 

which 
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v/Kjch  Iikewife  he  trifefted  an  angle  : and  Pappus  hira- 
lelf  gave  another  folution  of  the  fame  problem. 

Pappus  adds  definitions  of  the  three  foregeing  dif- 
ferent forts  of  mean^,  with  many  problems  and  pro- 
perties  concerning  them,  and,  among  others,  this 
curious  fimilarity  of  them,  viz,  being  three 

continucvd  terms,  either  arithmeticals,  geom.etricals,  or 
harmonicals  ; then  in  the 

Arithmeticals,  a \ a ::  a ^ m : m — b\ 
Geometricals,  a : m w a — m \ m ~ I \ 
Plarmonicals,  a \ h \ \ a — m m — b , 

y\.Y.^.'^-and■-Exireme  Proportion^  or  Extreme-and-Mean 
Proportion^  is  when  a line,  or  any  quantity  is  fo  divided, 
that  tiie  lefs  part  is  to  the  greater,  as  the  greater  is 
to  the  whole. 

Mean  Anomaly,  of  a planet,  is  an  angle  which  is 
alvv'ays  proportional  to  the  time  of  the  planet’s  motion 
from  the  aphelion,  or  perihelion,  or  proportional  to 
the  area  defcribed  by  the  radius  vedfor ; that  is,  as  the 
whole  periodic  time  in  one  revolution  of  the  planet, 
is  to  the  time  pafl  the  aphelion  or  perihelion,  fo  is 
360°  to  the  Mean  anomaly.  See  Anomaly. 

Mean  Axisyxn  Optics.  See  Axis. 

Mean  Conjunction  or  Oppqfition,  is  when  the  mean 
place  of  the  fun  is  in  conjuncfion,  or  oppofition,  with 
the  mean  place  of  the  moon  in  the  ecliptic. 

Mean  Diameter,  in  Gauging,  is  a Mean  between 
the  diameters  at  the  head  and  bung  of  a caflc. 

Mean  Diflance,  of  a Planet  from  the  Sun,  is  an 
arithmetical  mean  between  the  planet’s  greatell;  and 
lead:  diftances  ; and  this  is  equal  to  the  femitranfverfe 
axis  of  the  elliptic  orbit  in  which  it  moves,  or  to  the 
right  line  drawn  from  the  fun  or  focus  to  the  extre- 
mity of  the  conjugate  axis  of  the  fame. 

Mean  Motion,  is  that  by  which  a planet  is  fuppofed  to 
move  equably  in  its  orbit ; and  it  is  always  proportional 
to  the  time. 

Mean  Dime,  or  Equal  time,  is  that  which  is  mea- 
fured  by  an  equable  motion,  as  a clock  ; as  dillinguifhed 
from  apparent  time,  arifing  from  the  unequal  motion 
of  the  earth  or  fun. 

MEASURE,  denotes  any  quantity,  affumed  as 
unity,  or  one,  to  which  the  ratio  of  other  homogeneous 
or  like  quantities  may  be  expreffed. 

Measure  of  an  Angle,  is  an  arc  of  a circle  de- 
fcribed from  the  angular  point  as  a centre,  and  inter- 
cepted between  the  legs  or  tides  of  the  angle  : and  it 
is  ufual  to  eftimate  and  exprefs  the  Mcafure  of  the 
angle  by  the  number  of  degrees  and  parts  contained  in 
that  arc,  of  which  360  make  up  the 
whole  circumference.  So,  the  mea- 
fure  of  the  angle  BAG,  is  the  arc 
BC  to  the  radius  AB,  or  the  arc  be 
to  the  radius  Kb. 

Hence,  a riglit  angle  is  meafured 
by  a quadrant,  or  90  degrees  ; and 
any  angle,  as  BAG,  is  in  proportion 
'to  a right  angle,  as  the  arc  BG  is  to  a 
quadrant,  or  as  the  degrees  in  BG 
are  to  90  degrees. 

Common  Measure.  See  Gommon 
Meafiire.  , 

Measure  of  a Figure,  or  Plane  Surface,  is  a fquarc 
inch,  or  fquaie  foot,  or  fquare  yard,  6cc,  that  is,  a 
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fquare  whole  fide  is  an  inch,  or  a foot,  or  a yard,  ot 
fome  other  determinate  length  and  this  fquare  is 
called  the  raeafuring  unit. 

Measure  of  a Line,  is  any  right  line  taken  at 
pleafure,  and  conlldered  as  unity  ; as  an  inch,  or  a 
foot,  or  a yard,  See. 

Line  (/Measures.  See  L i n e (/  Mcafures. 

Measure  of  a Mcfs,ov  ^antiiy  of  Matter,  is  its 
Aveight. 

Measure  of  a Number,  is  any  number  that  divides 
It,  vvuthout  leaving  a remainder.  So,  2 is  a Meafurc 
ol  4,  of  8,  or  of  any  even  number  j and  3 is  a Mea- 
fure  of  6,  or  of  9,  or  of  12,  &c. 

Me  as  ure  of  a Ratio,  is  its  logarithm,  in  any  fviiem 
of  logarithms  ; or  it  is  the  exponent  of  the  power  to 
which  the  ratio  is  equal,  the  exponent  of  fome  given 
ratio  Deing  affumed  as  unity.  So,  if  the  logarithm  or 
Meafure  of  the  ratio  of  10  to  i,  be  aifumed  equal  to 
I ; then  the  Meafure  of  the  ratio  of  100  to  i,  will 
be  2,  becaufc  100  is  :=r  io%  or  becaufe  100  to  i is  in 
the  duplicate  ratio  of  10  to  i ; and  the  Meafure  of  the 
ratio  of  loco  to  i,  will  be  3,  becaufe  1000  is  rz:  10^, 
or  becaufe  1000  to  i is  triplicate  of  the  ratio  of  to 
to  I. 

Measure  of  a Solid,  is  a cubic  inch,  or  cubic  foot, 
or  cubic  yard,  Uc  ; that  is,  a cube  whofe  fide  is  an 
inch,  or  a foot,  or  a yard,  &c. 

Measure  / a Superfeies,  the  fame  as  the  Meafure 
of  a figure. 

Measure  of  Velocity,  is  the  fpace  uniformly  paffed 
over  by  a moving  body  m a given  time. 

Unimerfal  or  Perpetual  Measure,  is  a kind  of  Mea- 
fure unalterable  by  time  or  place,  to  which  the  Meafures 
of  different  ages  and  nations  might  be  reduced,  and  by 
which  they  may  be  compared  and  effimated.  Such 
a Meafure  would  be  very  ufeful,  if  it  could  be  at- 
tained ; fince,  being  ufed  at  all. times,  and  In  all  places, 
a great  deal  of  coniulion  and  error  would  be  avoided. 

Huygens,  in  his  Horol.  pfcil.  propofes,  for  this 
purpofe,  the  length  of  a pendulum  that  fhould  vibrate 
feconds,  meafured  from  the  point  of  fufpenfion  to  the 
point  of  ofcillation  ; the  3d  part  of  fucli  a pendulum 
to  be  called  horary  foot,'  and  to  ferve  as  a ftandard 
to  which  the  Meafure  of  all  other  feet  might  be  refer- 
red. Thus,  for  inilance,  the  proportion  of  the  Paris 
foot  to  the  horary  foot,  would  be  that  of  864  to 
881  ; becaufc  the  length  of  3 Paris  feet  is  864  half 
lines,  and  the  length  of  a pendulum,  vibrating  fe- 
conds, contains  881  half  lines.  But  this  Meafure,  in 
order  to  its  being  univerfal,  fuppofes  that  the  adtion  of 
gravity  is  the  fame  on  every  part  of  the  earth’s  furfacc, 
which*  is  contrary  to  fi6t ; for  which  reafon  it  would 
really  ferve  only  for  places  uifder  the  fame  parallel  of 
latitude : fo  that,  if  every  different  latitude  were  to 
have  Its  foot  equal  to  the  3d  part  of  the  pendulum 
vibrating  feconds  there,  any  latitude  would  ftill  have 
a different  length  of  foot.  And  befides,  the  difficulty 
of  meafuring  exacfly  the  diflance  between  the  centres 
of  motion  and  ofcillation  are  fuch,  that  hardly  any  two 
meafurers' would  make  it  the  fame  quantity. 

M.  Mouton,  canon  of  Lyons,  has  alfo  a treatife  De 
Menfura  poferis  traifruittenda. 

Since  that  time  various  other  expedients  have  been 
propofed  for  cftablifhing  an  univerfal  Mcafure,  but 
N ' hitherto 
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intlierto  without  the  perfea  effea.  In  1779,  a me- 
thod was  propofed  to  the  Society  of  Arts,  See,  by  a 
Mr.  Hatton,  in  confequence  of  a premium,  which  had 
been  q years  advertifed  by  that  inftitution,  of  a gold 
medal,  or  100  guineas,  ‘ for  obtaining  invariable 
ftandards  for  weights  and  Meafures,  communicable  cit 
all  times  and  to  all  nations.’  Mr.  Hatton’s  plan  con- 
jilfed  in  the  application  of  a moveable  point  ot  fufpen- 
fion  to  one  and  the  fame  pendulum,  In  ordei  to  pio- 
duce  the  full  and  abfolute  cffeA  of  two  pendulums,  the 
difference  of  whofe  lengths  was  the  intended  Meafure. 
Mr.  Whitehurft  much  improved  upon  this  idea,  by 
very  curious  and  accurate  machinery,  in  his  tiaCf 
publifhed  1787,  Intitled  '‘An  Attempt  towards  ob- 
taining invariable  Meafures  of  IjCngtlp  Capacity,  and 
Weight,  from  the  Menfuration  of  time,  &c.  Mr. 
Whitehurft’s  plan  Is,  to  obtain  a Meafure  of  the  greateft 
length  that  conveniency^  will  permit,  from  two  pendu- 
lums whofe  vibrations  cire  in  the  ratio  of  2 to  i , and 
v/hofe  lengths  coincide  with  the  Enghfli  Ifandaid  in 
whole  numbers,  d'he  numbers  he  has  chofen  fliew 
great  ingenuity.  On  a fuppofitlon  that  the  length  of 

a feconds  pendulum,  in  the  latitude  of  London,  Is 
39*2  Inches,  the  length  of  one  vibrating  42  times  in  a 
nuinute,  muft  be  80  Inches  ; and  of  another  vibrating 
84  times  in  a minute,  muft  be  20  inches  ; their  diffei- 
ence,  60  inches  or  5 ftandard  Meafure.  By 

his  experiments,  however,  the  difference  in  the  lengtlis 
of  the  two  pendulums  was  found  to  be  ^9*89^  inches 
inftead  of  60,  owing  to  the  error  in  the  aftumed  length 
of  the  feconds  pendulum,  39*2  inches  being  greater 
than  the  truth.  Mr.  Whitehurft  has  fully  accoraphflied, 
his  defign,  and  fliewn  how  an  invariable  ftandard  may, 
at  all  times,  be  found  for  the  fame  latitude.  He  has, 
aifo  afeertained  a faft,  as  accurately  as.  human  powers, 
feem  capable  of  afeertainmg  it,  of  great  confequence- 
in  natural  philofophy.  The  difFerence  between  the 
lengths  of  the  rods  of  two  pendulums  whofe  vibrations- 
arelinown,  is  a datum  fi'om  which  may  be  derived  the 
true  1en<nh  of  pendulums,  the  fpaccs  through  which 
heavy  bSdies  fall  in  a given  time,  with  many  other 
particulars  relative  to  the  doctrine  of  gravitation,  the 
figure  of  the  earth,  &c,  &c.  The  refult  deduced  from 
this  experiment  is,  that  the  length  of  a feconds  pen- 
dulum., vibrating;  in  a circular  arc  of  3°'  20  , is  39-1 19. 
inches  very  nearly  ; but  vibrating  In  the  arc- of  a cyckud- 
it  would  be  39-136  inclies  ; and  hmcc,  heavy  bodies, 
wilKall,  in  the  firft  fecond  of  their  defeent,  i6-094 
feet,  or  16  feet  i.i  inch,  very  nearly.  ^ 

It  is  faid,  the  French  philofophers  have  a plan  in- 
contemplation,  tg  take  for^  a univerfai  Meafure,  the 
length  of  a whole  meridian  circle  of  the  earth,  and  take 
all  other  Meafures  from  fub-divlfions  of  that ; which 
will  be  a very  good  way.— Other  projeas  have  alfo 
been  devifed,  but  of  little  or  no  confideration.  ^ 

Measure,  In  alegal,  commercial,  and.popular  leme, 
denotes  a certain  quantity  or  proportion  of  any  thing, 
bought,  fold,  valued,  or  the  like. 

ITe  regulatibn  of  weights  and  Meafures  ought  to 
be  univerfally  the  fame  tbroughout  the  nation,,  and  in- 
deed aft  nations  ; and  they  fhould  therefore  be  reouced 

U)  forne  fixed  rule  or  ftandard.  ^ . 1 • , 

Meafures  are  various,  according  to  the  various  kinds 

dimenftons  of  the  things  meafured.  Hence  arife. 


Lineal  or  Longitudinal  Measures,  for  lines  or 

lengths  : r • i 

Square  Measures,  for  areas  or  fuperficics  : and 

Solid  or  Cubic  Measures,  for  the  folid  contents 

and  capacities  of  bodies. 

The  feveral  Meafures  ufed  in  England,  are  as  in  the 
following  Tables : 


I. 


Englijld  Long  Meafure. 


Barley 

Corns 

3 ^ 

36  = 

108  z 

594  ^ 

23760  r 

I 90082  = 

Alfo,  4 

6 

3 

60 

or  69 

360 


Foot 


I Inch 
12  rr: 

36  zz  3 = I Yard 

198=:  i6i^  5h=  ^Pole 

7920=:  660=  220—  40=iFui'long 


63360 


5280  = 1760  — 320  = 8 — J[Milc 

Inches  = i Hand 

Feet,  or  2 yds  i kathom 
Miles,  = I League 

Nautical  or  Geograph.  Miles  = i Degree 
' Statute  Miles  = i Degree  nearly 
Degrees,  or  25000  Miles  nearly  = the  Cm 
cumference  of  the  Earth. 


2. 


Inches 

-y  \ 

2^  - 

9 = 

36  : 

27  : 

45  ■ 

54 


Cloth  Meafure:.. 


I Nail 

4 = I Quarter 
t6  = 4 I Yard 

12  = 3 I Ell  Flemifhi 

20  = 5 = E Ell  Englilh. 
2zL  ^ 6 I.  Ell  French., 


3.  Square  Meafure. 

Inches 

144  = I Foot 

1296  = 9 rr:  I Yard 

39,204  2,72+  — 3^'4'  — ^ ^ V A-  ' 

IC68160  = 10890  zz  1210  =^40—1  Rood 

6272640  = 43560  =2,  4840  ^ 160  --  4 _ 1 


4.  Solid,  or  Cubical  Meafure. 


Inches 

1728  r=  eFoOu 
46656;  = 27  = I 


"XT  ^ i 

1 arak 


5. 


Ifine,  Meafure*, 


Pints. 


4 I Gallon  = 231  Cubic  iiichei,. 

168=  A.2  = I Tierce.' 

252==  63  = ik,=-  1 Hogdiead 
336  84  —'2  — if  iz:  1 Puncheon 

___  504  12^6  ==  3,  =2  =:  if  = I 

20160=  1008  — 2S2  = 6 =4=3.  =2—1  lun, 

.Alfo,  231  Cubic  Inches  = i Gallon 

10  Gallons  = I Anker 

18  Gallons  = I Runlet 

314  Gallons  = 1 Barrel. 


2 = 
8 ^ 
336=- 

5^4  = 

672,  = 

1008  = 


M E A 


6.  Ale  and  Beer  Meafure, 


Pints. 
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7.  Dry  Meafure. 


Pints. 


2 = I Quart. 

8 = 4—  I Gallon  = 282  Cubic  Inches. 

>72=  36=  9=  I Firkin. 

144—  72  ~ 18=  2 rr  I Kilderkin. 

288  = 144=^,36=  4 =:  2 I Barrel. 

432  = 216=  54=  6 rc  3 = 1 1- — I Hogfliead. 

3:76  = 288=  72“  8=4  = 2 = 1 3 I Puncheon. 
864  = 43211:108  = 12  = 6=3  —1  =Q=iButt. 

Note,  The  Ale  gallon  contains  282  cubic  inches. 


8 — I Gallon  = 268^  Cubic  Inches. 

16  = 2 = I Peck. 

64  = 8 = 4 I Bufliel. 

^56  = 3^  — iG  = 4 = I Coom. 

512  = 64  = 32  ~ 8 = 2 — I Quarter. 

2560—  320  = 160  — 40  = 10  :rr  5=1  Wey. 

5120  = 640  = 320  = 80  = 20  = 10  = 2 = I Laft. 


Alfo,  2681  Cubic  Inches  = i Gallon, 
and  36  Bulhels  of  Coals  = x Chaldron. 


8.  Proportions  of  the  Long  Mcafures  of  fever al  Nations  to  the  Engl'fl:  Foot. 


Englifli 

Paris 

Rynland,  or  Leyden 

Ainilerdani 

Brill 

Antwerp 

Dort  ... 

Larrain 

Mechlin 

Middlebiirgli 

Strafburgh 

Bremen 

Cologn 

Frankfort  ad  Mcenum 

Spanifh 

Toledo 

Roman 

On  the  monument  of  1 
Ceftius  Statiliiis  J 
Bononia 
Mantua 
Venice 
Dantzic 
Copenhagen 
Prague 
Riga 
Turin 
The  Greek 
Old  Roman 
Lyons 
Bologna 


Thoufa-ndth 

Paris. 

1 Inches. 

foot 

ICCO 

I2*COO 

Amflerdam 

..  ell 

foot 

1065^ 

12*792 

Antwerp 

- ell 

foot 

1033 

12*396 

Rynland,  or  Leyden 

- ellj 

foot 

942 

11*304 

Frankfort 

- ell  1 

foot 

1103 

13*236 

Flamburgh 

- ell| 

foot 

946 

11*352 

Leipfic 

- ell 

foot 

1184 

14*208 

Lubeck 

- ell 

foot 

958 

I i’^96 

Noremburgh 

- ell 

foot 

919 

1 1*028 

Bavaria 

. ell 

foot 

991 

1 1 *892 

Vienna 

- ell 

foot 

920 

1 1 *040 

Bononia 

- ell 

foot 

964 

1 1*568 

Dantzic 

- ell 

foot 

954 

11*448 

Florence  - • B 

race  or  ell 

foot 

948  ■ 

11*376 

Spanifh,  orCaftilc 

- palm 

foot 

I CO  I 

12*012 

Spaniih 

- vare 

foot 

899 

10*788 

Lilbon 

- vare 

foot 

967 

1 1*604 

Gibraltar 

- vare 

foot 

972 

I 1-664 

Toledo 

- vare 
r palm 
•s  brace 

foot 

1204 

14*448 

Naples 

foot 

1569 

18*838 

canna 

foot 

1162 

^3-944 

Genoa 

- palm 

foot 

944 

I 1*328 

Milan 

calamus 

foot 

965 

1 1*580 

Parma 

- cubit 

foot 

1026 

12*3  12 

China 

- cubit 

foot 

183 1 

21*972 

Cairo 

- cubit 

foot 

1062 

12*744 

Old  Babylonian 

- cubit 

foot 

1007 

12*084 

Old  Greek 

- cubit 

foot 

970 

1 1*640 

Old  Roman 

- cubit 

ell 

3967 

47*604 

Turkhli 

- pike 

ell 

2076 

24*912 

Perfian 

- arafh 

Thoufandih 

Parts. 


2269 

2273 

2260 

1826 

1905 

2260 

1908 

2227 

954 

^053 

2147 

1903 

^9^3 
75  ‘ 
3004 

2750 
2760 
2685 
861 
2 100 
6880 
830 
6544 
1866 
1016 
1824 
1520 
1511 
1458 
2200 

3^97 


Inches. 


27*228 
27*276 
27*120 
2 1*9  12 
22*860 
27*120 
22*896 
26*724 
I 1*448 
12*636 
25*764 
22*836 
22*956 
9*012 
36*040 
33*odo 
33*120 
32*220 
10*332 
25*200 
82*560 
9*960 
78*528 
22*392 
12*192 
2 1*888 
18*240 
18*132 
17*496 
26*400 


MEASURING,  the  fame  as  Mensuration, 

vv  hich  fee. 

MECFIANICS,  a mixed  mathematical  fcience,  that 
treats  of  forces,  'motion,  and  moving  powers,  with 
their  effeQs  in  machines,  &c.  The  fcience  of  Mecha- 
j?ics  is  dihinguifhed,  by  Sir  Ifaac  Newton,  into  Prac- 


tical and  Rational : the  former  treats  of  the  Mechani-' 
cal  Powers,  and  of  their  various  combinations’;  the 
latter,  or  Rational  Mechanics,  comprehends  the  whole 
theory  and  dodfrine  of  forces,  with  the  motions  and  ef- 
fects produced  by  them. 

That  part  of  Mechanics,  which  treats  of  the  weight, 
N 2 gravity. 
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gravity,  and  equilibnum  of  bodies  and  powers,  is  called 
Statics  ; as  diilingiiiflied  from  tliat  part  which  conh- 
ders  the  Mechanical  powers,  and  their  application, 
which  is  properly  called  Mechanics. 

Some  of  the  principles  of  Statics  were  cllabiifiied 
by  Archimedes,  in  his  Treatife  on  the  Centre  of 
Gravity  of  Plane  Figures  : befides  which,  little  more 
upon  iViechanics  is  to  be  found  in  the  writings  of  the 
Ancients,  except  what  is  contained  in  the  8th  book  of 
Pappps’s  Mathematical  Colfediions,  concerning  the 
hve  Mechanical  Powers.  Galileo  laid  the  beil  lounaa.- 


tion  of  Mechanics,  when  he.  inveiligated  the  defeent  of 
heavy  bodies  ; and  fmee  his  time,  by  the  afiiilance  of 
the  new  methods  of  computation,  a great  progrefs  has 
been  made,  efpecially  by  Newton,  in  his  Principia, 
which  is  a.  general  treatife  on  Rational  and  Pnyfical  IVie- 
chaiiics,  in  its  largefl  extent.  Other  writers  on  this 
fcience,  or  fome  branch  of  it,  are,  Guido  Ubaldus,  in 
his  Liiber  Mechanicorum  5 Torricelli,  Libri  de  Motu 
Graviiim  naturaliter  Tefeendentium  & Projedtorum  ; 
Balianiis,  Traftatus  de  Motu  naturali  Gravium;  Huy- 
gens, Horologium  Oicillatorium,  and  Tradlatus  de 
Motu  Corporum  ex  Percuffione  ; Leibnitz,  Refiiteii- 
tia  Soiidorum  in  Adta  Eruditor.  an.  r684  ; Guldinus, 
He  Centro  Gravitatis  ; VFallis,  Tradtatusde  Mechani- 
ca  ; Varignon,  P.rojet  d’une  Nouvelie^  Mechanique, 
and  his  papers  in  the  Memoir.  Acad,  an,  1702  ; 
Borelli,  Tradlatus  De  Vi  Percuffionis,  He  Motionibiis 
Naturalibus  a Gravitate  pendentibus,  and  De  Motu 
Animalium  ; De  Chales,  Treatife  on  Motion  ; Par- 
dies,  Diicourfe  of  Local  Motion  ; Parent,  Elements 
of  Mechanics  and  Phyfics  ; Cafatus,  Mechani- 
ca ; Oughtred,  Mechanical  Inftitutions  ; Rohault, 
Tradfatus  de  Mechanica  ; Lam.y,  Mechanique  ; Keill, 
Introdudfion  to  true  Philofophy  ; De  la  Hire,  Me- 
chanique ; Mai'iotte,  Traite  du  Choc  des  Corps  j 
Ditton,  I.aws  of  Motion;  Herman,  Phoronomia; 
Gravefande,  Phyfics  : F.uler,  Tradfatus  de  Motu ; 
MufTchenbroek,  Phyfics  ; Bolfu,  Mechanique  ; Defa- 
guliers.  Mechanics  ; Rowming,  Natural  Philofophy  ; 
Emerfon,  Mechanics ; Parkinfon,  Mechanics  ; La 
Grange,  Mechanique  Analytique  ; Nicholfon,  Intro- 
dudioa  to  Natural  Philofophy;  Enfield,  Inllitutes 
of  Natural  Philofophy,  &c,  &c.  As  to  the  Deferip- 
tion  of  Machines,  fee  Strada,  Zeifingius,  Befibn, 
Augiiiline  de  Ramellis,  Boetler,  Leopold,  Sturmy, 
Perrault,  Limberg,  Emerfon,  Royal  Academy  of  Sci- 
ences, &c. 

In  treating  of  machines,  we  flioiild  confider  the 
weight  that  is  to  be  raifed,  the  power  by  which  it  is  to 
be  raifed,  and  the  inftrument  or  engine  by  which  this 
effedi  is  to  be  produced.  And,  in  treating  of  thefe, 
there  are  two  principal  problems  that  prefent  them- 
felves  : the  firil  is,  to  determine  the  proportion  which 
the  power  and  weight  ought  to  have  to  each  other, 
that  they  may  juft  be  in  equilibrio  ; the  fecond  is,  to 
determine  what  ought  to  be  the  proportion  between 
the  power  and  weight,  that  a machine  may  pioduce 
the  greatefl  effedt  in  a given  time.  All  writers  on 
Mechanics  treat  on  the  firft  of  thefe  problems,  but  few 
have  confidered  the  fecond,  though  not  lefs  ufeful  than 


the  other.  n 

As  to  the  firil  problem,  this  general  rule  holds  m all 
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powers ; namely,  that  when  the  power  and  weight  are 
reciprocally  proportional  to  the  diftances  of  the  diiec- 
tions  in  wdiich  they  adt,  from  the  centre  of  motion  ; 
or  when  the  produdl  of  the  power  by  the  dillance  of  its 
direaion,  is  equal  to  the  produT  of  the  v/eight  by  the 
dillance  of  its  direaion  ; this  is  the  cafe  in  which  the 
power  and  weight  fuftain  each  other,  and  are  in  equi- 
librio  ; fo  that  the  one  would  not  prevail  over  the 
other,  if  the  engine  were  at  reit  ; and  if  it  were  in 
motion,  it  would  continue  to  proceed  unifoimly,  if  it 
were  not  for  the  friaion  of  its  parts,  and  othci  relift-  ^ 
ances.  And,  in  general,  the  effea  of  any  power,  or 
force,  is  as  the  prodiia  of  that  force  multiplied  by  the 
diftance  of  its  direaion  from  the  centre  of  motion,  or 
the  produa  of  the  power  and  its  velocity  when  in  mo- 
tion, fince  this  velocity  is  proportional  to  the  dillance 
from  that  centre. 

The  fecond  general  problem  in  Mechanics,  is,  to 
determine  the  proportionbetween  the  power  and  weight, 
fo  that  w'hen  the  power  prevails,  and  the  machine  is  in 
motion,  the  greatefl  effedi  poffible  may  be  produced 
by  it  in  a given  time.  It  is  manifefl,  that  this  is  an 
enquiry  of  the  greatefl  importance,  though  few  have 
treated  of  it.  When  the  power  is  only  a little  greater 
than  what  is  fufficient  to  fuflain  the  weight,  the  motion 
iifiially  is  too  flow  ; and  though  a greater  weight  be 
raifed  in  this  cafe,  it  is  not  fufficient  to  compenfate  for 
the  lofs  of  time.  On  the  other  hand,  when  the  power 
is  much  greater  than  what  is  fufficient  to  fuflain  the 
weight,  this  is  raifed  in  lefs  time  ; buc  it  may  happen-  ^ 
that  this  is  not  fufficient  to  compenfate  for  the  lofs 
arifing  from  the  fmallnefs  of  the  load.  It  ought  there- 
fore to  be  determined  when  the  produdl  of  the  weight 
multiplied  by  its  velocity,  is  the  greatefl  poffible  for 
this  produa  meafures  the  effea  of  the  engine  in  a 
given  time,  which  is  always  the  greater  in  proportion 
both  as  the  weight  is  greater,  and  as  ^ its  velocity  is 
greater.  Eor  fome  calculations  on  this  problem,  fee 
Maclaurin’s  Account  of  Newton’s  Difeoveries,  p.  17  1 5 
&c  ; alfo  his  Fluxions,  art.  908  &c.  And,  for  the 
various  properties  in  Miechanics,  fee  the  feveral  terms 
Motion,  Force,  Mechanical  Powers,  IjEver,  &c. 

mechanic,  or  Mechanical,  fomething  re- 
lating to  Mechanics,  or  regulated  b^  the  nature  and 

laws  of  motion.  ^ r 'c 

Mechanical  is  alfo  ufed  in  Mathematics,  to  iignify 

a conflrudtion  or  proof  of  fome  problem,  not  done  in 
an  accurate  and  geometrical  m.anner,  hut  coarfely  and 
imartfully,  or  by  the  affiftancc  of  inftruments  ; as  arc 
moft  problems  relating  to  the  duplicature  of  the  cube, 
and  the  quadrature  of  the  circle. 

Mechanical  AffeBions,  fuch  preperties  in  matter, 
as  refult  from  their  figure,  bulk,  and  motion. 

Mechanical  Caufes,  are  fuch  as  are  founded  on 
Mechanical  Affedlions. 

Mechanical  Curve,  called  alfo  Tranfcendental,  is 
one  whofe  nature  cannot  be  exprefled  by  a finite  Alge- 
braical equation. 

Mechanical  Philofophy,  alfo  called  the  Corpiifcu- 
lar  Philofophy,  is  that  which  explains  the  pheno- 
mena of  nature,  and  the  operations  of  corporeal  things, 
on  the  principles  of  Mechanics  ; viz,  the  motion, 
gravity,  figure,  arrangement,  difpolition,  greatnefs. 
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or  fmallnefs  of  the  parts  which  compofe  natural  bo- 
dies. 

Mechanical  Solution y of  a Problem,  is.  either 
when  the  thing  is  done  by  repeated  trials,  or  when  the 
lines  ufed  in  the  folution  are  not  truly  geometrical,  or 
by  organical  conftriiftion. 

Mechanical  Ponuers,  are  certain  fimple  machines 
which  are  uied  for  raifrng  greater  weights,  or  overcom- 
ing greater  reliilances  than  could  be  cffedted  by  the  na- 
tural llrength  without  tliem. 

Thefe  limplc  machines  are  nfually  accounted  fix  in 
number,  viz,  the  I. ever,  the  Wheel  and  Axle,  or  Axis 
in  Peritrochio,  tly:  Pulley,  the  Inclined  Plane,  the 
Wedge,  and  the  Screw.  Of  the  various  combinations 
of  thefe  fimple  powers  do  all  engines,  or  compound 
machines,  confnl  : and  in  treating  of  them,  fo  as  to 
fettle  their  theoiy  and  properties,  they  are  confidered 
as  mathematically  exaft,  or  void  of  weight  and  thick- 
nefs,  and  moving  without  frihllon.  See  the  proper- 
ties and  demonftrations  of  each  of  thefe  under  the  feve- 
ral  words  Lever,  See.  To  which  may  be  added  the 
following  general  obfervations  on  them  all,  in  a connec- 
tive way. 

I.  A Lever y the  moil  fimple  of  all  the  mechanic 
powers,  is  an  engine  chiefly  ufed  to  raife  large 
weights  to  fmall  heights  ; fiich  as  a handfpike, 
when  of  wood  ; and  a crow,  when  of  iron.  In 
theory,  a lever  is  confidered  as  an  inflexible  line,  like 
the  beam  of  a balance,  and  fubjedt  to  the  fame  propor- 
tions ; only  that  the  power  applied  to  it,  is  commonly 
an  animal  power  ; and  from  the  different  ways  of  ufing 
it,  or  applying  it,  it  is  called  a lever  of  the  firfl,  fe- 
cond,  or  third  kind  : viz,  of  the  ill  kind,  when  the 
weight  is  on  one  fide  of  the  prop,  and  the  power  on 
the  other  ; of  the  zd  kind,  when  the  weight  is  between 
the  prop  and  the  power  ; and  of  the  3d  kind,  when  the 
power  is  between  the  prop  and  the  weight. 

Many  of  the  inflriiments  in  common  ufe,  are  levers 
of  one  of  the  three  kinds  ; thus,  pincers,  fheers,  for- 
ceps, fniiffers,  and  fuch  like,  are  compounded  of  two 
levers  of  the  firfl  kind  ; for  the  joint  about  which  they 
move,  is  the  fulcrum,  or  centre  of  motion  ; the  power 
is  applied  to  the  handles,  to  prefs  them  together  and 
the  weight  is  the  body  Avhich  they  pinch  or  cut.  The 
cutting  knives  ufed  by  druggifls,  patten-makers,  block- 
makers,  and  feme  other  trades,  are  levers  of  the  zd 
kind  : for  the  knife  is  fixed  by  a ring  at  one  end, 
which  makes  the  fulcrum,  or  fixed  point ; the  other 
end  is  moved  by  the  haud,  or  power  ; and  the  body  to 
be  cut,  or  the  refinance  to  be  overcome,  is  the  weight. 
Doors  are  lever?  of  the  zd  kind  ; the  hinges  being  the 
centre  of  motion  ; the  hand  applied  to  the  lock  is  the 
power  ; while  the  door  or  weight  lies  between  them. 
A pair  of  bellows  confifls  of  two  levers  of  the  zd  kind  ; 
the  centre  of  motion  is  where  the  ends  of  the  hoards  are 
fixed  near  the  pipe  ; the  power  is  applied  at  the  han- 
dles ; and  the  air  prefied  out  from  between  the  boards, 
by  its  refinance,  a^ls  againft  the  middle  of  the  boards 
like  a weight.  The  oars  of  a boat  are  levers  of  the  zd 
kind  : the  fixed  point  is  the  blade  of  the  oar  in  the  wa- 
ter ; the  power  is  the  hand  adting  at  the  other  end  ; 
and  the  weight  to  be  moved  is  the  boat.  And  the 
fame  of  the  rudder  of  a veficl.  Spring  flieers  and  tongs 


are  levers  of  the  3d  kind ; where  the  centre  of  motrori 
is  at  the  bow-fpring  at  one  end ; the  weight  or  refin- 
ance is  adted  on  by  the  other  end ; and  the  hand  or 
power  is  applied  between  the  ends.  A ladder  reared 
by  a man  againll  a wall,  is  a lever  of  the  3d  kind  : and 
fo  are  alfo  almoil  all  the  bones  and  miifcles  of  animals. 

In  all  levers,  the  effedl  of  any  power  or  weight,  is 
both  proportional  to  that  power  or  weight,  and  alfo  to 
its  dillance  from  the  centre  of  motion.  And  hence  it 
is  that,  in  raifing  great  weights  by  a lever,  we  chufe  the 
longed  levers;  and  alfo  rell  it  upon  a point  as  far  from 
the  hand  or  power,  and  as  near  to  the  weight,  as  poffi- 
ble.  Kence  alfo  there  will  be  an  equilibrium  between 
the  power  and  weight,  when  thofe  two  products  are 
equal,  viz,  the  power  multiplied  by  its  dillance,  equal 
to  the  weight  multiplied  by  its  dillance  ; when,  alfo, 
the  weight  and  power  are  to  each  other  reciprocally  as 
their  diitances  from  the  prop  or  fixed  point. 

z . The  Axis  in  Peritrochio,  or  Wheel  and  Axle,  is 
a fimple  engine  confilling  of  a wheel  fixed  upon  the 
end  of  an  axle,  fo  that  they  both  turn  round  together 
in  the  fame  time.  This  engine  maybe  referred  to  the 
lever  : for  the  centre  of  the  axis,  or  wheel,  is  the  fixed 
point ; the  radius  of  the  wheel  is  the  dillance  of  the 
power,  adling  at  the  circumference  of  the  wheel,  from 
that  point ; and  the  radius  of  the  axle  is  the  diltance 
of  the  weight  from  the  fame  point.  Keiice  the  effebl 
of  the  power,  independent  of  its  own  natural  intenfity, 
is  as  the  radius  of  the  wheel ; and  tlie  efFecl  of  the  weight 
is  as  the  radius  of  the  axle  : fo  that  the  two  will  be  in 
equilibrio,  when  the  two  produCls  are  equal,  which  are 
made  by  multiplying  each  of  thefe,  the  weight  and 
power,  by  the  radius,  or  dillance  at  which  it  ails  ; and 
then  alio,  the  weight  and  power  are  reciprocally  pro- 
portional to  thofe  radii. 

In  practice,  the  thicknefs  of  the  rope,  that  winds 
upon  the  axle,  and  to  which  the  weight  is  fallened, 
is  to  be  confidered:  which  is  done,  by  adding  half  its 
thicknefs  to  the  radius  of  the  axis,  for  its  dillance  from 
the  fixed  point,  when  there  is  only  one  fold  of  rope 
upon  the  axle  ; or  as  many  times  the  thicknefs  as  there 
are  folds,  wanting  only  one  half  when  there  are  feveral 
folds  of  the  rope,  one, over  another  ; which  is  the  rea- 
fon  that  more  power  mull  be  applied  when  the  axis  is 
thus  thickened  ; as  often  happens  in  drawing  water 
from  a deep  and  narrow  well,  over  which  a long  axle 
cannot  be  placed. 

If  the  rope  to  w'hich  the  powder  is  fallened,  be  fuc- 
cellively  applied  to  different  wheels,  whofc  diameters 
are  larger  and  larger  ; the  axis  wull  be  turned  with  ililJ 
more  and  more  eafe,  unlefs  the  intenfity  of  the  power 
be  diminifhed  in  the  fame  proportion  ; and  if  lo,  the 
axis  wull  always  be  drawn  wuth  the  fame  flrength  by  a 
powder  continually  diminifhing.  This  is  pradlifed  in 
Ipring  clocks  and  v/atches  ; where  the  fpiral  fpring, 
which  is  llrongeft  in  its  adlion  wdicn  ■ firll  w^ound  up, 
draw’s  the  fuzee,  or  continued  axis  in  peritrochio,  firll 
by  the  fmaller  wdieels,  and  as  it  unbends  and  becomes 
w^eak,  draw’s  at  the  larger  wdieels,  in  fuch  manner  that 
the  watch  work  is  always  carried  round  with  the  lame 
force. 

As  a very  fmall  axis  would  be  too  w^eak  for  vei*y 
great  weights,  or  a large  wheel  would  be  expenfive  as 
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"■A’cll  as  ciimberfome,  and  take  more  room  tlian  perhaps 
■can  be  fpared  for  it  ; therefore,  that  the  aclion  of  the 
power  may  be  incrcafed,  without  incurring  either  of 
thofe  inconveniences,  a compound  Axis  in  Peritrochio 
is  lift’d,  wliicli  is  effedted  by  combining  wheels  and 
axles  b"^'  means  of  pinions,  or  Imali  wheels,  upon  the 
axles,  the  teeth  of  which  take  hold  of  teeth  made  in 
the  large  wheels;  as  is  feen  in  clocks,  jacks,  and  other 
compound  machines.  And  in  fuch  a combination  of 
wheels  and  axles,  the  effedf  of  the  power  is  increafed  in 
the  ratio  of  the  continual  produdf  of  all  the  axles,  or 
fmall  wheels,  to  that  of  all  the  large  ones.  Thus,  if 
there  be  two  fmall  wheels  and  an  axle,  turning  three 
large  wheels  ; the  axle  being  2 inches  diameter,  and 
each  of  the  fmall  wheels  4 inches,  while  the  large  ones 
are  2 feet  or  24  inches  diameter;  then  2 X4  X 4=32 
is  the  continual  produdl  of  the  fmall  diameters,  and 
24  X 24  X 24  = 13824  is  that  of  the  large  ones; 
therefore  13824  to  32,  ot  432  to  i,  is  the  ratio  in 
wliich  the  power  is  increafed  : and  if  the  power  be  a 
man,  whofe  natural  ftrength  is  equal,  fuppofe,  to  150 
pounds  w’eight,  then  432  x 150  — 648001b,  01*28  ton 
] 8 cwt  641b,  is  the  weight  he  would  be  able  'to  ba- 
lance, fufpended  about  the  axle. 

3.  A Single  Pulley y is  a fmall  cvheel,  moveable  round 
an  axis,  called  its  centre  pin  ; which  of  itfelf  is  not 
properly  one  of  the  mechanical  powers,  becaufe  it 
produces  no  gain  of  power  ; for,  as  the  weight  hangs 
by  one  end  of  the  cord  that  paffes  over  the  pulley, 
and  the  power  adfs  at  the  other  end  of  the  fame,  thefe 
adf  at  equal  diilances  from  the  centre  or  axis  of  motion, 
and  confequently  the  power  is  equal  to  the  weight  wTen 
in  equilibrio.  So  that  the  chief  ufe  of  the  fingle  pulley 
is  to  change  the  diredfion  of  the  power  from  upwards 
to  downw^ards,  &c,  and  to  convey  bodies  to  a great 
•height  or  diftance,  wdthout  a perfoii  moving  from  his 
place. 

But  by  combining  feveral  fingle  pulleys  together,  a 
coniiderable  gain  of  power  is  made,  and  that  in  pro- 
portion to  the  additional  number  of  ropes  made  to 
pafs  over  them  ; and  yet  it  enjoys  at  the  fame  time 
the  properties  of  a lingle  pulley,  by  changing  the  direc- 
tion of  the  adtion  in  any  manner. 

4.  The  Inclined  Plane,  is  made  by  planks,  bars,  or 
beams,  laid  aflope  ; by  which,  large  and  heavy  bodies 
may  be  more  eafily  raifed  or  lowered,  by  Aiding  them 
up  or  down  the  plane  ; and  the  gain  in  power  is  in 
proportion  as  the  length  of  the  plane  to  its  height,  or 
as  radius  to  the  fine  of  the  angle  of  inclination  of  the 
plane  with  the  horizon. 

In  drawing  a weight  up  an  inclined  plane,  the  power 
adfs  to  the  greateft  advantage,  when  its  dlredlion  is  pa- 
rallel to  the  plane. 

5.  The  Wedge,  which  rcfembles  a double  inclined 
plane,  is  very  ufeful  to  drive  in  below  very  heavy 
weights  to  raife  them  but  a fmall  height,  alfo  in  cleav- 
ing and  fplitting  blocks  of  wood,  and  done  &c  ; and 
the  pow'er  gained,  is  in  proportion  of  the  Aant^  fide 
to  half  the  thicknefs  of  the  back.  So  that,  if  the 
back  of  a wedge  be  2 inches  thick,  and  the  fide  20 
inches  long,  any  weight  preffing  on  the  back  will  ba- 
lance 20  times  as  much  adling  on  the  fide.  But  the 
great  advantage  of  a wedge  lies  in  its  being  urged,  not 
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by  preffure,  but  ufually  by  perculiion,  as  the  blow  of 
hammer  or  mallet ; by  which  means  a wedge  may  b® 
driven  in  below,  and  fo  be  made  to  lift,  alrnoil  any  the 
greateh  weight,  as  the  largefl  fliip,  by  a man  ftriking 
the  back  of  a wedge  with  a mallet. 

To  the  w'edge  may  be  referred  the  axe  or  hatchet, 
the  teeth  of  faws,  the  chifel,  the  augur,  the  fpade  and 
fnovel,  knives  and  fwords  of  all  kinds,  as  alfo  the 
bodkin  and  needle,  and  in  a word  all  forts  of  inftruments 
wTich,  beginning  from  edges  or  points,  become  gra- 
dually thicker  as  they  lengthen  ; the  manner  in  which 
the  power  is  applied  to  fuch  iriilruraents,  being  differ- 
ent according  to  their  different  fliapes,  and  the  various 
ufes  for  which  they  have  been  contrived. 

6.  The  Screw,  is  a kind  of  perpetual  or  endlefs  In- 
clined Plane  ; the  power  of  which  is  flill  farther  affifled 
by  the  addition  of  a handle  or  lever,  where  the  power 
afts  ; fo  that  the  gain  in  power,  is  in  the  proportion 
of  the  circumference  deferibed  or  paffed  through  by 
the  power,  to  the  diftaiice  between  thread  and  thread 
in  the  ferew. 

The  ufes  to  which  the  ferew  is  applied,  are  various  ; 
as,  the  preffing  of  bodies  clofe  together ; fuch  as  the 
prefs  for  napkins,  for  bookbinders,  for  packers,  hot- 
preffers.  See. 

In  the  ferew,  and  the  wedge,  the  power  has  to  over- 
come both  the  weight,  and  alfo  a very  great  fridfion 
in  thofe  machines  ; fuch  indeed  as  amounts  fometimes 
to  as  much  as  the  weight  to  be  raifed,  or  more.  But 
then  this  fricfion  is  of  ufe  in  retaining  the  weight  and 
machine  in  its  place,  even  after  the  power  is  taken  off. 

If  machines  or  engines  could  be  made  without 
fridlion,  the  leafl  degree  of  power  added  to  that  which 
balances  the  weight,  would  be  fufheient  to  raife  it. 
In  the  lever,  the  fridtion  is  little  or  nothing  ; in  the 
wheel  and  axle,  it  is  but  fmall ; in  pulleys,  it  is  very 
confiderable  ; and  in  the  inclined  plane,  wedge,  and 
ferew,  it  is  very  great. 

It  is  a general  property  in  all  the  Mechanic  powers, 
that  when  the  weight  and  power  are  regulated  fo  as  to 
balance  each  other,  in  every  one  of  thefe  machines,  if 
they  be  then  put  in  motion,  the  power  and  weight 
will  be  to  each  other  reciprocally  as  the  velocities  of 
their  motion,  or  the  power  is  to  the  weight  as  the  ve- 
locity of  the  weight  is  to  the  velocity  of  the  power  ; 
fo  that  their  two  momenta  are  equal,  viz,  the  produdf 
of  the  power  multiplied  by  its  velocity,  equal  to  the 
produdt  of  the  weight  multiplied  by  its  velocity. 
A nd  hence  too,  univerfally,  what  is  gained  in  power, 
is  loll  in  time ; for  the  weight  moves  as  much  dower 
as  the  power  is  fmaller. 

Hence  alfo  it  is  plain,  that  the  force  of  the  power 
is  not  at  all  increafed  by  engines  ; only  the  velocity  of 
the  weight,  either  in  lifting  or  drawing,  is  fo  diminifhed 
by  the  application  of  the  inftrument,  as  that  the  mo- 
mentum of  the  weight  is  not  greater  than  the  force 
of  the  power.  Thus,  for  inflance,  if  any  force  can 
raife  a pound  weight  with  a given  velocity,  it  is  im- 
pofTible  by  any  engine  to  raife  2 pound  weight  with  the 
lame  velocity  : but  by  an  engine  it  may  be  made  to 
raife  2 pound  weight  with  half  the  velocity,  or  even 
1000  times  the  weight  with  the  locoth  part  of  the 
velocity. 
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See  Maclaurin’s  Account  of  Newton’s  Philof. 
Difcov.  book  2,  chap.  3 ; Hamilton’s  Philof.  Eff.  i ; 
Philof.  TrarX  53,  pa.  116;  or  Eanden’s  Memoirs, 
vol.  T,  pa.  I. 

MECHANISM,  either  the  condruXion  or  the 
machinery  employed  in  any  thing  ; as  the  Mechanifm 
of  the  barometer,  of  the  microicope,  See.  ^ 

MEDIUM,  the  fame  as  mean,  either  arithmetical, 
geometrical,  or  harmonical. 

Medium  denotes  aXo  that  fpace,  or  region,  or 
fluid,  &c,  through  which  a body  palfes  in  its  motion 
towards  any  point.  Thus,  the  air,  or  atmofpliere,  is 
the  medium  in  which  birds  and  beads  live  and,  move, 
and  in  which  a projedtile  moves  ; water  is  the  medium 
in  which  ddres  move  ; and  aether  is  a fuppofed  fubtile 
Medium  in  which  the  planets  move.  Glafs  is  aifo  called 
a Medium,  bemg  that  through  which  the  rays  of  light 
move  and  pafs. 

Mediums  refid  the  motion  of  bodies  moving  through 
them,  in  proportion  to  their  denfity  or  fpecific  gra- 
vity. 

Subtile  or  Mtherlal  Medium,  is  an  univerfal  one  wliofe 
exidence  is  by  Newton  rendered  probable.  He  makes 
it  univerfal  ; and  vadly  more  rare,  fubtile,  eladlc,  and 
aftive  than  air ; and  by  that  means  freely  permeating 
the  pores  and  interdices  of  all  other  Mediums,  and 
diffufing  Itfelf  through  the  whole  creation.  By  the 
intervention  of  this  fubtile  Medium  he  thinks  it  is 
that  mod  of  the  great  phenomena  of  nature  are  effec- 
ted. See  jEther. 

This  Medium  it  would  feem  he  has  recourfe  to, 
as  the  fil'd  and  mod  remote  phyhcal  fpring,  and  the 
ultimate  of  all  natural  caiifes.  By  the  vibrations  of 
this  Medium,  he  fuppofes  that  heat  is  propagated  from 
lucid  bodies  ; as  alfo  the  intenfenefs  of  heat  increafed 
and  preferred  in  hot  bodies,  and  from  them  commu- 
nicated to  cold  ones. 

By  this  Medium,,  he  fuppofes  that  light  is  refiefted, 
infleCted,  refradted,  and  put  alternately  into  fits  of 
eafy  reflection  and  tranfmidion  ; which  effeCts  he  alfo 
clfewhere  aferibes  to  the  power  of  attraction  ; fo  that 
it  would  feem,  this  Medium  is  the  fource  and  caufe 
even  of  attraction  itfelf. 

Again,  this  Medium  being  much  rarcr  within  tlie 
heavenly  bodies,  than  in  the  heavenly  fpaces,  and  grow- 
ing denfer  as  it  recedes  farther  from  them,  he  fup- 
pofes this  is  the  caufe  of  the  gravitation  of  thefe 
bodies  toivards  each  other,  and-  of  the  parts  towards 
the  bodies. 

Again,  from  the  vibrations  of  this  fame  Medium, 
excited  in  the  bottom  of  the  eye  by  the  rays  of  light, 
and  thence  propagated  through  the  capillaments  of 
the  optic  nerves  into  the  fenforium,  he  fuppofes  that 
vifion  is  performed  : and  fo  likewife  hearing,  from  the 
vibrations  of  this  or  fome  other  Medium,  excited  in 
the ’auditory  nerves  by  the  tremors  of  the  air,  and  pro- 
pagated through  the  capillaments  of  thofe  nerves  into 
the  fenforium  : and  fo  of  the  other  fenfes. 

And  again,  he  conceives  that  mufcniar  motion  is 
performed  by  the  vibrations  of  the  fame  Medium,  ex- 
cited in  the  brain  at  the  command  of  the  will,  and 
tlience  propagated  through  the  capillaments  of  the 
nerves  into  the  mufcles ; and  thus  contradling  and 
dilating  them. 


The  elaftlc  force  of  this  Medium,  he  (hews,  muff 
be  prodigioufly  great.  Light  moves  at  the  rate  of 
conflderably  more  than  10  millions  of  miles  in  a mi- 
nute ; yet  the  vibrations  and  pulfations  of  this  Me*' 
alum,  to  caufe  the  fits  of  eafy  reflection  and  tranf- 
miflion,  muff  be  fwlfter  than  light,  wdiich  is  yet  7- 
hundred  thorfand  times  fwlfter  than  found.  The 
claffic  force  of  this  Medium,  therefore,  in  proportion 
to  its  denfity,  muff  be  above  490C00  raulion  of  times 
greater  than  the  elailic  force  of  the  air,  in  proportion 
to  its  denfity  ; the  velocities  and  pulfes  of  the  elaffic- 
Mediums  being  in  a fubdnplicate  ratio  of  the  elaffici- 
ties,  and  the  rarities  of  the  Mediums,  taken  together- 
And  thus  may  it  be  conceived  that  the  vibration  of 
this  Medium  is  the  caufe  alfo  of  the  elafficity  of  bo- 
dies. 

Farther,  the  particles  of  this  MH’um  being  fuppofed- 
indefinitely  fmall,  even  fmaller  Lhan  thefe  ot  hffht  ; if 
they  be  likewife  fuppofed,  like  our  air,  endued  with  a 
repelling  power,  by  which  they  recede  from  each  other, 
the  fmallnefs  of  the  particles  may  exceedingly  contri- 
bute to  the  increafe  of  the  repelling  power,  and  con- 
fequentl)''  to  that  of  the  elafficity  and  rarity  of  the 
iMedium  ; by  that  means  fitting  it  for  the  free  tranf- 
miflion  of  light,  and  the  free  motions  of  the  heavenly 
bodies.  In  this  Medium  may  the  planets  and  comets 
roll  without  any  confiderable  reliffance.  If  it  be 
700,000  times  more  elaffic,  and  as  many  times  rarer,, 
than  air,  its  refill ance  will  be  above  600  million  times 
lefs  than  that  of  water  ; a refiftance  that  would  caufe 
no  fenfible  alteration  in  the  motion  of  the  planets  in. 
ten  thoufand  years. 

MEGAMETER.  See  Micrometer. 

M.E1BOMIUS  (Marcus),  a very  learned  perfon, 
of  the  I7tli  century,  of  a family  in  Germany  which, 
had  long  been  famous  for  learned  men.  He  devoted 
himfeif  to  literature  and  criticifm,  but  particularly  to 
the  learning  of  the  Ancients  ; as  their  mufic,  the  ffruc- 
ture  of  their  galleys,  &c.  In  1652  he  publifhed  a col- 
leClion  of  feven  Greek  authors,  who  had  written  upon 
Ancient  Mufic,  to  which  he  added  a Latin  verfion  by 
himfeif.  This  work  he  dedicated  to  queen  Chriilina 
of  Sweden  ; in  conleqnencc  of  which  lie  received  an 
invitation  to  tlrat  Princefs’s  court,  like  feveral  other 
learned  men,  which  he  accepted.  The  queen  engaged 
him  one  day  to  ling  an  air  of  ancient  mufic,  Avhile  a 
perfon  danced  the  Greek  dances  to  the  found  of  his 
voice  ; and  tlie  immoderate  mirth  Avhich  this  occalicned 
in  the  fpedtators,  fo  covered  him  with  ridicule,  and 
difgufted  him  fo  vehemently,  that  he  abruptly  left  the 
court  of  Sweden  immediately,  after  heartily  battering 
with  his  fills  the  face  of  Bourdclot,  the  favourite 
phylician  and  buffon  to  the  queen,  who  had  perfuaded 
her  to  exhibit  that  fpeUacle. 

Meiboraius  pretended  that  the  Hebrew  copy  of  the 
Bible  was  full  of  errors,  and  undertook  to  correct 
them  by  means  of  a metre,  which  he  fancied  he  had 
difeovered  in  thofe  ancient  writings  ; but  this  it  feems 
drew  upon  him  no  fmall  raillery  from  the  Learned,- 
Neverthelefs,  befides  the  work  above  mentioned,  he 
produced  feveral  others,  which  fliewed  him  to  be  a 
good  fcholar ; witnefs  his  Notes  upon  Diogenes  Laer- 
tins  in  Menage’s  ■ edition  ; his  Liber  cle  Fahrica. 
%r}remium,  1671,  in  >vhich  he. thinks  he  difeovered  the 
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iTictliod  in  wliicli  tlic  Ancients  difpofed  tlieli*  bancs  of 
oars  ; his  edition  of  the  Ancient  Greek  Mythologifts  ; 
and  his  Dialogues  on  Proportions,  a carious  work,  m 
which  the  interlocutors,  or  perfons  reprefented  as 
fpeaking,  are  Euclid,  Archimedes,  Apollonius,^ 
pus',  Eutociiis,  Theo,_and  _Hermotimus.  Ihis  iait 
work  was  oppoied  by  Eangius,  and  by  Dr.  WaLis,  m 
a conilderable  TraOd,  printed  in  the  hril  volume  of  his 

works.  r Trr 

MELODY,  is  the  agreeable  effeA  of  dmerent  mii- 

fical  founds,  ranged  or  difpofed  in  a proper  fiic- 
ceffion,  being  the  ehea  only  of  one  iingle  part,  voice, 
or  inftrument  ; by  which  it  is  dilhnguifhed  from  har- 
mony, which  properly  refults  from  the  union  of  two 
or  more  mufical  founds  heard  togethei. 

MENISCUS,  a lens  or  glafs,  convex  on  one  hde, 
and  concave  on  the  other.  Sometimes  alfo  called  a 
Ltme  or  Lunula.  See  its  figure  under  the  article 

Xj  ENS» 

To  find  the  Focus  of  a Men  feus,  the  rule  is,  as  the 
difference  between  the  diameters  of  the  convexity  and 
concavky,  is  to  either  of  them,  fo  is  the  otgr  d.ame- , 
ter,  to  the  focal  length,  or  diftance  of  tae  focus  ironi 
the  Menifeus.  So  that,  having  given  the  diameter  ot 
the  convexity,  it  is  eafy  to  find  tliat  of  the  concavity, 
fo  as  to  remove  the  focus  to  any  propofed  dillance 
from  the  Menifeus.  For,  if  D and  d be  the  diameters 
of  the  tw^o  fides,  and  f the  focal  diffance  ; then  hnce, 
by  the  rule  T)  ■—  d : F)  i d f, 
therefore  d : F)  f — d f 
or  ^ : r/  : D. 

Hence,  if  D the  diameter  of  the  concavity  be  double 
to  d that  of  the  convexity,  / will  be  equal  to  D, 
or  the  focal  diftance  equal  to  the  diameter ; and 
therefore  the  Menifeus  will  be  equivalent  to  a plano- 
convex lens.  , r 1 N 

Again,  if  D = id,  or  the  diameter  of  the  gneayuy 

triple  to  that  of  the  convexity,  then  will  / = ,,i>. 
or  the  focal  diftance  equal  to  the  radius  of  concavity  ; 
and  therefore  the  Menifeus  will  be  equivalent  to  a 

lens  eaually  convex  on  either  fide. 

But  if  D = yif,  then  will  /=  |D  s and  therefore 

the  Menifeus  will  be  equivalent  to  a fphere. 

I aftlv  if  D = then  will /be  infinite  ; and  theie- 
fore'a  ray  falling  parallel  to  the  axis,  will  ftill  continue 
pablel  b it  after  refraaion. 

^ MEMSTRULTM,  Solvent,  or  Dissolvent,  any 
fluid  that  will  diffolve  hard  bodies,  or  fcparate/dieir 
mrts  Sir  Ifaac  Newton  accounts  for  tne  addion  of 
^bftruums  from  the  acids  with  which  they  arc  im- 
^knated  ; the  particles  of  acids  being  endued  with 
I ftfouP-  attradive  force,  in  which  their  aaivity  con- 
fifts  aird  by  virtue  of  which  they  diffolve  bodies.  By 
this  attradion  they  gather  together  about  the  particles 
of  bodies,  whether  metallic,  ttony,  or  the  like,  and  a - 
here  very  clofely  to  them,  fo  as  fcarce  to  be  feparated 
Lm  them  by  diftiUation,  or  fublimation.  Thus 
konMy  attrading,  and  gathering  together  on  all 
f des,"hey  raife,  disjoin,  and  (hake  afunder  the  particles 
of  bodieJ,  I.  e.  they  diffolve  them;  and  by  he  at- 
iradive  power  with  which  they  rufh  agamft  the  par- 
tides  of  the  bodies,  they  move  the  fluid,  and  fo  excite 
heat,  (baking  fomc  of  the  particles  to  that  degree,  as 
,c  convert  them  into  air,  and  fo  generating  bubbles. 


Dr.  Keill  has  given  the  theory  or  foundation  of 
the  aftion  of  Menftruums,  in  feveral  propofitions. 
See  Attraction.  From  thofe  propofitions  are  per- 
ceived the  reafons  of  the  different  effects  of  differ- 
ent Menftruums  ; v.diy  fome  bodies,  as  metals,  diffolve 
in  a faline  Menftmum  ; others  again,  as  refins,  in  a 
fulphureoiis  one  ; &:c  : particularly  why  fflver  difiolves 
id  aqua  fortis,  and  gold  only  in  aqua  regis  ; all  the 
varieties  of  which  are  accountable  for,  from  the  dif- 
ferent degrees  of  coheiion,  or  attradfion  in  the  parts  or 
the  body  to  be  diiTolved,  the  different  diameters  and 
figures  of  its  pores,  the  different  degrees  of  attradion 
ill"  the  Menttruum,  and  the  different  diameters  and 
figures  of  its  parts. 

MENSLTRABIIATY,  the  fitnefs  of  a body  for 
being  applied,  or  conformable  to  a certain  meafure. 

MENSURATION,  the  ad,  or  art,  of  meafuring 
figured  extenfion  and  bodies  ; or  of  finding  the  di- 
menfions,  and  contents  of  bodies,  both  fuperficial  and 
folid. 

Every  different  fpecies  of  Menfur^tion  is  eftimated 
and  meafured  by  others  of  the  fame  kind  ; fo,  the 
folid  contents  of  bodies  are  meafured  by  cubes,  as  cubic 
inches,  or  cubic  feet,  &c  ; furfaces  by  fqiiares,  as 
fquare  inches,  feet,  &c  ; and  lengths  or  diftances  by 
other  lines,  as  inches,  feet,  &c. 

The  contents  of  redilinear  figures,  whether  plane 
or  folid,  can  be  accurately  determined,  or  expreiTed  ; 
but  of  many  curved  ones,  not.  So  the  quadrature  of 
the  circle,  and  cubature  of  the  fphere,  are  problems 
that  have  never  yet  been  accurately  folved.  See  the 
various  kinds  of  Menfuration,  as  Avell  as  that  of  the  dif- 
ferent figures,  under  their  refpedive  terms. 

The  firft  writers  on  Geometry  were  chiefly  writers 
on  Menfuration ; as  Euclid,  Archimedes,  &c.  Sec 
Quadrature  ; alfo  the  Preface  to  my  Menfuration, 
for  the  moft  ample  information. 

MERCATOR  (Gerard),  an  eminent  geographer 
and  mathematician,  was  born  in  1512,  at  Ruremondc 
in  the  Low  Countries.  He  applied  himfelf  with  fuch 
induftry  to  the  fciences  of  geography  and  mathema- 
tics, that  it  has  been  faid  he  often  forgot  to  eat  and 
fleep.  The  emperor  Charles  the  5th  encouraged  him' 
much  in  his  labours  ^ and  the  duke  of  Juliers  made 
him  his  cofmographer.  He  compofed  and  publifhed 
a Chronology  ; a larger  and  fmallcr  Atlas  ; and  lome 
Geographical  Tables  ; befide  other  books  in  Philofo- 
phy  and  Divinity.  He  was  alfo  fo  curious,  as  well  as 
ingenious,  that  he  engraved  and  coloured  his  maps  him- 
felf. He  made  various  maps,  globes,  and  other  mathe- 
matical inftruments  for  the  life  of  the  emperor;  and 
gave  the  moft  ample  proofs  of  his  uncommon  fliiil  in 
what  he  profefied.  Plis  method  of  laying  down  charts 
is  ftill  ufed,' which  bear  the  name  of  MercatoF s CJmrts  ; 
alfo  a part  of  navigation  is  from  him  called  MercatoF s 
Sailing. — He  died  at  Duifbourg  in  1594,  at  82  years  of 
age. — See  Mercator’s  Chart,  below. 

Mercator  (Nicholas),  an  eminent  matbemati- 
cian  and  aftronomer,  whofe  nam.e  in  High-Dutch  was 
Naujfnian,  was  born,  about  the  year  1640?  Holftein 
in  Denmark.  From  his  works  we  learn,  that  he  had 
an  early  and  liberal  education,  fuitable  to  his  diftim 
guifhed  genius,  by  which  he  was  enabled  to  extend  his 
° refearche* 
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refenrclies  into  the  mathematical  fciences,  and  to  make 
veiy  conliderable  improvements  : for  it  appears  from 
,liis  writings,  as  well  as  fi-om  the  charadler  given  of 
him  by  other  mathematicians,  that  his  talent  rather 
lay  in  improving,  and  adapting  any  difeoveries  and  im- 
pioyements  to  ufe,  than  invention.  However,  his  genius 
for  the  mathcmiatical  fciences  was  very  confpicuoiis, 
and  introduced  him  to  public  regard  and  eiieem  in 
his  own  country,  and  facilitated  a correfpondence  with 
iuch  as  were  eminent  in  thofe  fciences,  in  Denmark, 
Italy,  and  England.  In  confequence,  feme  ofhis  cor- 
, refpondents  gave  him  an  invitation  to  this  country, 
which  he  fame  time  after  accepted,  and  he  afterv/ards 
continued  in  England  till  his  death.  He  had  not 
been  long  here  before  he  was  admntted  F.  R.  S.  and 
gave  frequent  proofs  ofhis  clofe  application  to  fl.udy, 
as  well  as  of  his  eminent  abilities  in  improving  lome 
branch  or  other  of  the  fciences.  But  he  is  cliarged 
fometimes  with  borrowing  the  inventions  of  others, 
and  adopting  them  as  his  own.  And  it  appeared  upon 
fom.e  occafions  that  lie  was  not  of  an  over  liberal  mind 
in  fcientific  communications.  Thus,  it  had.fome  time 
before  him  been  obferved,  that  there  was  an  analogy 
between  a fcale  of  logarithmic  tangents  and  Wright’s 
protra(3:ion  ot  the  nautical  ineiidian  line,  which  confdled 
of  the  films  of  the  fecants  ; though  it  does  not  appear  by 
whom  this  analogy  was  firft  difeovered.  It  appears 
however  to  have  been  firft  publilhed,  and  introduced 
into  the  praftice  of  navigation,  by  Henry  Bond,  who 
mentions  this  property  in  an  edition  of  Norwood’s 
Epitome  of  Navigation,  printed  about  1645; 
again  treats  of  it  more  fully  in  an  edition  of  Gunter’s 
Works,  printed  in  1653,  where  he  teaches,  from  this 
property,  to  refolye  all  the  cafes  of  Mercator’s  Sailing 
by  toe  logarithmic  tangents,  independent  of  the  table 
of  meridional  parts.  This  analogy  had  only  been 
found  to  be  nearly  true  by  trials,  but  not  demoidl; rated 
to  be  a mathematical  property.  Such  demonflration 
feems  to  have  been  firll  difeovered  by  Mercator,  who, 
deiirous  of  making  the  rnoft  advantage  of  this  and 
another  concealed  invention  of  his  in  navigation,  by  a 
paper  in  the  Philofophical  Tranfadions  for  June  4, 
1666,  invites  the  public  to  enter  into  a wager  witli 
him  on  his  ability  to  prove  the  truth  or  falfchood  of 
the  fuppofed  analogy.  This  mercenary  propofal  it 
feems  was  not  taken  up  by  any  one,  and  Mercator 
referved  his  demonflration.  Oui'  author  however 
dihinguifned  himfelf  by  many  valuable  pieces  on  phi- 
lofophical and  mathematical  fubjeds.  His  firil  attempt 
M as,  ^ to  reduce  Aftrology  to  rational  principles, 
whicn  proved  a vain  attempt.  But  his  writings  of 
more  particular  note,  are  as  rolloiv  ; 

1.  Lofmcgraph'ia^  Jt%)e  l^efcriptio  Call  f?’  Terra  in  Cir- 
culos,  qua  fundamenium  Jleruitcr  fequenlihits  crdlne  Trlgo- 
nomctria  Sphericorum  Loganthmka,  fffe,  a Nicolao  HpuJ-, 
tnan  HoIJato  ; printed  at  Dantzick,  1651,  1 2mo.  ' 

2.  Rafiones  Iilatheniatica:  JuhduBa  anno  1643  ; Copen- 
hat  >'en,  in  410. 

. 3.  Z)e  Emendatwne  annua  Diatrlla  dua,  quihus  ex- 
'ponuniur  id  demon flraniur  Cycli  Solis  Cf  Luna,  idc  ; 
in  4to.  " ' ’ 

4*  I^ypothejis  yWrononuca  nova,  et  Coujenjus  ejus  cum 
Ohfervationlhus  ; Lond.  166^1,  in  folio. 

VoL.  H. 


S-  Logarkhmotechnla,  five  Methoclus  Confruendi  Lo‘ 
ganihnm  nova,  accurata,  et  facllls  / fcPipto  antehac 
conmunicata  anno  fc.  1667  ^^onls  Augufl;  cni  nunc  ac~ 
cedit,  Vera  ^fuadratiira  Hyperbola,  id  Inventlo  fumma 
Logai  'iiuinorum,  Auclore  Nicolao  IMercatore  Holfato 

Huh  ctlam  jungifur  Michaelis  Angeli 
Riccii  Exercltatlo  Ccometrica  de  Maxlmls  et  Minimis, 
hic  oh  argiimenti  prafantiarn  id  exemplarium  raritatem 
recufa  : Load.  1668,  in  410. 

6.  Injdituiionum  AJIronomicarum  lihri  ‘duo,  de  Motu  ' 
Ajirorutn  communi  id  proprio,  fcciindum  hypoihejes  vefe^ 
rum  id  rectnliorum  pracipuas  ; deque  Hypothefeon  ex  oh~ 
Jeivatis  confrutiione,  cum  tahulis  Tychonianis,  Solarihus, 
lainarihus,  lAinafolarihus,  id  RudHphinis  Solis,  Fixarum 

quhique  Errantium,  carumque  ujii  praceptis  et  exempli s 
cemmonfrato.  ^uhus  accedit  Appendix  de  iis,  qua  no^ 
v'ffnnis  temporihus  csditus  inHotucrunt  : Lond.  1676,  8vo. 

1 . Euclidis  Elementa  G conielrica,  novo  ordius  ac  tne-‘ 
thodojere,  demvnjlrata.  Una  cum  Nic,  Mercatoris  in 
Ge&metriam  Introuudlionc  hrevi,  qua  Magmtudinum  Ortus 
ex  gcmiinis  Principiis,  id  Ortarum  Ajfetliones  ex  ipfa  Gcneft 
dcrivaniur.  Lond.  1678,  i2mo. 

His  papers  in  the  Philofophical  Tranfadions,  are, 

A Problem  on  forne  Points  in  Navigation  \ vol.  i, 
pa.  215. 

2.  liluflrations  of  the  Logarithmo-technia  ; vol.  3, 
pa.  759. 

3.  Confiderations  concerning  his  Geometrical  and 
Diied  Method  for  linding  the  Apogees,  ExcentneitieSf, 
and  Anomalies  of  the  Planets  : vol.  5,  pa.  1168. 

h'l  creator  died  in  I594>  shout  54  years  of  age. 

IMERCAd  OR’s  Chart,  or  Projedion,  is  a projedion 
of  the  lurface  of  the  earth  in  piano,  fo  called  from 
Gerrard  Mercator,  a Flemifh  Geographer,  who  firll 
publiflied  maps  of  this  fort  in  the  year  1556  though 
it  was  Edward  Wright  who  firft  gave  the  true  prin- 
ciples of  fuch  charts,  with  their  application  to  Navi- 
gation, in  1599. 

in  this  chart  or  projedion,  the  meridians,  parallels, 
and  rhumbs,  are  all  draight  lines,  the  degrees  of  lon- 
gitude being  every  where  'increafed  fo  as  to  be  equal 
to  one  another,  and  having  the  degree&»of  latitude  alfo 
increafed  in  the  fame  proportion  ; namely,  at  every 
latitude  or  point  on  the  globe,  the  degrees  of  latitudcj 
and  of  longicude,  or  the  parallels,  are  increaled  in  the 
proportion  of  radius  to  the  fine  of  the  polar  dillance, 
or  cofine  of  the  latitude  ; or,  which  is  the  fame  thing, 
ill  the  proportion  of  the  fecant  of  the  latitude  to  ra- 
dius ; a proportion  which  has  the  effed  of  making  all 
the  parallel  circles  be  reprefented  by  parallel  and  equal 
right  lines,  and  all  the  meridians  by  parallel  lines  alfo, 
but  increafing  infinitely  towards  the  poles. 

hi'om  this  proportion  of  the  increafe  of  the  degrees 
of  the  meridian,  viz,  that  they  increafe  as  the  fecant  of 
the  latitude,  it  is  very  evident  that  the  length  of  ari 
arch  of  the  meridian,  beginning  at  the  equator,  is  pro- 
portional to  the  fum  of  all  the  fecants  of  the  latitude, 
i.  e.  that  jhc  increafed  meridian,  is  to  the  true  arch  of  it,' 
as  the  fum  of  all  thofe  fecants,  to  as  many  times  the 
radius.  But  it  is  not  fo  evident  that  the  fame  increafed 
meridian  is  alfo  analogous  to  a fcale  of , the  logarithmic' 
tangents,  which  however  it  is.  “ It  does  not  appear 
by  whom,  nor  by  what  accident,  was  difeovered  the 
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analogy  between  a fcale  of  logaritbmic  tangents  and 
Wright’s  prolradtion  of  the  nautical  meridian  line,  which 
confided  of  the  fums  of  the  fecants.  It  appears 
however  to  have  been  hrfl  piiblifhed,  and  introduced 
into  the  practice  of  navigation,  by  Mr.  Henry  Bond, 
v\  Iio  mentions  this  property  in  an  edition  of  Norwooa’s 
Epitome  of  Navigation,  printed  about  1645  j 
again  treats  of  it  more  fully  in  an  edition  of  Gunter’s 
\Wmks,  printed  in  1653,  where  he  teaches,  from  ^ this 
property,  to  refolve  all  the  cafes  oi  Mercator’s  Sailing 
by  the  logarithmic  tangents,  independent  of  the  table 
of  meridional  parts.  This  analogy  had  only  been  found 
however  to  be  nearly  true  by  trials,  but  not  demonftrated 
to  be  a mathematical  property.  Such  demonftration,  it 
feems,  was  firft  dilcovered  by  Mr.  Nicholas  Mercator, 
which  he  offered  a wager  to  difclofe,  but  this  not 
being  accepted 5 Mercator  referred  his  demonftration  ; 
as  mentioned  in  the  account  of  his  life  in  the  fore- 
going page.  • The  propofal  however  excited  the 
attention  of  mathematicians  to  the  fubjedt,  and  demon - 
ffrations  were  not  long  wanting.  The  lirft  was  pub- 
liflied  about  two  years  after,  by  James  Gregory,  in 
his  Exercitationes  Geometricie  ; from  hence,  and  other 
imiilar  properties  there  demonffrated,  he  (hews  how  the 
tables  of  logarithmic  tangents  and  fecants  may  eafily 
be  computed  from  the  natural  tangents  and  fecants. 

The  fame  analogy  between  the  logarithmic  tan- 
gents and  the  meridian  line,  as  alfo  other  fimilar  pro- 
perties, were  afterwards  more  elegantly  demonftrated 
by  Hr.  Halley,  in  the  Philof.  Tranf.  for  Feb.  1696, 
and  various  methods  given  for  computing  the  fame,  by 
examining  the  nature  of  the  fpirals  into  which  the 
rhumbs  are  transformed  in  the  ffereographic  projeftion 
of  the  fphere  on  the  plane  of  the  equator  : the  doHrine 
of  which  was  rendered  ftiil  more  eafy  and  elegant  by 
the  Ingenious  Mr.  Cotes,  in  his  Logometria,  ffrll 
printed  in  the  Philof.  Tranf.  for  1714,  and  afterwards 
in  the  colledlion  of  his  works  publifhed  I733j  by  his 
coufin  Hr.  Robert  Smith,  who  fucceeded  him  as  Plu- 
mian  profeffor  of  philofophy  in  the  Univerlity  of 
Cambridge.” 

The  learned  Hr.  Ifaac  Barrow  alfo,  in  his  Lefftiones 
Geometricce,  LeciE  xi,  Append,  firft  publilhed  in  1672, 
delivers  a fimiiar  property,  namely,  that  the  fiim  of 
all  the  fecants  of  any  arc,  is  analogous  to  the  logarithm 
of  the  ratio  of  r + j to  r — s,  viz,  radius  plus  fine 
to  radius  minus  fine  ; or,  which  is  the  fame  thing,  that 
the  meridional  parts  anfwering  to  any  degree  of  lati- 
tude, are  as  the  logarithms  of  the  ratios  of  the  verfed 
fines  of  the  diftances  from  the  two  poles.”  Preface  to 
sny  Logarithms,  pa.  t 00. 

The  meridian  line  in  Mercator’s  Chart,  is  a fcale 
of  logarithmic  tangents  of  the  half  colatitudes.  The 
differences  of  longitude  on  any  rhumb,  are  the  loga- 
rithms of  the  fame  tangents,  but  of  a different  fpecies  j 
thofe  fpecies  being  to  each  other,  as  the  tangents  of 
the  angles  made  v;ith  the  meridian.  Hence  any  fcale 
qf  logarithmic  tangents  is  a table  of  the  differences 
of  longitude,  to  feveral  latitudes,  upon  fome  one  de- 
terminate rhumb ; and  therefore,  as  the  tangent  of 
the  angle  of  fueh  a rhumb,  is  to  the  tangait  of 
any  other  rhumb,  fo  is.  the  difference  of  the  logarithms 
ef  any  two  tangents,  to  the  difference  of  longitude 
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on  the  propofed  rhumb,  intercepted  between  the  two 
latitudes,  of  whofe  half  complements  the  logarithmic 
tangents  wmre  taken. 

It  w^as  the  great  ffudy  of  our  predeceffors  to  con- 
trive fuch  a chart  in  piano,  with  ftraight  lines,  on 
which  all,  or  any  parts  of  the  wmrld,  might  be  truly* 
fet  down,  according  to  their  longitudes  and  latitudes, 
bearings  and  dittances.  A method  for  this  purpofc 
was  hinted  by  Ptolomy,  near  2000  years  fmee  ; and  a 
general  map,  on  fuch  an  idea,  was  made  by  Mercator  ; 
but  the  principles  were  not  demonftrated,  and  a ready 
w*ay  fhewn  of  deferibing  the  chart,  till  Wright  ex- 
plained how  to  enlarge  the  meridian  line  by  the  con- 
tinual addition  of  lecants  ; fo  that  all  degrees  of 
longitude  might  be  proportional  to  thofe  of  latitude, 
as  on  the  globe  : which  lenders  this  chart,  in  feveral 
refpefis,  far  more  convenient  for  the  navigator’s  ufe, 
than  the  globe  itlclf ; and  which  wdll  truly  Hew  the 
courfe  and  diilance  from  place  to  place,  in  all  cafes  of 
failing. 

Mercator’s  Sailing,  or  more  properly  Wright\. 
Sailing,  is  the  method  of  computing  the  cafes  of  failing 
on  the  principles  of  Mercator’s  chart,  wdiich  princi- 
ples were  laid  dowm  by  Edward  Vv^right  in  the  begin- 
ning of  the  laff  century  ; or  the  art  of  finding  on  a 
plane  the  motion  of  a fhip  upon  any  affigned  courfe, 
that  Hall  be  true  as  well  in  longitude  and  latitude,  as 
diftance  ; the  meridians  being  all  parallel,  and  the  pa- 
rallels of  latitude  ftraight  lines. 

In  the  right-angled  triangle 
hlc,  let  Kh  be  the  true  differ- 
ence of  latitude  between  twm 
places,  the  angle  hKc  the  angle 
of  the  courfe  failed,  and  A^“ 
the  true  diftance  failed ; then 
wdll  he  be  what  is  called  the 
departure,  as  in  plane  failing  : 
produce  Ah  till  AB  be  equal 
to  the  meridional  difference  of 
latitude,  and  draw  BC  parallel 
to  A ; lb  Hall  BC  be  the  dif- 
ference of  longitude. 

Now  from  the  ffmilarity  of 
the  two  triangles  Ahc,  ABC, 

wdien  three  of  the  parts  are  given,  the  reft  may  be. 
found  ; as  in  the  following  analogies : As 
Radius  : fin.  courfe  : : diftance  : departure  ; 

Radius  : cos.  courfe  : : diftance  : dif.  lat.  ; 

Radius  : tan.  courfe  ; ; merid.  dif.  lat : dif.  longitude. 

And  by  means  of  thefe  analogies  may  ail  the  cafes  of 
Mercator’s  Sailing  be  refolved. 

MERCURY,  the  fmalleft  of  the  inferior  planets, 
and  the  neareff  to  the  fun,  about  which  it  is  carried 
with  a very  rapid  motion.  Hence  it  w^as,  that  the 
Greeks  called  this  planet  after  the  name  of  the  nimble 
meffenger  of  the  Gods,  and  reprefented  it  by  the  fi- 
gure of  a youth  with  wings  at  liis  head  and  feet ; from 
whence  is  derived  ^ , the  charaAer  in  prelent  ufe  for 
this  planet. 

The  mean  diftance  of  Mercury  from  the  fun,  is  to 
that  of  the  earth  from  the  fun,  as  387  to  roco,  and 
therefore  his  diftance  is  about  36  millions  of  miles,  or 
little  more  than  one-third  of  the  earth’s  diftance  from 
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the  fun.  Hence  tlie  fun’s  diameter  will  appear  at 
Mercuiy,  near  3 times  as  large  as  at  the  earth  ; and 
hence  alfo  the  fun’s  light  and  heat  received  there  is 
about  7 times  thofe  at  the  earth  ; a degree  of  heat  fuf- 
ficient  to  make  water  boil.  Such  a degree  of  heat 
therefore  mull  render  Mercury  not  habitable  to  crea- 
tures of  our  conftitution  : and  if  bodies  on  its  fiirface 
be  not  inflamed,  and  fet  on  fire,  it  muff  be  becaufe  their 
degree  of  denfity  is  proportionably  greater  than  that  of 
fuch  bodies  is  with  us. 

The  diameter  of  Mercury  is  alfo  nearly  one-third 
of  the  diameter  of  the  earth,  or  about  2600  miles. 
Hence^  the  furface  of  Mercury  is  nearly  i-pth, 
and  his  magnitude  or  bullv  1-2  7th  of  that  of  the 
earth. 

The  inclination  of  his  orbit  to  the  plane  of  the 
ecliptic,  is  6°  54  > his  period  of  revolution  round  the 
fun,  Sydays  23hours ; his  greatell  elongation  from 
the  fun  28°  ; the  excentricity  of  his  orbit  of  his 
mean  diflance,  which  is  far  greater  than  that  of  any  of 
the  other  planets ; and  he  moves  m his  orbit  about  the 
fun  at  the  amazing  rate  of  95000  miles  an  hour. 

The  place  of  his  aphelion  is  23°  8' ; place  of  af- 
cending  node  y 14°  43^,  and  confequently  that  of  the 
defeending  node  iq  14°  43'. 

His  Length  of  day,  or  rotation  on  his  axis.  Inclina- 
tion of  axis  to  his  orbit,  Gravity  on  his  furface,  Len- 
lity,  and  Quantity  of  matter,  are  all  unknown. 

Mercury  changes  his  phafes,  like  the  moon,  accord- 
ing to  his  various  pofitions  with  regard  to  the  earth  and 
fun  ; except  only,  that  he  never  appears  quite  full,  be- 
caufe his  enlightened  iide  Is  never  turned  diredtly  to- 
wards us,  unlefs  when  he  is  fo  near  the  fun  as  to  be  loft 
to  our  fight  in  his  beams.  And  as  his  enlightened  fide 
is  always  towards  the  fun,  it  is  plain  that  he  Ihines  not 
by  any  light  of  his  own  ; for  if  he  did,  he  would  con- 
ftantly  appear  round. 

The  belt  obfervations  of  this  planet  are  thofe  made 
when  it  is  feen  on  the  fun’s  dife,  called  its  tranfit  ; for 
in  its  lower  conjunaion,  it  fometimes  paflTes  before  the 
fun  like  a little  fpot,  eclipfing  a fmall  part  of  the  fun’s 
body,  only  obfcrvable  with  a telefcope.  That  node 
from  ^vhich  Mercury  afeends  northward  above  the 
ecliptic,  is  in  the  15th  degree  of  Taurus,  and  the  op- 
polite  in  the  15th  degree  of  Scorpio.  The  earth  is  in 
thofe  parts  on  the  6th  of  November,  and  4th  of  May, 
new  Ityle  and  when  Mercury  comes  to  either  of  his 

nodes  at  his  inferior  conjunflion  about  thefe  times,  he 

will  appear  in  this  manner  to  pals  over  the  dife  of  the 
fun.  But  in  all  other  parts  of  his  orb.t,  his  conjunc- 
tions are  invifible,  becaufe  he  goes  either  above  or  be- 
low the  fun.  I'he  lirll  obfervation  of  this  kind  was 
made  by  Galfendi,  in  November  1631.  Several  fol- 
lowing obfervations  of  the  like  tranfits  are  colledled  in 
Hu  Hamel’s  Hilt,  of  the  Royal  Acad,  of  Sciences, 
pa.  47^?  2.  And  Mr.  Whillon  has  given  a lift  of 

fcveral  periods  at  which  Mercury  may  be  feen  on  tlie 
fun  s difc,  viz,  in  1782,  Nov.  12,  at  3h  44m  after- 
noon ; in  1780,  May  4th,  at  6h  in  the  forenoon  ; 

•jn  I7'^9’  Hec.  6th,  at  3!!  55^'^^  afternoon  ; and  in  1799, 
May  7th,  at  ah  34^^^  afternoon.  There  are  alfo  feve- 
1 al  intermediate  tranlifs,  but  none  of  them  vilible  at 
London.  See  Hr.  Halley’s  account  of  the  I'ranlits  of 
Mercury  and  Venus,  in  the  Phiiof.  Tranf  11°.  193, 
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MERIHIAN,  in  Akronomy,  is  a great  circle  of 
the  celeftial  fphere,  palling  through  the  poles  of  the 
world,  and  both  the  zenith  and  nadir,  crofling  the 
equinoikial  at  right  angles,  and  dividing  the  fphere 
into  tAvo  equal  parts,  or  liemifpheres,  the'^one  eallern, 
and  the  other  welfern.  Or,  the  Meridian  is  a vertical 
circle  pairing  through  the  poles  of  the  world. 

It  IS  called  Meridian,  from  the  Latin  tTieridiesj  mid- 
day or  noon,  becaufe  when  the  fun  comes  to  the  fouth 
part  of  this  circle,  it  is  noon  to  all  thofe  places  fituated 
under  it. 

Meridian,  in  Geography,  is  a great  circle  pafling 
through  the  poles  of  the  earth,  and  any  given  place 
whofe  Meridian  it  is;  and  it  lies  exactly  under,  or  in 
the  plane  of,  the  cclellial  Meridian. 

V hefe  Meridians  are  various,  and  change  according 
to  the  longitude  of  places  ; fo  that  their  number  may 
be  faid  to  be  infinite,  for  that  all  places  from  eall  to  welt 
have  their  feveral  Meridians.  Farther,  as  the  Meridian 
invefts  the  wdiole  earth,  there  are  many  places  fituated 
under  tlie  fame  Meridian.  Alio,  as  it  is  noon  when- 
ever the  centre  of  the  fun  is  in  the  celefa'ai  Meridian  ; 
and  as  the  Meridian  of  the  earth  is  in  the  plane  of  the 
former  ; it  follows,  that  it  is  noon  at  the  fame  time,  in 
all  places  fituated  under  the  fame  Meridian. 

Flr^fl  Meridian,  is  that  from  wLich  the  rek  are 
counted,  reckoning  both  eak  and  wek  ; and  is  the 
beginning  of  longitude. 

The  fixing  of  the  Firk  Meridian  is  a matter  merely 
arbitrary ; and  hence  different  perions,  nations,  and 
ages,  have  fixed  it  differently ; from  which  circum- 
kance  fome  confufion  has  arifen  in  geography.  The 
rule  among  the  Ancients  was,  to  make  it  pafs  through 
the  place  farthek  to  the  wek  that  was  known.  But  the 
Moderns  knowing  that  there  is  no  fuch  place  on  the 
■<^arth  as  can  be  ekeemed  the  mok  wekerly,  the  way  of 
computing  the  longitudes  of  places  from  one  fixed 
point  is  much  laid  alide. 

Ptolomy  affumed  the  Meridian  that  paffes  through 
the  fai  thek  oI  the  Canary  lliands,  as  ms  firk  IVIcruhan ; 
tliat  being  the  mok  wekern  place  of  the  world  then 
known.  After  him,  a-s  more  countries  were  difeo- 
veied  in  that  quarter,  the  Firk  AI endian  was  remov 
farther  off.  The  Arabian  geographers  chofe  to 
the  Firk  Meridian  upon  the  utmoll  fhore  of  the  wekeni 
ocean.  Some  fixed  it  to  the  ifland  of  St.  Nicholas 
near  the  Cape  Verd  ; Hondius  to  the  ifle  of  St. 
James  ; others  to  tlie  lilaud  of  Hel  Coivo,  one  of  the 
Azores  ; becaufe  on  that  ifland  the  magnetic  needle 
at  that  time  jiointed  direcbly  north,  without  any  va- 
riation : and  it  was  not  then  known  that  the  varia- 
tion of  the  needle  is  itfelf  fubject  to  variation.  The 
latck  geograpiiers,  particularly'  the  Hutch,  have  pitch- 
ed on  the  Pike  of  Teneriffe  ; others  on  the  Ifle  of 
Palm,  another  of  the  Canaries  ; and  lakly,  the  French, 
by  order  of  the  king,  on  the  ifland  of  Fero,  another 
of  the  Canaries. 

But,  without  much  regard  to  any  of  theffe  ruk  s, 
geographers  and  map- makers  ohcMi  affnnie  the  i'vleridi.in 
of  the  place  where  they  live,  or  tii-e  capital  of  their 
country,  or  its  cluVf  obferval ory,  toi  a Firll  Meridian  ; 
and  ironi  thence  reckon  the  lonnjtudeG  of  ulaces,  eait 
and  wek. 

AkronomerSj  in  their  celculations,  ufiialiv  choofe 
Oz  ' tic 
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the  Meridian  of  the  place  where  their  phfervations  are 
made,  for  their  Firft  Meridian  ; as  Ptolomy  at  Alex- 
andria ; Tycho  Brahe  at  Uranibourg ; Riccioli  at 
Bologna;  Flamfteed  at  the  Royal  Obfervatory  at 
Greenwich  ; and  the  French  at  the  Obfervatory  at 
IPtin  s* 

There  is  a fuggeftion  in  the  Philof.  Tranf.  that  the 
Meridians  vary  in  time.  And  it  has  been  faid  that  this 
is  rendered  probable,  from  the  old  Meridian  lint  in  the 
church  of  St.  Petronio  at  Bologna,  which  is  faid  to 
vary  no  lefs  than  8 degrees  from  the  true  Meridian  of 
the  place  at  this  time  5 and  from  the  Meridian  of  Ty- 
cho at  Uranibourg,  which  M.  Picart  obferves,  varies 
3 8 minutes  from  the  modern  Meridian.  If  there  be  any 
thing  of  truth  in  this  hint.  Dr.  Wallis  fays,  the  alte- 
ration muft  arife.  from  a change  of  the  terreflrial  poles 
fhere  on  earth,  of  the  earth’s  diurnal  motion),  not  of 
their  ppinting  to  this  or  that  of  the  fixed  ftars  . for  if 
the  poles  of  the  diurnal  motion  remain  fixed  to  the, 
fame  place  on  the  earth,  the  Meridians,  which  pais ^ 
through  thefe  poles,  muit  remain  the  famie. 

But  the  notion  of  the  changes  of  the  Meridian  feepis 
overthrown  by  an  obferr^ation  of  M.  Chazelles,  of  the 
French  Academy  of  Sciences,  who,  when  in  Egypt, 
found  that  the  four  fides  of  a pyramid,  built  3000  yeai'S 
ago,  ftill  looked  verycxaTly  to  the  four  cardinal  points. 
A pofition  which  cannot  be  confidered  as  merely  for- 
tuitous. T . 1 1 

Meridian  oJ^  ci  Glohc^  or  Sphere,  is  the  brazen  cir- 
cle, in  which  the  globe  hangs  and  turns. 

It  is  divided  into  four  90’s,  or  360  degrees,  begm- 
Tiing  at  the  equinodtial:  on  it,  each  way,  from  the 
equinodial,  on  the  celeftial  globes,  is  counted  the 
north  and  fouth  declination  of  the  fun,  moon,  orftais  ; 
and  on  the  terreflrial  globe,  the  latitude  of  places, 
north  and  fouth.  There  are  two  points  on  this  circle 
called  the  poles  ; and  a diameter,  continued  from  thence 
through  the  centre  of  either  globe,  is  called  the  axis  of 
the  earth,  or  .heavens,  on  which  it  is  fuppofed  they 

turn  round.  r n j 

On  the  terreflrial  globes  there  are  ufually  drawn  36 

Meridians,  one  through  every  loth  degree  of  the  equa- 
tor, or  through  every  loth  degree  of  longitude.^ 

The  ufes  of  this  circle  are,  to  fet  the  globes  in  any 
particular  latitude,  to  fliew  the  fun’s  or  a liar’s  decli- 
nation, right  afeenfion,  greatefl  altitude, 

Meridian  Line,  an  arch,  or  part,  of  the  Meridian 
of  the  place,  terminated  each  way  by  the  horizon.  Or, 
a Meridian  line  is  the  interfeTion  of  the  plane  of  the 
Meridian  of  the  place  with  the  plane  of  the  horizon, 
often  called  a north-and-fouth  line,  becaufe  its  di- 

redlion  is  from  north  to  fouth. 

The  Meridian  line  is  of  mofl  effential  ufe  in  aflrono- 
my,  geography,  dialling,  &c  ; and  the  greatefl  pains 
are  taken  by  aflronomers  to  fix  it  at  their  obfervatories 
to  the  utmofl  precifion.  M.  Caffini  has  diflinguiflied 
himfelfbya  Meridian  line  drawn  on  the  pavement  of 
the  church  of  St.  Petronio,  at  Bologna ; being  ex- 
tended to  120  feet  in  length.  In  the  roof  of  this 
church,  1000  inches  above  the  pavement,  is  a fmall 
hole,  through  which  the  fun’s  image,  wlien  in  the 
meridian,  falling  upon  the  line,  marks  his  progrefs  all 
the  year.  When  finifhed,  M.  Caffini,  by  a public 
writing,  quaintly  informed  the  mathematicians  of  Eu- 


rope, of  a new  oracle  of  Apollo,  or  the  fun,  eftablifh- 
ed  in  a temple,  which  might  be  confulted,  with  entire 
confidence,  as  to  ail  difficulties  in  allronomy.  See 
Gnomon. 

To  dranv  a Meridian  Line. — There  are  many  ways 
of  doing  this  ; but  fome  of  the  eafieft  and  fimpiell  are 
as  follow : 

1.  On  an  horizontal  plane  deferibe  feveral  concentric 
circles  AB,  ah,  Szc,  and  on  the 
commson  centre  C eredt  a ftile,  or 
gnomon,  perpendicular  to  the 
horizontal  plane,  of  about  a foot 
in  length.  About  the  2 ill  of 
June,  between,  the  hours  of  9 and 
1 1 in  the  morning,  and  between 
I and  3 in  the  afternoon,  obferve 
the  points  A,  a,  B,  h,  &c,  in 
the  circles,  where  the,  ffiadow  of 
the  Rile  terminates.  Bifedl  the  arches  AB,  ah, 
in  D,  d,  Szc.  If  then  the  fame  right  line  DE  bifedt 
all  thefe  arches,  it  will  be  the  Meridian  line  fought. 

As  it  is  not  eafy  to  determine  preciiely  the  extremity 
of  the  ffiadow,  it  will  be  beR  to  make  the  Rile  fiat  at 
top,  and  to  drill  a fmall  hole  through  it,  noting  the 
lucid  point  projedted  by  it  on  the  arches  AB  and  ah^ 
inRead  of  marking  the  extremity  of  the  fnadow  itfelf, 

2.  Another  method  is  thus:  Ivnov/ing  the  fouth 
quarter  pretty  nearly,  obferve 
the  altitude  EE  of  fome  Rar 
on  the  eaR  fide  ofit,  and  not  far 
from  the  Meridian  HZRN  : 
then,  keeping  the  quadrant 
firm  on  its  axis,  fo  as  the 
plummet  may  Rill  cut  the 
fame-Megree,  diredt  it  to  the 
weRern  fide  of  the  Meridian, 
and  wait  till  you  find  the  Rar 
has  the  fame  altitude  as  be- 
fore, as  fe.  LaRly,  bifedl  the  angle  EC^-,  formed  by 
the  interfedlion  of  the  two  planes  in  which  the  quadrant 
has  been  placed  at  the  time  of  the  two  obfervations,  by 
the  right  line  HR,  which  will  be  the  Meridian 
fought. 

Many  other  methods  are  given  by  authors,  of  de- 
feribing  a Meridian  line  ; as  by  the  pole  Rar,  or  by 
equal  altitudes  of  the  fun,  &c  ; by  Schooten  in  his 
Exercitationes  Geometriae  ; Grey,  Derham,  &c,  in 
the  Philof.  Tranf.  and  by  Fergufon  in  his  Ledlures  on 
Seledl  Subjedls. 

From  what  has  been  faid  it  is  evident  that  whenever 
the  fliadow  of  the  Rile  covers  the  Meridian  line,  the 
centre  of  the  fun  is  in  the  Meridian,  and  therefore  it  is 
then  noon.  And  hence  the  ufe  of  a Meridian  line  in 
adjuRingthe  motion  of  clocks  to  the  fun. 

If  another  Rile  be  eredled  perpendicularly  on  any 
other  horizontal  plane,  and  a fignal  be  given  when  the 
ffiadow  of  the  former  Rile  covers  the  Meridian  line 
drawn  on  another  plane,  noting  the  apex  or  extremity 
of  the  fliadow  projected  by  the  fecond  Rile,  a line 
drawn  through  that  point  and  the  foot  of  the  Rile  will 
be  a Meridian  line  at  the  2d  place. 

Or,  inRead  of  the  2d  Rile,  a plumb  line  may  be 
hung  up,  and  its  fliadow  noted  on  a plane,  upon  a 
fignal  given  that  the  ffiadow  of  another  plummet,  or 
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of  a ftile,  falls  exactly  in  another  Meridian  line,  at  a 
little  diftance  ; which  fhadow  will  give  the  other  Me- 
ridian line  parallel  to  -the  former. 

Meridian  Line^  on  a Dial,  is  a right  line  arihng 
from  the  interfeAion  of  the  Meridian  of  the  place  with 
the  plane  of  the  dial.  This  is  the  line  of  noon,  or 
12  o’clock,  and  from  hence  the  divifion  of  the  hour- 
line begins. 

Meridian  Line^  on  Gunter’s  fcale,  is  divided  un- 
equally towards  87  degrees,  in  fuch  manner  as  the  Me- 
ridian in  Mercator’s  chart  is  divided  and  numbered. 

This  line  is  very  ufeful  m navigation.  For,  ill,  It 
ferves  to  graduate  a fea-chart  according'  to  the  true 
proje(d:ion.  2d,  Being  joined  with  a line  of  chords,  it 
ferves  for  the  protraction  and  refolution  of  fuch  reCti- 
lineal  triangles  as  are  concerned  in  latitude,  longitude, 
courfe,  and  diftance,  in  the  praCtice  of  failing;  as  alfo 
in  pricking  the  chart  truly  at  fea. 

Magnetical  Meridian,  is  a great  circle  pafling 
through  or  by  the  magnetical  poles  ; to  which  Meri- 
dians the  magnetical  needle  conforms  itfelf. 

Meridian  Altitude,  of  the  iun  or  itars,  is  their  alti- 
tude when  in  tire  meridian  of  the  place  where  they  are 
obferved. 

Meridional  Dijlance,  in  Navigation,  is  the  fame 
with  the  Departure,  or  calling  and  welling,  or  dif- 
tance between  two  meridians. 

Meridional  Parts^  Miles y or  Minutes y in  Naviga- 
tion, are  the  parts  of  the  increafed  or  enlarged  meri- 
dian, in  the  Mercator’s  chart.  Tables  of  thefe  parts 
are  in  moll  books  of  navigation  ; and  they  ferve  both 
for  conftruCling  that  fort  of  charts,  and  for  working 
that  kind  of  navigation. 

Under  the  article  Mercator’s  Char'y  it  is  ftiewn 
that  the  parts  of  the  enlarged  Meridian  increafe  in 
proportion  as  the  cofiiie  of  the  latitude  to  radius,  or, 
which  is  the  fame  thing,  as  radius  to  the  fecant  of  the 
latitude  ; and  therefore  it  follows,  that  the  whole  length 
of  the  enlarged  nautical  Meridian,  from  the  equator  to 
any  point,  or  latitude,  will  be  proportional  to  the  fum 
of  all  the  fecants  of  the  feveral  latitudes  up  to  that 
point  of  the  Meridian.  And  on  this  principle  was  the 
firft  Table  of  Meridional  Parts  conftrucled,  by  the  in- 
ventor of  it,  Mr.  Edward  Wright,  and  publifhed  in 
*599  y took  the  Meridional  parts 

of  I ' = the  fee.  of  T ; 
of  2^  = fee.  of  i ' -f  2'  ; 

of  3^  = fecants  of  i,  2,  and  3 min. 
of  4^  = fecants  of  i,  2,  3,  and  4 min. 

and  fo  on  by  a conftant  addition  of  the  fecants. 

The  Tables  of  Meridional  Parts,  fo  conftrufled,  are 
perhaps  exadt  enough  for  ordinary  pradtice  in  naviga- 
tion ; but  they  would  be  more  accurate  if  the  Meridian 
were  divided  into  more  or  fmaller  parts  than  fingle  mi- 
nutes ; and  the  fmaller  the  parts,  fo  much  the  greater 
the  accuracy.  * But,  as  a continual  fubdivifion  would 
greatly  augment  the  labour  of  calculation,  other  ways 
of  computing  fuch  a table  have  been  devifed,  and  treated 
of,  by  Bond,  Gregory,  Oughtred,  Sir  Jonas  Moor, 
Dr.  Wallis,  Dr.  Halley,  and  others.  See  Merca- 
tor’s Charty  and  Robertfon’s  Navigation,  vol.  2, 
book  8.  The  beft  of  thefe  methods  was  derived  from 
this  property,  viz,  that  the  Meridian  line,  in  a Merca- 
tor’s chart,  is  analogous  to  a fcale  of  logarithmic  tan- 


gents of  half  the  complements  of  the  latitudes  ; from 
which  property  alfo  a method  of  computing  the  cafes 
of  Mercator’s  Sailing  , has  been  deduced,  by  Dr.  Hal- 
ley. Vide  ut  fupra,  alfo  the  Philof.  Tranf.  vol.  46, 
pa.  559. 

To Jind  the  Meridional  Parts  to  any  Spheroidy  nvith 
the  fame  exaBnefs  as  in  a Sphere. 

Let  the  femidiameter  of  the  equator  be  to  the  dif- 
tance of  the  centre  from  the  focus  of  the  generating 
ellipfe,  as  wr  to  i.  Let  A reprefent  the  latitude  for 
which  the  meridional  parts  are  required,  s the  fine  of 
the  latitude,  to  the  radius  i : Find  the  arc  B,  whofe 

fine  is  — ; take  the  logarithmic  tangent  of  half  the 

complement  of  B,  from  the  common  tables  ; fubtradb 
the  log.  tangent  from  10*0000000,  or  the  log.  tangent 
of  45°;  multiply  the  remainder  by  the  number 
7915*7044679,  and  divide  the  produdl  by  m ; then  the 
quotient  fubtraTed  from  the  Meridional  parts  in  the 
fphere,  computed  in  the  ufual  manner  for  the  latitude 
A,  will  give  the  Meridional  parts,  exprefted  in  minutes, 
for  the  fame  latitude  in  the  fpheroid,  when  it  is  the  ob- 
late one. 

Example.  If  mm  : I : : 1000  : 22,  then  the  great- 
eft  difference  of  the  Meridional  parts  in  the  fphere  and 
fpheroid  is  76*0929  minutes.  In  other  cafes  it  is 
found  by  multiplying  the  remainder  above  mentioned 
by  the  number  1174*078. 

When  the  fpheroid  is  oblong,  the  difference  in  the 
Meridional  parts  between  the  fphere  and  fpheroid,  for 
the  fame  latitude,  is  then  determined  by  a circular  arc. 
See  Philof.  Tranf.  no.  461,  fedt.  14.  Alfo  Maclaurln’s 
Fluxions,  art.  895,  899.  And  Alurdoch’s  Alercator’s 
Sailing  &c. 

MERLON,  in  Fortification,  that  part  of  the  Para- 
pet, which  lies  betvvecn  two  embrafures. 

MERSENNE  (Martin),  a learned  French  au- 
thor, was  born  at  Bourg  of  Oyfe,  in  the  province  of 
Maine,  1588.  He  ftudied  at  I^a  Fleche  at  the  fame 
time  with  Des  Cartes  ; with  whom  he  contradled  a 
ftridt  friendftiip,  which  continued  till  death.  He  af- 
terwards went  to  Paris,  and  ftudied  at  the  Sorbonne  ; 
and  in  16  ii  entered  himfelf  among  the  Minims.  Pie 
liecame  well  fl<illed  in  Hebrew,  philofophy,  and  mathe- 
matics. From  1615  to  1619,  he  taught  philofophy 
and  theology  in  the  convent  of  Nevers  ; and  became' 
the  Superior  of  that  convent.  But  being  defirous  oi 
applying  himfelf  more  freely  and  clofely  to  ftudy,  he 
refigned  all  the  polls  he  enjoyed  in  his  order,  and  re- 
tired to  Paris,  where  he  fpent  the  remainder  of  his  life  ; 
excepting  fome  ftiort  excuriions  which  he  occafionally 
made  into  Italy,  Germany,  and  the  Netherlands. 

Study  and  literary  converfation  were  afterwards  his. 
whole  employment.  He  held  a correfpondence  with 
moll  of  the  learned  men  of  his  time  ; being  as  it  were 
the  very  centre  of  communication  between  literary  m.cn 
of  all  countries,  by  the  mutual  correfpondence  which 
he  managed  between  them  ; being  in  P'rance  what  Mr. 
Collins  was  in  England.  He  omitted  no  opportunity 
to  engage  them  to  publillr  their  works  ; and  the  world 
is  obliged  to  him  for  feveral  excellent  difcoverics,  which 
would  probably  have  been  loft,  but  for  his  encourage- 
ment ; and  on  all  accounts  he  had  the  reputation  of 
being  one  of  the  beft  men,  as  well  as  philofophers. 
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of  his  time.  No  perfon  was  more  curious  in  pene- 
trating into  the  fecrets  of  nature,  and  carrying  all  the 
arts  and  fcienccs  to  perfection.  He  was  the  chief 
friend  and  literary  agent  of  Des  Cartes  at  Paris  ; 
giving  him  advice  and  affiilance  upon  all  occahons,  and 
informing  him  of  all  that  paffed  at  Paris  and  elfewhere. 
For,  being  a perfon  of  univerfal  learning,  but  particu- 
larly excelling  in  'phyfical  and  mathematical  knowledge, 
Hes  Cartes  icarcely  ever  did  any  thing,  or  at  leail  was 
not  perfectly  fatisfied  with  any  thing  he  had  done, 
without  firft  knowing  what  Merfenne  thought  of 
it.  It  is  even  laid,  that  when  Merfenne  gave  out  in 
Paris,  that  Des  Cartes  was  creeling  a new  fyftem  of 
phyfics  upon  the  foundation  of  a vacuum,  and  found 
the  public  very  indifferent  to  it  on  that  very  account, 
he  immediately  fent  notice  to  Des  Cartes,  that  a va- 
cuum was  not  then  the  fafnion  at  Paris  ; upon  which, 
that  philofopher  changed  his  fyllem,  and  adopted  the 
old  docilrine  of  a plenum. 

Merfenne  was  a man  of  good  invention  alfo  himfelf ; 
and  he  had  a peculiar  talent  in  forming  curious  quef- 
tions,  though  he  did  not  always  fuccecd  in  refoiving 
them  ; however,  he  at  leaft  ^gave  occafion  to  others  to 
do  it.  It  is  faid  he  invented  the  Cycloid,  otherwife 
called  the  Pi.ouiette.  Prefently  the,  chief  geometri- 
cians of  the  age  engaged  in  the  contemplation  of  this 
nevr  curve,  among  whom  Merfenne  hirafelf  held  a dif- 
tinguifhed  rank.  After  a very  fliidious  and  ufeful  life, 
he  died  at  Paris  in  1648,  at  6o'years  of  age. 

Merfenne  was  author  of  many  ufeful  works,  particu- 
larly the  following : 

1 . S)uefliones  celeberrinm  in  Genefim, 

2.  Harmonicorurn  Lihr'u 

3.  De  Sonorum  Naturdy  Cati/is,  ei  Effedlhus. 

4.  Cogitata  Phyfico-Mathematica  ; 2 vols.  4to. 

5.  La  V eriid  des  Sciences. 

6.  Les  ^lejTions  monies. 

Befides  many  letters  in  the  works  of  Des  Cartes, 
and  other  authors, 

MESOLABE,  or  Mesolabium,  a mathematical 
inflrument  invented  by  the  Ancients,  for  finding  two 
mean  proportionals  mechanically,  which  they  could  not 
perform  geometrically.  It  confdls  of  three  parallelo- 
grams, moving  in  a groove  to  certain  interfedlions.  Its 
figure  is  deferibed  by  Eutocius,  in  his  Commentary  on 
Archimedes.  See  alfo  Pappus,  lib,  3. 

MESO-Logarithm,  a tenn  ufed  by  Kepler  to  fig- 
nify  the  logarithms  of  the  cofines  and  cotangents. 

METO,  or  Meton,  the  fon  of  Paufanias,  a famous 
mathematician  of  Athens,  who  flouriPned  432  years 
before  Chrift.  In  the  firft  year  of  the  87th  Olympiad, 
he  obferved  the  folftice  at  Athens  : and  piiblilhed  his 
Anne adec at 0 ride y that  is,  his  Cycle  of  19  Tears  ; by 
vVhich  he  endeavoured  to  adjuft  the  courfe  of  the  fun  to 
that  of  the  moon,  and  to  make  tlie  fclar  and  lunar 
years  begin  at  the  fame  point  of  time.  See  Cycle. 

Meton  I c Cycle,  called  alfo  the  Golden  Number  y 
2ind.  Lunar  Cycle , or  Cycle  of  the  M&ouy  that  which  was 
invented  by  Meton  the  Athenian  j being  a period  of 
19  years.  See  Cycle. 

METOPE,  or  Met  OP  A,  in  Architedlure,  the 
fquave  fpace  between  the  triglyphs  of  the  Doric 
Freeze  ; which  among  the  Ancients  ufed  to  be  adorned 
with  the  heads  of  beads,  bafons,  vaies,  and  other  in- 
ftrnmeiits  ufed  in  facrificing. 


A Demi-Metope  is  a fpace  fomewhat  lefs  than  half  a 
Metope,  at  the  corner  of  the  Doric  Freeze. 
-MICHAELMAS,  the  feaft  of  St.  Michael  the 
archangel ; held  on  the  29th  of  September. 

MICROCOUSTICS,  the  fame  with  Micro- 
phones. 

MICP,.OMETER,  is  aninftrument  ufually  fitted  to 
a teiefcope,  in  the  focus  of  the  obje6l-glafs,  for  mea- 
furing  frnall  angles  or  diftances  ; as  the  apparent  dia- 
meters of  the  planets,  &c. 

There  are  ieveral  ■forts  of  thefe  inftruments,  upon 
different  principles  ; the  origin  of  which  has  been  dif- 
pnted.  The  general  principle  is,  that  the  inflrument 
moves  a fine  wire  parallel  to  itfelf,  in  the  plane  of  the 
picture  of  an  obje6l,  formed  in  the  focus  of  a teiefcope, 
and  fo  with  great  exaflnefs  to  meafure'its  perpendicu- 
lar diftance  from  a fixed  wire  in  the  fqme  plane  : and 
thus  are  meafured  fmall  angles,  fubtended  by  remote 
obje6ls  at  the  naked  eye. 

For  examplcy  Let  a planet  he  viewed  through  the 
teiefcope  ; and  when  the  parallel  wires  are  opened  to 
filch  a diftance  as  to  appear  exa6lly  to  touch  tvro  op- 
pofite  points  in  the  circumference  of  the  planet,  it  is 
evident  that  the  perpendicular  diftance  between  the 
wires  is  then  equal  to  the  diameter  of  the  picture  of 
the  planet,  formed  in  the  focus  of  the  objecl-glafs. 
Let  this  diftance,  whofe  meafure  is  given  by  the  me- 
chanifm  of  the  micrometer,  be  reprefented  by  the  line 


A 


pq ; then,  fince  the  meafure  of  the  focal  diftance  yL 
may  be  alfo  known,  the  ratio  of  yL  to  qpy  that  is,  of  ra- 
dius to  the  tangent  of  the  angle  yLy),  will  give  the  angle 
itfelf,  by  a table  of  fines  and  tangents;  and  this  angle  is 
equal  to  the  oppofite  angle  PLQ^  which  the  real  diame- 
ter of  the  planet  fubtends  at  L,  or  at  the  naked  eye. 

With  refpedt  to  the  invention  of  the  Micrometer  ; 
MelT.  Azout  and  Picard  have  the  credit  of  it  in  com- 
mon fame,  as  being  tlie  firft  who  publifiied  it,  in  the 
year  1666  ; but  Mr.  Townley,  in  the  Philo f.  Tranf. 
reclaims  it  for  one  of  our  own  countrymen,  Mr.  Gaf- 
coigne.  He  relates  that,  from  fome  fcattered  papers 
and  letters  of  this  gentleman,  he  had  learnt  that  be- 
fore our  civil  wars  he  had  invented  a Micrometer,  of  as 
much  cffedl  as  that  fince  made  by  M.  Azout,  and  had 
made  life  of  it  for  forae  years,  not  only  in  taking  the 
diameters  of  the  planets,  and  diftances  upon  land,  but 
in  determining  other  matters  of  nice  importance  in  the 
heavens;  as  the  moon’s  diftance,  &c.  Mr.  Gafeoigne’s 
inftruincnt  alfo  fell  into  the  bauds  of  Mr.  Townlev,  who 
fays  fiirther,  that  by  the  help  of  it  he  could  make  above 
40,000  divifuDiis  in  afoot.  This  inftrnment being  fiiewn 
to  Dr.  Hook,  he  gave  a drawing  and  dcfcri])tiou  of  it, 
andpropofed  feveral  improvements  in  it;  winch  may  he 
feenin  the  Philof.  Tranf.  voL  [,pa.  63,  andAbr.  vol  i, 
pa.  217.  Mr.  Gafeoigne  divided  the  image  of  a.ii  ob- 
je6l,  in  the  focus  of  the  objeft-glafs,  by  thc'  ajmroach  of 
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two  pieces  of  metal,  ground  to  a very  fine  edge  ; in- 
ilead  of  which,  Dr.  Hook  would  fubfiitute  two  fine 
hairs,  ftretched  parallel  to  ef*ch  other  : and  two  other 
methods  of  Dr.  Hook,  dilF.rent  from  this,  are  de- 
fcribed  in  his  pofiliumous  works,  pa.  497  &c.  An  ac- 
count of  feveral  curious  obfervations  which  Mr.  Gaf- 
coigne  made  by  the  help  of  his  Micrometer,  particularly 
in  meafuring  the  diameter  of  the  moon  and  other  pla- 
nets, may  be  feen  in  the  Philof.  Tranf.  vol.  48,  pa.  190  ; 
where  Dr.  Be  vis  refers  to  an  original  letter  of  Mr.  Gaf- 
coigne,  to  Mr.  Oughtred,  written  in  1641,  for  an 
account  given  by  the  author  of  his  own  invention, 
&c, 

Monf.  De  la  Hire,  in  a difcourfe  on  the  ^ra  of 
the  inventions  I of  the  Micrometer,  pendulum  clock, 
and  telefcope,  read  before  the  Royal  Academy  of 
Sciences  in  1717,  makes  M.  Huygens  the  inventor  of 
the  Micrometer.  That  author,  lie  obferves,  in  his 
Obfervations  on  Saturn’s  Ring,  Rc,  publiflied  in  1659, 
gives  a method  of  finding  the  diameters  of  the  pianets 
by  means  of  a telefcope,  viz,  by  putting  an  objed, 
which  he  calls  a virgula,  of  a fize  proper  to  take  in  the 
difiance  to  be  meafured,  in  the  focus  of  the  convex 
objed-glafs  : in  this  cafe,  fays  he,  the  fmallefi  objed 
will  be  feen  very-  difiindly  in  that  place  of  the  glafs. 
By  fuch  means,  he  adds,  he  meafured  the  diameter  of 
the  planets,  as  he  there  delivers  them.  See  Huygens’s 
Syfiem  of  Saturn. 

This  Micrometer,  IM.  De  la  Hire  obferves,  is  fo 
very  little  different  from  that  publifhed  by  the  marquis 
De  Malvafia,  in  his  Ephemerides,  three  years  after, 
that  they  ought  to  be  efieemed  the  fame  : and  the 
Micrometer  of  the  marquis  differed  yet  lefs  from  that 
publifhed  four  years  after  his,  by  Azout  and  Picard. 
Hence,  De  la  Hire  concludes,  that  it  is  to  Pluygens 
the  w'orld  is  indebted  for  the  invention  of  the  Microme- 
ter; without  taking  any  notice  of  the  claim  of  our 
countryman  Gafeoigne,  which  however  is  many  years 
prior  to  any  of  them. 

De  la  Plire  fays,  that  there  is  no  miethod  more  fim- 
ple^  or  commodious  for  obferving  the  digits  of  an 
eclijpfe,  than  a net  in  the  focus  of  the  telefcope.  Thefe, 
he  lays,  were  ufually  made  of  filken  threads  ; and  for 
this  particular  purpefe  fix  concentric  circles  had  alfo 
been  ufed,  drawm  upon  oiled  paper  ; but  he  advifes  to 
draw  the  circles  on  very  thin  pieces  of  glafs,  with  the 
point  of  a diamond.  He  alfo  givcf  fome  particular  di- 
reclions  to  aflifi  perfons  in  ufing  them.  In  another 
memmir,  he  fliews  a.  method  of  making  ufe  of  the  fame 
net  for  all  eclipfes,  by  ufing  a telefcope  with  two 
objea-glafies,  and  placing  them  at  different  diilaiices 
from  each  other.  Mem.  1701  and  1717. 

M.  Caffimi  invented  a very  ingenious  method  of  af- 
certaining  the  right  afcenfions  and  declinations  of  Itars, 
by  fixing  four  crofs  hairs  in  the  focus  of  the  telefcope, 
and  turning  it  about  its  axis,  fo  as  to  make  them  move 
in  a line  parallel  to  one  of  them.  But  the  later  im- 
proved Micrometers  will  anfwer  this  purpofe  with 
greater  exaftnefs.  Dn  Mafkeiync  has  publifhed  direc- 
tions for  the  ufe  of  it,  extracted  from  Dr.  Bradley’s 
papers,  in  tlie  Philof.  Tranf.  vol.  62.  See  alfo.Smith’a 
Optics,  vol.  2,' pa.  343. 

Wolfius  defcn'bes  a Micrometer  of  a very  eafy  and' 
fimple  ftruflure,  firft  contrived  by  Kirchius. 

I)r.  Derham  tells  usj  that  Ins  Micrometer  is  not  put. 


into  a tube,  as  is  ufual,  but  is  contrived  to  meafurc  the 
fpe6lres  of  the  lun  on  paper,  of  any  radius,  or  to  mea- 
fure  any  part  of  them.  By  this  means  he  can  ealiiy, 
and  very  exaaiy,  with  the  help  of  a fine  thread,  take 
the  declination  of  a folar  fpot  at  any  time  of  the 
day  ; and,  by  his  half-feconds  watch,  meafure  the  dif- 
tance  of  the  fpot  from  either  limb  of  the  fun. 

J.  And.  Segner  propofed  to  enlarge  the  field  of  view 
in  thefe  Micrometer,  by  making  them  of  a confidera- 
ble  extent,  and  having  a moveable  eye-glafs,  or  feveral 
eye-glafies,  placed  oppofite  to  different  parts  of  it.  He 
thought  however,  that  two  would  be  quite  fufficient, 
and  he  gives  particular  directions  how  to  make  ufe  of 
fuch  Micrometers  in  afironomical  obfervations.  See 
Comm.  Getting,  vol.  i,  pa.  27. 

A confiderable  improvement  in  the  Micrometer  was 
communicated  to  the  Royal  Society,  in  1743,  ^7 
S.^  Savary  ; an  account  of  which,  extracted  from  the 
minutes^  by  Mr.  Short,  was  publifiied  in  the  Philof. 
Tranf.  for  1753*  I he  hrft  hint  of  fuch  a Micrometer 
was  fuggefted  by  M.  Roemer,  in  1675  • and  M.  Bou- 
guer  propofed  a confiruaion  fimilar  to  that  of  M.  Sa- 
vary, in  1748;  for  whicli  fee  Heliometer.  The 
late  iMr.»  Dollond  made  a farther  improvement  in  this 
kind  of  Micrometer,  an  account  of  which  was  given  to* 
the  Ro)ml  Society  by  Mr.  Short,  and  publifhed  in  the 
Phllol.  Prani.  vol.  48.  Infiead  of  two  objea-glafies,, 
he  ufed  only  one,  which  he  neatly  cut  into  two  femi- 
circles,  and  fitted  each  femicircle  in  a metal  frame,  fo 
that  their  diameters  llidmg  in  one  another,  by  means 
of  a Icrew',  may  have  their  centres  fo  brought  together 
as  to  appear  like  one  glafs,  and  fo  form  one  imag'e  ; or 
by  their  centres  receding',  may  form  two  images  of.the 
fame  objeft  : it  being  a property  of  fuch  glaffes,  for' 
any  fegment  to  exhibit  a perfea  image  of  an  object,  al- 
though not  fo  bright  as  the  whole  glafs  would  give  it. 
If  proper  fcales  are  fitted  to  this  infirument,  fhewing, 
how'  far  the  centres  recede,  relative  to  the  focal  length" 
of  the  glafs,  they  will  alfo  fhew  how  far  the  two  parts 
c>f  the  fame  objeefi  aie  afunder,  relative  to  rts  difiance- 
from  the  objeft-glafs  ; and  confequently  give  the  angle 
under  which  the  difiance  of  the  parts  of  that  objed  are 
feen.  fl  his  di\ided  otjed-glals  Rlicrometer,  which  was 
applied  by  the  late  Mi'.  Dollond  to  the  objeft  end  of  a 
rerleding  telefcope,  and  has  been  with  equal  advantage 
adapted  by  his  Ion  to  the  end  of  an  achromatic  tele- 
fcope,  is  of  fo  eafy  ufe,  and  affords  fo  large  a fcalc,  that 
It  is  generally  looked  upon  by  afironomers  as  the  mofi 
convenient  and  exad  infirument  for  meafuring  frnalL 
difiances  in  tlie  heavens.  Plowever,  the  common  Mi- 
crometer is  peculiarly  adapted  for  meafuring  difiereiicea- 
of  right  afeenfion,  and  declination,  of  ctlellial  objeds, 
but  Ids  convenient  and  exad  for  meafuring  their  abfo- 
lute  ilifiances  ; whereas  the  objed-glafs  Micrometer  is. 
peculiarly  fitted  for  meafuring  difiances,  though  gene- 
rally fuppofed  improper  for  the  former  purpofe.  But. 
Dr.  Malkelyne  has  found  that  this  may  be  apifiied  with 
very  little  trouble  to  that  purpofe  alfo  ; and  he  has  fur- 
nifhed  the  diredions.  nceefiary  to  be  fbllovved  w-hen  it  is 
ufed  in  this  manner.  The  addition  requifite  fon  this, 
purpofe,  is  a cell,  containing  two  wires,  interfeding 
each  other  at  right  angles,  placed  in  the  focus  of  the 
eye-glafs  efthe  teldcope,  and  moveable  round  about, . 
by  the  turning  of  a button.  For  the  defeription  of 
this  apparatus,,  with  the  method  of  applying  and  ufin*^- 
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it,  fee  Dr.  ]Man<eIyne’s  paper  on  the  fubje£l,  in  the 
Philof.  Tranf.  vol.  61,  pa.  536  &c. 

After  all,  the  ufe  of  the  objeff-glafs  Micrometer  is 
attended  vrith  difficulties,  arifing  from  the  alterations 
in  the  focus  of  the  eye,  which  are  apt  to  caufe  it  to 
give  different  rneafures  of  the  fame  angle  at  different 
times.  To  obviate  thefe  difficulties.  Dr.  Mafleelyne,  in 
3776,  contrived  a prifmatic  Micrometer,  or  a Micro- 
meter confiding  of  two  achromatic  prifms,  or  wedges, 
applied  between  the  cb}e6l-glafs  and  eye-glafs  of  an 
achromatic  telefcope,  by  moving  of  which  wedges 
nearer  to  or  farther  from  the  objecd-glafs,  the  two  images 
of  an  objecl;  produced  by  them  appeared  to  approach 
to,  or  recede  from,  each  other,  fo  that  the  focal  length 
of  the  objedt-glafs  becomes  a fcale  for  meafuring  the 
angular  didance  of  the  two  images.  The  rationale  and 
life  of  this  Micrometer  are  explained  in  the  Philof. 
Tranf.  vol.  67,  pa.  799,  &c.  And  a fimilar  invention  by 
the  abbe  Rochon,  and  improved  by  the  abbe  Bofeo- 
vich,  was  alio  communicated  to  the  Royal  Society,  and 
publifned  in  the  fame  volume  of  the  Tranfadions, 
pa.  789  6rc. 

Mr.  Ramfden  has  lately  deferibed  two  new  Micro- 
meters, which  he  has  contrived  for  remedying  the  de- 
feats of  the  obje6l-g!afs  Micrometer.  One  of  tliefe  is 
a catoptric  Micrometer,  which,  befides  the  advantage 
it  derives  from  the  principle  of  reflection,  of  not  being 
didurbed  by  the  heterogeneity  of  light,  avoids  every  dc- 
feCt  of  other  Micrometers,  and  can  have  no  aberration, 
nor  any  defeft  arifing  from  the  imperfedlion  of  m.ate- 
rials,  or  of  execution  ; as  the  great  firnplicity  of  its 
condruclion  requires  no  additional  mirrors  or  glades,  to 
thofe  required  for  the  telefcope  ; and  the  feparation  of 
the  image  being  edeCted  by  the  inclination  of  the  tv/o 
fpeciila,  and  not  depending  on  the  focus  of  lens  or  mir- 
ror, any  alteration  in  the  eye  of  an  obferver  cannot  af- 
fedl  the  angle  meafured.  It  has  peculiar  to  itfeif ’the 
advantages  of  an  adjudment,  to  make  the  images  co- 
incide in  a direction  perpendicular  to  that  of  their  mo- 
tion ; and  alfo  of  meafuring  the  diameter  of  a planet 
on  both  fides  of  the  zero  ; v.fliich  will  appear  no  in- 
confiderable  advantage  to  obfervers  who  know  how 
much  eafier  it  is-to  afeertaia  the  contaCt  of  the  external 
edges  of  two  images  than  their  perfedl  coincidence. 

The  other  Micrometer  invented  and  deferibed  by 
Mr.  Ramfden,  is  fuited  to  the  principle  of  refradion. 
This  Micrometer  is  applied  to  the  ered  eye-tube  of  a 
refrading  telefcope,  and  is  placed  in  the  conjugate  fo- 
cus of  the  fird  eye-glafs,  as  the  image  is  confiderably 
magnified  before  it  comes  to  the  Micrometer,  any  im- 
perfeclion  in  its  glafs  will  be  magnified  only  by  the  re- 
maininy  eye-glaffes,  which  in  any  telefcope  feldom 
exceeds*  5 or  6 times ; and  befides,  the  fize  of  the  Mi- 
crometer glafs  will  not  be  the  1 00th  part  of  the  area 
which  v/ould  be  required,  if  it  were  placed  at  the  objed- 
glafs  ; and  yet  the  fame  extent  of  fcale  is  preferved^,  and 
the  images  are  uniformly  bright  in  every  part  or  the 
held  of  the  telefcope.  See  the  defeription  and  con- 
ferudion  of  thefe  two  Micrometers  in  the  Philof. 
Tranf.  vol.  69,  part  2,  art.  27. 

In  vol.  72  of  the  Philof.  Tranf.  for  the  yeaiM782, 
Dr.  Herfchel,  after  explaining  the  defeds  and  imper- 
fedions  of  the  parallel-wire  Micrometer,  efpecially  for 
meafurinf>-  the  apparent  diameter  of  bars,  and  the  dif- 
tances  between  double  and  multiple  bars,  deferibes  one, 
8 


for  thefe  piu*pores,  wdikh  he  calls  a lamp  Micrometer} 
one  that  is  free  from  fuch  defeats,  and  has  the  advan- 
tage of  a very  enlarged  fcale.  In  fpeaking  of  the  ap- 
plication of  this  inftrument,  he  fays,  “ It  is  well  known 
to  opticians  and  others,  who  have  been  in  the  habit  of 
ufmg  optical  inftruments,  that  we  can  with  one  eye 
look  into  a rnicrofeope  or  telefcope,  and  fee  an  objed, 
mmch  magnified,  while  the  naked  eye  may  fee  a fcale 
upon  which  the  magnifled  pidure  is  thrown.  In  this 
manner  I have  generally  determined  the  power  of  my 
tclefcopes  ; and  any  one  who  has  acquired  a facility  of 
taking  fuch  obfervations,  will  very  feldom*  miflake  fo 
much  as  one  in  50  in  determining  the  power  of  an  in- 
ffrument,  and  that  degree  of  exadnefs  is  fully  fufficient 
for  the  purpofe. 

The  Newtoni'^n  form  is  admirably'  adapted  to  the 
ufe  of  this  Micrometer  ; for  the  obferver  Hands  always 
eredt,  and  looks  in  a horizontal  diredion,  notwith- 
Handing  the  telefcope  fliould  be  elevated  to  the  zenith, 
— The  fcale  of  the  Micrometer  at  the  convenient  dif- 
tance  of  10  feet  from  the  eye,  with  the  power  of  460, 
is  above  a quarter-  of  an  inch  to  a fecond;  and  by  put- 
ting on  my  power  of  93  2,  I obtain  a fcale  of  more 
than  half  an  inch  to  a fecond,  without  increafmg  the 
diHance  of  the  Micrometer  ; whereas  the  moH  perfed 
of  my  former  Micrometers,  with  the  fame  inHrument, 
had  a fcale  of  lefs  than  the  2cooth  part  of  an  inch  to  a 
fecond. 

“ The  rneafures  of  this  Micrometer  are  not  confined 
to  double  Hars  only,  but  may  be  applied  to  any  other 
objeds  that  require  the  utmoH  accuracy,  fuch  as  the 
diameters  of  the  planets  or  their  fatellites,  the  moun- 
tains of  the  moon,  the  diameters  of  the  fixed  Hars,  &c.’* 

The  Micrometer  has  not  only  been  applied  to  telef- 
copes,  and  employed  for  allronomical  purpofes  ; but 
there  have  been  various  contrivances  for  adapting  it  to 
microfcopisal obfervations.  Mr.  Leeuwenhoek’s  m.ethod 
of  eHimating  the  fize  of  fmall  objeds,  was  by  com- 
paring them  with  grains  of  fand,  of  which  100  in  a 
line  took  up  an  inch.  Thefe  grains  he  laid  upon  the 
fame  plate  with  his  objeds,  and  viewed  them  at  the 
fame  time.  Dr.  Jurin’s  method  was  fimilar  to  this  ; 
for  he  found  the  diameter  of  a piece  of  fine  filver  wire, 
bv  wrapping  ii;  very  clofe  upon  a pin,  and  obferving 
how  many  rings  made  an  inch;  and  he  ufed  this  wire  in 
the  fame  manner  as  Leeuvv^enhoek  ufed  his  fand.  Dr. 
Hook  ufed  to  look  upon  the  magnified  objed  with  one 
eye,  while  at  the  fame  time  he  viewed  other  objeds, 
placed  at  the  fame  diHance,  with  the  other  eye.  In 
this  manner  he  was  able,  by  the  help  of  a ruler,  di- 
vided into  inches  and  fmall  parts,  and  faid  on  the  pe- 
deHal  of  the  rnicrofeope,  as  it  were  to  call  the  mag- 
nified appearance  of  the  objed  upon  the  ruler,  and  thus 
exadly  to  meafure  the  diameter  which  it  appeared  to 
have  through  the  glafs;  which  being  compared  with  the 
diameter  as  it  appeared  to  the  naked  eye,  eafily  Hiev/ed 
the  degree  in  wliich  it  was  magnified.  A little  prac- 
tice, fays  Mr.  Baker,  will  render  this  method  exceed- 
ingly eafy  and  pleafant. 

Mr.  Martin,  in  his  Optics,  recommends  fuch  a Mi- 
crometer for  a rnicrofeope  as  had  been  applied  to  tele- 
fcopes  ; for  he  advifes  to  draw  a number  of  parallel 
lines  on  a piece  of  glafs,  with  the  fine  point  of  a dia- 
mond, at  the  diHance  of  one  qoth  of  an  inch  fr6m  one 
another,  and  to  place  it  in  the  focus  of  the  eye-glafs. 

By 
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By  this  method,  Dr.  Smith  contrived  to  take  the 
exaft  draught  of  ohjcdts  viewed  by  a double  micro- 
fcope  ; for  he  advifcs  to  get  a lattice,  made  with  fmall 
fdver  wires  or  fqiiares,  drawn  upon  a plain  glafs  by  the 
llrokes  of  a diamond,  and  to  put  it  into  the  place  of 
the  image  formed  by  the  objedt-glafs.  Then,  by  tranf- 
ferring  the  parts  of  the  objedt,  fecn  in  the  fquares  of 
the  glafs  or  lattice,  upon  fimilar  correfponding  fquares 
drawn  on  paper,  the  pidlure  may  be  exadlly  taken. 
Mr.  Martin  alfo  introduced  into  compound  microfcopcs 
another  Micrometer,  confilling  of  a fcrew.  See  both 
thefe  methods  defcribed  in  his  Optics,  pa.  277. 

A very  accurate  divifion  of  a fcale  is  performed  by 
Mr.  Coventry,  of  Southwark.  The  Micrometers  of 
his  conftrudlion  are  parallel  lines  drawn  on  glafs,  ivory, 
or  metal,  from  the  JOth  to  the  1 0,000th  part  of  an 
inch.  Thefe  may  be  applied  to  microfeopes,  for  mea- 
furing  the  lize  of  minute  obje(S;s,  and  the  magnifying 
power  of  the  glafTes  ; and  to  tclefcopes,  for  meafuring 
the  fize  and  diftance  of  objedts,  and  the  magnifying 
power  of  the  inftrument.  To  meafure  the  fize  of  an 
objeA  in  a Tingle  microfeope  ; lay  it  on  a Micrometer, 
whofe  lines  are  feen  magnified  in  the  fame  proportion 
with  it,  and  they  give  at  one  view  the  real  fize  of  the 
objedl.  For  meafuring  the  magnifying  power  of  the 
compound  microfeope,  the  belt  and  readied  method  is 
the  following  On  the  ftage  in  the  focus  of  the  objedl- 
glafs,  lay  a Micrometer,  confilling  of  an  inch  divided 
into  100  equal  parts;  count  how  many  divifions  of 
the  Micrometer  are  taken  into  the  field  of  view  ; then 
lay  a two-foot  rule  parallel  to  the  Micrometer  : fix  one 
eye  on  the  edge  of  the  field  of  light,  and  the  other 
eye  on  the  end  of  the  rule,  which  move,  till  the  edge 
of  the  field  of  light  and  the  end  of  the  rule  correfpond  ; 
then  the  diftance  from  the  end  of  the  rule  to  the  mid- 
dle of  the  ftage,^  will  be  half  the  diameter  of  the  field  : 

gr.  If  the  diftance  be  10  inches,  the  whole  diameter 
will  be  20,  and  the  number  of  the  divifions  of  the  Mi- 
crometer contained  in  the  diameter  of  the  field,  is  the 
magnifying  power  of  the  microfeope.  For  meafuring 
the  height  and  diftance  of  obje(5ls  by  a Micrometer  in 
the  telefcope,  fee  Telescope. 

Mr.  Adams  has  applied  a Micrometer,  that  inftantly 
ftiews  the  magnifying  power  of  any  telefcope. 

In  the  Philof,  Tranf.  for  I79i>  u very  fimple  fcale 
Micrometer  far  meafuring  fmall  angles  wdth  the  telc- 
fcope  is  defcribed  by  Mr.  Cavallo.  This  Micrometer 
confifts  of  a thin  and  narrow  flip  of  mother-of-pearl 
finehy  divided,  and  placed  in  the  focus  of  the  eye-glafs 
of  a telefcope,  juft  where  the  image  of  the  objea  is 
formed  ; whether  the  telefcope  is  a reficaor  or  a refrac- 
tor, provided  the  eye-glafs  be  a convex  lens.  This 
fubftance  Mr.  Cavallo,  after  many  trials,  found  much 
more  convenient  than  cither  glafs,  ivory,  horn,  or 
wood,  as  it  13  a very  fteady  fubftance,  the  divifions  very 
eafy  marked  upon  it,  and  when  made  as  thin  as  com- 
mon writing  paper  it  has  a very  ufeful  degree  of  tranf- 
parency. 

Upon  this  fubjeift,  fee  M.  Azout’s  Trad  on  it, 
contained  in  Divers  Ouvrages  de  Mathematique  ^ de 
Phiftqut ; par  Mejfteurs  de  Academie  Royal  des  Sci~ 
encesp  M,de  la  Hirers  AJlronomica  Tabula ; Mr.  Tevan- 
ley,  in  the  Philof,  Tranf  21  ; Wolfius^  in  his  Elem, 
VOL.  II. 
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Aflroit,  (J  508  ; Dr.  Hool,  and  many  others,  in  the 
1 hilof  Tranf,  n*.  29  See  ; Hevelius,  in  the  A^a  Eru- 
dttorum,  antu  1708;  Mr.  Baljhafer,  in  his  Mlcrome^ 
trta  ; alfo  fevCral  volumes  of  the  Paris  Memoirs,  &c. 

MICROPHONES,  inftruments  contrived  to  mag- 
nify fmall  founds,  as  microfeopes  do  fmall  obj efts. 

MICROSCOPE,  an  optical  inftrument,  compofrd 
of  lenfes  or  mirrors,  by  means  of  which  fmall  objefts 

are  made  to  appear  larger  than  they  do  to  the  naked 
eye. 

Microscopes  are diftinguiftied  intofimple  and  couit 
pound,  or  fingle  and  double. 

Simple,  or  Single  Microscopes,  are  fuch  as  confift  of 
a fingle  lens,  or  a fingle  fpherule.  And  a 

Ciompound  Microscope  confifts  of  feveral  lenfes  duly 
combined,' — As  optics  have  been  improved,  other  va- 
rieties have  been  contrived  in  this  inftrument  : Hence 
reflefting  Microfeopes,  water  Microfeopes,  &c. 

It  is  not  certainly  known  when,  or  by  whom,  Mi- 
crofeopes were  firft  invented ; although  it  is  probable 
they  would  foon  follow  upon  the  life  of  telefcopes,  fince 
a Microfeope  is  like  a telefcope  inverted.  We  arc  in- 
formed by  Huygens,  that  8ne  Drcbell,  a Dutchman, 
had  the  firft  Microfeope,  in  the  year  1621,  and  that  he 
vvas  reputed  the  inventor  of  it  : though  F.  Fontana,  a 
Neapolitan,  in  1646,  claims  the  inrention  to  himfelf, 
and  dates  it  from  the  year  1618.  Be  this  as  it  may, 
it  feems  they  were  firft  ufed  in  Germany  about  1621. 
According  to  Borelli,  they  were  invented  by  Zacharias 
Janfen  and  his  fon,  who  prefented  the  firft  Microfeopes 
they  had  conftrufted  to  prince  Maurice,  and  Albert 
arch-duke  of  Auftria.  William  Borelli,  who  gives  this* 
account  in  a letter  to  his  brother  Peter,  fays,  that  when 
he  was  ambaffador  in  England,  in  1619,  Cornelius 
DrebcII  (hewed  him  a Microfeope,  which  he  faid  was 
the  fame  that  the  arch-duke  had  given  him,  and  had 
been  made  by  Janfen  himfclf.  Borelli  De  vero  Tele- 
fcopii  inventorc,  pa.  35.  See  Lens. 

Theory  and  Foundation  of  Microscopes. 

If  an  objeft  be  placed  in  the  focus  of  the  convex  lens 
of  a fingle  Microfeope,  and  the  eye  be  very  near  on  the 
other^  fide,  the  objeft  will  appear  diftinft  in  an  ereft 
fituation,  and  magnified  in  the  ratio  of  the  focal  dif- 
tance of  the  lens,  to  the  ordinary  diftance  of  diftinft  vi- 
fion,  viz,  about  8 inches. 

So,  if  the  objeft  AB  be  placed 
in  the  focus  F,  of  a fmall  glafs 
fphere,  and  the  eye  behind  it,  a* 
in  the  focus  G,  the  objeft  will 
appear  diftinft,  and  in  an  ereft 
pofture,  increafed  as  to  diameter 
in  the  ratio  of  | of  the  diameter 
El  to  8 inches.  If,  ex.  gr.  the 
diameter  El  of  the  fmall  fphere  be 
tV  inch  ; then  CE  = 

and  FE  = ^CE  = fo  that 
; then  as  : 8,  or  as 

3 : 320,  or  as  i : io6y  : : the  natural  fize  to  the  mag- 
nified appearance  ; that  is,  the  objeft  is  magnified  about 
IQ7  times. 

Hence  the  fmaller  the  fpherule  or  the  lens  is,  fo 
much  the  more  is  the  objeft  magnified.  But  then,  fo 

much 
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much  the  kfs  part  Is  cotnprehpukd  at  oue  view, 
and  fo  much  the  lefs  dUlina  is  the  appearance  ot  the 

‘^Equal  appearances  of  the  fame  ohjea,  formed  by 
. different  combinations,  become  obfeure  in  proportion 
as  the  number  of  rays  conilitutmg  pencil  de- 

creafes,  tliat  is,  in  proportion  to  the  fmailnefs  of  the 

obiea-elafs.  t • n i r 

Wherefore,  if  the  diameter  of  the  obica-glafs  ex- 

ceeds  the  diameter  of  the  pupil,  as  many  times  as  the 
diameter  of  the  appearance  exceeds  the  diameter  of  the 
ohjea  ; the  appearance  fhall  be  as  ciear  and  bright  at, 

the  objea  itfelf. 

The  diameter  of  the  objea-glafs  cannot  be  fo  much 
increafed,  without  increafing  at  the  fame  time  the  fo- 
cal diffances  of  all  the  glaffes,  and  coniequently  the 
leno'th  of  the  inftrument  : Otherwife  the  rays  would  fail 
too  obliquely  upon  the  eye-glais,  and  the  appeal  ance 

become  confufed  and  irregular.  r r 

There  are  feveial  kinds  of  Tingle  Microlcopes  ; ot 
. vvliichthe  following  is  the  moll  fimple. 

AB  (Plate  xviii,  fig.  i ) is  a little  tube,  to  one 
end  of  which  BC,  is  fitted  a plain  giafs  ; to  which  any 
objedl,  as  a gnat,  the  wing  of  an  infedt,  or  the  li  tce,  is 
applied  ; to  the  other  end  AD,  at  a proper  diftance 
horn  the  object,  is  applied  a lens,  convex  oii  both 
fides,  of  about  an  inch  in  diameter : the  plane  gkfs  is 
turned  to  the  fun,  or  the  light  of  a candle,  and  the  ob- 
iedl  is  feen  magnified.  And- if  the  tube  be  maae  to 
draw  out,  Icnfes  or  iegmeuts  of  different  fpheres  may 

be  ufed.  ^ i r , • 

Again,  a lens,  convex  on  both  hdes,  is  incloied  m a 

cell  AC  (fig*  2)5  and  held  there  by  the  ferew  H. 

Through  the  ftem  or'pedeilal  CD  paffes  a long  ferew 

EF,  carrving  a flile  or  needle  EG.  In  E is  a fmall 

tube  ; on  which,  and  on  the  point  G,  the  various  ob- 

jeas  are  to  be  difpofed.  Tims,  lenfes  of  various  rpheres 

may  be  applied. _ ,■  -■oct-i 

A good  fimple  infirument  of  this  kmd  is  Mr.  Wil- 

fon’smocket  Microfeope,  which  has  9 different  magni- 
fying glaffes,  8 of  whicli  may  be  ufed  with  two  diflerent 
infiruments,  for  the  better -applying  the  m to  various  ob- 
ieas.  One  of  thefe  infiruments  ms  reprefented  at 
A ABB  (fig.  s)’  which  Is  made  either  of  biafs  or 
ivory.  There  are  three  thin  brafs  plates  at  E,  and  a 
fpiral  fprino- H of  fteel  wire  within  it  : to  one  of  the 
thin  plates  of  brafs  is  fixed  a piece  of  leathei  F,  witu 
a fmall  furrow  G,  both  in  the  leather,  and  brafs  to  winch 
it  is  fixed  : in  one  end  of  this  inlbument  there  is  a long 
ferew  D,  with  a convex  giafs  C,  placed  in  tlie  end  of  it : 
in  the  other  end  of  the  infirument  tlierc  is  a hollow 
ferew  00,  In  which  any  of  the  magnifying- gIafIes,  M, 
are  ferewed,  when  they  are  to  be  made  ufe  of.  i he 
0 different  magnifying  glaffes  arc  all  let  in  ivory,  8 of 
which  are  fet  in  the  manner  ex  prefled  at  M.  1 hep-eat- 
cfl  macmifier  is  marked  upon  the  ivory,  m winch  it  is 
fet,  number  i,  the  next  number  2,  and  fo  on  to  number 
8 * the  Qth  giafs  is  not  marked,  but  is  fet  in  the  mamiei 
of  a little  barrel  box  of  ivory,  as  at  L At  ee  is  a ifot 
piece  of  ivory,  of  which  there  are  8 belonging  to  this 
fort  of  Microfeopes  (though  any  one  who  has  a rnind 
to  keep  a regifier  of  objeas  may  have  as  many  of  them 
as  he  -pkafes)  5 in  each  of  them  there  are  3 holes^,  in 


which  3 or  more  objeAs  are  placed  between  two  thm 
glaffes,'  or  talcs,  when  they  are  to  be  ufed  with  the 
greater  magnifiers. 

The  ufe  of  this  infirument  AABB  is  this.  A han- 
dle W,  from  fig.  4,  being  ferewed  upon  the  button  8, 
take  one  of  the  fiat  pieces  of  ivory  or  flidcrs  cr,  and  Aide 
it  between  the  two  thin  plates  of  brafs  at  E,  through 
the  body  of  the  Microfeope,  fo  that  die  objea  to  be 
viewed  be  jufi  in  the  middle  ; remarking  to  put  that 
fide  of  the  plate  ee,  where  the  brafs  rings  are,  farthefl 
from  the  end  A A ; then  ferew  into  the  hollow  ferew,  oe, 
the  3d,  4th,  5th,  6tb,  or  ytb  magnifying  giafs  M; 
which  being  done,  put  the  end  AA  cloie  to  your  eye, 
and  while  looking  at  the  objea  through  the  magnifying 
giafs,  ferew  in  or  out  the  long  ferew  D,  which  moving 
round  upon  the  leather,  F,  held  tight  to  it  by  the 
fpiral  wire  FI,  will  bring  your  ohjea  to  tlie  true  dif- 
tance ; which  may  be  known  by  feeing  it  clearly  and 

diftinddly.  j ^ t 

Thus  maybe  viewed  all  tranfparent  objeas,  dufis,  li- 
quids, cryftals  of  falts,  fmall  infeas,  fuch  as  fleas,  mites, 
&c.  If  they  be  infeas  that  will  creep  away,  or  fuch 
objeas  as  are  to  be  kept,  they  m.ay  be  placed  between 
the  two  regifier  glaffes  ff.  For,  by  taking  out  the  ring 
that  keeps  in  the  glaffes  f f,  where  the  objea  lies,  they 
will  fall  out  of  themfelves  ; fo  the  objea:  may  be  laid 
between  the  two  hollow  fides  of  them,  and  the  ring  put 
in  again  as  before  ; but  if  the  objeas  be  dufts  or  liquids, 
a frnali  drop  of  the  liquid,  or  a little  of  the  dull  laid  on 
the  outfide  of  the  giafs  ff,  and  applied  as  before,  will 

be  feen  very  eafily.  . . . , 

As  to  the  ift,  2d,  and  3d  magnifying  glaffes,  being 
marked  with  a +.  upon  the,,  ivory  in  which  they  are  fer, 
they  are  only  to  be  ufed  with  thoie  plates  or  Aiders  that 
are  alfo  marked  with  a T,  in  which  the  oojeas  are 
placed  between  two  thin  talcs  ; becaufe.  the  thicknefs 
' of  the  glafles  in  the  other  plates  or  Aiders,  hinders  the 
objea  from  approaching  to  the  true  diftance  from  thefe- 
' greater  magnifiers.  But  , the  manner  of  ufing  them  is- 
the  fame  with  the  former. 

For  viewing  the  circulation  of  the  blood  at  the  ex- 
tremities of  the  arteries  and  veins,  in  tne  tianfpaienu 
, part-s  of  fiilies  tails,  &c,  there  are  two  giafs  tubes,  a 

■ larger  and  a fmaller,  as  expreffed  at  gg,  into  whicli  the 
-animal  is  put.  W'^hen  thefe  tubes  are  to  be  ufed,  un- 
ferew  the  end  ferew  D in  the  body  of  tlie  Microfeope, 
until  the  tube  gg  can  be  eafiiy  received  into  that  little 

. cavity  G of  the  brafs  plate  Fafiened  to  the  leather  F un- 
der the  other  two  thin  plates  of  brafs  at  E.  When  the 
tail  of  the  fifii  lies  flat  on  the  giafs  tube,  fet  it  oppofite 
to  the  magnifying  giafs,  and  bringing  it  to  the  proper 
diftance  by  ferewing  in  or  out  the  end  Icrew  D,  wdieii 
the  blood  wdilbe  feen  clearly  circulating. 

To  view  the  blood  circulating  in  the  foot  of  a frog ; 
choofe  fuch  a frog  as  w-ill  jufi  go  into  the  tube  ; then, 
with  a little  ftick  expand  its  hinder  foot,  which  apply 

■ clofe  to  the  fide  of  the  tube, . obferving  that  no  part  of 
the  frog  hinders  the  light  from  coming  on  its  foot; 
and  when  it  is  brought  to  the  proper  difiance,  by  means 
of  the  ferew  D,  the  rapid  motion  of  the  blood  will  be 
feen  in  its  veflels,  which  are  very  numerous,  in  the  tranf- 
parent thin  membrane  or  web  between  the  toes.  For 
this  objetl,  the  4tk  and  5th  magnifiers  will  do  very 

^'rr£>  I 1 « 
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well ; but  tlie  circulation  may  be  Teen  in  the  tails  of 
water-newts  in  the  6th  and  "th  glalTes,  bccaufe  ilie 
globules  of  the  blood  of  lliofe  newts^are  as  large  again  as 
the  globules  of  the  blood  of  frogs  or  fmall  fifiij  as  has 
been  remarked  in  number  280  of  the  Philof.  Tranf. 
pa.  1184. 

The  circulation  cannot  fo  well  be  fecii  by  the  ill,  ad, 
and  3d  magnifiers,  becaufe  the  thicknefs  of  the  glafs 
tube,  containing  the  fifli,  hinders  the  approach  of  the 
■object  to  the  focus  of  the  magnifying  glafs.  Fig.  4 is 
another  inflrnment  for  this  pur})ofe. 

In  viewing  ohjefts,  one  ought  to  he  careful  not  to 
hinder  the  light  from  falling  upon  them  by  the  hat,  hair, 
oi'  any  other  thing,  efpecially  in  looking  at  opaque  ob- 
jedts  ; for  nothing  can  be  feen  with  the  bell  of  glalTes, 
iinlels  the  objedl  be  at  a due  diftance,  with  a fufTicient 
light.  The  bed  lights  for  the  plates  or  Hiders,  when 
the  objedl  lies  between  the  two  glaffes,  is  a clear  fley- 
light,  or  wdiere  the  fun  fliines  on  fomething  white,  or 
the  refledlion  of  the  light  from  a looking-glafs.  The 
light  of  a candle  is  alfo  good  for  viewing  very  fmall  ob- 
jefts,  though  it  be  a little  uneafy  to  thofe  who  are  not 
pradlifed  in  the  ufe  of  Microfeopes. 

'To  caji  fmuJl  Glafs  Spherules  for  Microscopes. — 
There  are  feveral  methods  for  thispurpofe.  Hartfoeker 
iirft  improved  fingle  Microfeopes  by  uOng  fmall  glo- 
bules of  glafs,  melted  in  the  flame  of  a candle  ; by  which 
lie  difeovered  the  animalcule  in  femine  mafciilino,  and 
thereby  laid  the  foundation  of  a new  fyflem  of  genera- 
tion. Woliius  deferibes  the  following  method  of  mak- 
ing fuch  globules  : A fmall  piece  of  very  fine  glafs, 
flicking  to  the  wet  point  of  a fleci  needle,  is  to  be  ap- 
plied to  the  extreme  bluifli  part  of  the  flame  of  a lamp, 
or  rather  of  fpirits  of  wine,  which  will  not  black  it  ; 
being  there  melted,  and  rim  into  a fmall  round  drop,  it 
is  to  be  removed  from  the  flame,  bn  which  it  inflantly 
ceafes  to  be  fluid.  Then  folding  a thin  plate  of  brafs, 
■and  making  very  fmall  fmooth  perforations,  fo  as  not  to 
leave  any  roughnefs  on  the  fiirfaces,  and  alfo  fmoothing 
them  over  to  prevent  any  glaring,  fit  the  fphenile  be- 
tween the  plates  againft  the  apertures,  and  put  the 
whole  in  a frame,  With  objefts  convenient  for  obferva- 
tlon. 

Mr.  Adams  gives  another  method,  thus  : Take  a 
piece  of  fine  window-glafs,  and  rafe  it,  wdth  a diamond, 
into  as  many  lengths  as  you  think  needful,  not  more 
than  i-8th  of  an  inch  in  breadth  ; then  holding  one  of 
thofe  lengths  between  the  fore  finger  and  thumb  of 
each  hand,  over  a very  fine  flarac,  till  the  glafs  begins 
to  {often,  draw  it  out  till  it  be  as  fine  as  a hair,  and 
break;  then  applying  each  of  tlie  ends  into  the  pureft 
part  of  the  flame,  you  prefently  have  two  fpheres,  which 
may  be  made  greater  or  Icfs  at  plcafiire  : if  they  re- 
main long  in  the  flame,  they  will  have  fpots  ; fo  they 
mull  be  drawn  out  immediately  after  they  are  turned 
round.  Break  the  flem  off  as  near  the  globule  as  pof- 
lible  ; and,  lodging  the  remainder  of  the  flem  between 
the  plates,  by  drilling  the  hole  cxadlly  round,  all  the 
protuberances  are  buried  between  the  plates  ; and  the 
Microfeope  performs  to  admiration. 

Mr.  Butterfield  gave  another  manner  of  making  thefe 
globules,  in  number  14 1 Philof.  Tranf; 

In  any  of  thefe  ways  may  the  fpherules  be  made 
much  fmaller  thsm  any  lens;  fo  that  the  left  fingle  Mi- 


crofeope?, or  fuch  as  magnify  the  mofi,  arc  made  of 
them,  l.ceiiwenhoeck  and  ’MiifTclienbroek  have  fuc  - 
cceded  very  well  in  fpherical  Microfeopes,  and  theif 
greateil  magnifiers  enlarged  the  diameter  of  an  objed 
about  ]6o  times  ; Philof,  Trariifi  vtfi,  7,  pa.  129,  and 
vol.  8,  pa,  12 1,  But  the  fmallell  globules,  and  confe> 
quently  the  highell  magnifiers  for  Microfeopes,  were 
made  by  F.  dc  Torre  of  Naples,  who,  in  I765,rent  four 
of  them  to  the  Royal  Society.  The  largefl  of  them 
was  only  two  Paris  points  in  diameter,  and  magnified  a 
line  640  times  ; the  fecond  was  the  fize  of  one  Paris 
point,  and  magnified  1280  times  ; and  the  3d  no  more 
than  half  a Paris  point,  or  the  J44th  part  of  an  inch  in 
diameter,  and  magnified  2 ^'60  times.  But  lince  the  fo- 
cus of  a glafs  globillc  is  at  the  difiance  of  one-.ph  of  its 
diameter,  and  therefore  that  of  the  3d  globule  of  cle 
Torre,  above  mentioned,  only  the  576th  part  of  an  inch 
diftant  from  the  objeCl,  it  mull  be  with  the  utmofi  diffi- 
culty that  globules  lb  minute  as  thofe  can  be  employed 
to  any  purpole  ; and  Mr.  Baker,  to  whofe  examination 
they  were  referred,  confiders  them  as  matters  of  ciirio- 
fity  rather  than  of  real  ufe.  Philof,  Tranf,  vol.  55, 
pn.  246,  vol.  56,  pa.  67. 

/Fu/t’r  Microscope.  Mr.  S.  Gray,  and,  after  him, 
Wolfuis  and  others,  have  contrived  water  Microfeopes, 
confining  of  fpherules  or  lenfes  of  water,  inftead  ofglafs. 
But  fince  the  difiance  of  the  focus  of  a lens  or  fphere  of 
water  is  greater  than  that  in  one  of  glafs,  the  fpheres  of 
which  they  arc  fegments  being  the  fame,  confequently 
water  Microfeopes  magnify  lets  than  thofe  of  glafs,  and 
therefore  are  lefs  efieemed.  Mr.  Gray  firll  obferved, 
that  a fmall  drop  or  fpherulc  of  water,  held  to  the  eye 
by  candle  light  or  moon  light,  without  any  other  appa- 
ratus, magnified  the  animalcules  contained  in  it, 
vafily  more  than  any  other  Microfcopc.  The  reafon 
is,  that  the  rays  coming  from  the  interior  furface  of 
the  firfi  hemifphcre,  are  refl^cled  fo  as  to  fall  under 
the  fame  angle  on  the  furface  of  the  hinder  hemi- 
fphere,  to  wliich  the  eye  is  applied,  as  if  they  came 
from  the  focus  of  the  fplierule  ; whence  they  are  propa- 
gated to  the  eye  in  the  fame  manner  as  if  the  objects 
were  placed  without  the  fpherule  in  its  focus. 

Hollow  glafs  fpheres  of  about  half  an  inch  diameter, 
filled  with  fpirit  of  wine,  arc  often  iifed  for  Mi- 
crofeopes; but  they  do  not  magnify  near  fo  much. 

Theory  op  Compound  or  Double  Microscopes.—  Sup- 
pofe  an  objebt-glafs  ED,  the  fegment  of  a very  fmall 


T1 
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fphere,  and  the  ohjedt  AB  placed  without  the  focus  F* 
Suppofean  eye-glafs  GH,  convex  on  both  fidesi  and  the 
fegment  of  a f})lierc  greater  than  that  of  DE,  though 
not  too  great ; and,  the  focus  bcingat  K,let  it  be  fo  dif- 
pofed  behind  the  objeft, 

thatCF;  CL  CL  : CK. 

Lafily.fuppofe  LK. ; LM : ; LM  ; LL 
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If  then  O be  the  place  where  an  objec^  is  feen  dif- 
tin<!?twith  the  naked  eye ; the  eye  in  this  cafe,  being 
placed  in  I,  will  fee  the  objea  A B diftindly,  in  an  in- 
verted pofition,  and  magnified  in  the  compound  ratio 
of  MK  X LC  to  LK  X CO  ; as  is  proved  by  the 
laws  of  dioptrics;  that  is,  the  image  is  larger  than  the 
objea,  and  we  are  able  to  view  it  diftindfly  at  a Ids 
diilance.  Tor  Examp. — If  the  image  be  20  times 
larger  than  the  objed,  and  by  the  help  of  the  eye-glafs 
Wv  are  able  to  view  it  ^ times  neaicr  than,  we  could 
have  done  with  the  naked  eye,  it  will,  on  both  thefe 
accounts,  be  magnified  ^ times  30,  or  100  times. 

La'ii^s  of  Double  Microscopes. 

1.  The  more  an  objea  is  magnified  by  the  Micro" 
fcope,  the  lefs  is  its  field,  i.  e.  the  lefs  of  it  is  taken  in 
at  one  view. 

2,  To  the  fame  eye-glafs  may  be  fuccefiively  applied 
objea-glafles  of  various  fpheres,  fo  as  that  both  the 
entire  ^bjeas,  but  lefs  magnified,  and  their  feveral 
parts,  muck  more  magnified,  may  be  viewed  through 
the  fame  Microfeope.  In  which  cafe,  on  account  of 
the  different  difiance  of  the  image,  the  tube  in  which 
the  lenfes  are  fitted,  fhould  be  made  to  draw  out.  ^ 

2,  Since  it  is  proved,  that  the  diftance  of  the  image 
LK,  from  the  objea-glafs  DE,  will  be  greater.  If  ano- 
ther lens,  concave  on  both  fides,  be  placed  before  its 
focus  ; it  follows,  that  the  objea  will  be  magnified  the 
more,  if  fuch  a lens  be  here  placed  between  the  objea- 
glafs  DE,  and  the  eye-glafs  GH.  Such  a Microfeope 
is  much  commended  by  Conradi,  \vho  ufed  an  objea- 
ienfi,  convex  on  both  fides,  whofe  radius  was  2 digits,  it# 
aperture  equal  to  a muftard  feed  ; a lens,  concave  on 
both  fides,  from  12  to  16  digits  ; and  an  eye-glafs,  con- 
vex on  both  fides,  of  6 digits. 

4.  Since  the  image  is  projeaed  to  the  greater  dif- 
tance, the  nearer  another  lens,  of  a fegment  of  a larger 
fphere,  is  brought  to  the  objea-glafs ; a Microfeope 
may  be  compofed  of  three  lenfes,  which  will  magnify 
prodigiouflj. 

5.  From  thefe  confiderations  it  follows,  that  the  ob- 
jea will  be  magnified  the  more,  as  the  cye-glafs  is  the 
fegment  of  a fmaller  fphere;  but  the  field  of  vifion 
will  be  the  greater,  as  the  fame  is  a fegment  of  a larger 
fphere.  Therefore  if  two  eye-glaffcs,  the  one  a feg- 
ment of  a larger  fphere,  the  other  of  a fmaller  one,  be 
fo  combined,  as  that  the  objea  appearing  very  near 
through  them,  i.  e.  not  farther  difiant  than  the  focus 
of  the  firft,  be  yet  diftina ; the  objea,  at  the  fame 
time,  will  be  vaftly  magnified,  and  the  field  of  vifion 
much  greater  than  if  only  one  lens  was  ufed  ; and  the 
objea  will  be  ftill  more  magnified,  and  the  field  en- 
larged, if  both  the  objca-glals  and  cye-glafs  be  double. 
But  becaufc  an  objea  appears  dim  when  viewed  through 
fo  many  glaffes,  part  of  the  rays  being  refleaed  in 
paffing  through  each,  it  is  not  advileablc  greatly  to 
multiply  glaffes;  fo  that,  among  compound  Micro- 
fcopes,  the  heft  are  thofc  which  confiff  of  one  objea- 
rlafs,  and  two  eye  glaffes. 

Dr.  Hook,  in  the  preface  to  his  Micrography,  tells 
us,  that  in  moft  of  his  obfervations  he  ufed  a Micro- 
feope of  this  kind,  with  a middle  cye-glafs  of  a confi- 
derablc  diameter,  when  he  wanted  to  fee  much  of  the 
objea  at  one  yiewi  and  took  it  out  when  he  would  ex- 


amine the  fmall  parts  of  an  objea  more  accurately  : 
for  the  fewer  refraaions  there  are,  the  more  light  and 
clear  the  objea  appears. 

For  a Microfeope  of  three  lenfes  Dc  Chales  reconc- 
mends  an  objea  glafs  of  f or  d of  a digit  ; and  the 
firft  eye-glafs  he  makes  2 or  2|;  digits;  and ^the  dif- 
tance between  the  objea-glafs  and  eye-glafs  about  20 
lines.  Conradi  had  an  excellent  Microfeope,  whofe 
objea-glafs  was  half  a digit,  and  the  two  eye-glaffes 
(which  were  placed  very  near)  4 digits  ; but  it  an- 
fwered  beft  when,  inftead  of  the  objea-glafs,  lie  ufed 
two  glaffes,  convex  on  both  fides,  their  fphere  about  a 
digit  and  a half,  and  at  rnoft  2,  and  their  convexities 
touching  each  other  within  the  fpace  of  half  a line. 
Eiiftaclnus  deDivinIs,  inftead  of  an  objea-glafs  convex 
on  both  fides,  ufed  two  plano-convex  lenfes,  whofe  con- 
vexities touched.  Grindelius  did  the  fame  ; oniy  that 
the  convexities  did  not  quite  touch.  Eahinus  made  a 
binocular  Microfeope,  with  which  both  eyes  were  ufed. 
But  the  moft  commodious  double  Microfeope,  it  is. 
faid,  is  that  of  our  countryman  Mr.  Marfiial  ; though 
fome  improvement  was  made  in  it  by  Mr.  Culpepper  and 
Mr.  Scarlet.  Thefe  are  exhibited  in  figures  5 and  6. 

It  is  obferved,  that  compound  MIcrofeopes  fome- 
times  exhibit  a fallacious  appearance,  by  reprefenting 
convex  objeas  concave,  and  vice  verfa.  Philof.  Tranf. 
numb.  476,  pa.  387. 

To  fit  Microfeopes,  as  well  as  Telefcopes,  to  fhort- 
fighted  eyes,  the  objea-glafs  and  the  eye-glafs  muft  be 
placed  a little  nearer  together,  fo  that  the  rays  of  each 
pencil  may  not  emerge  parallel,  but  may  fall  diverging 
upon  the  eye. 

RefetVmg  Microscope,  is  that  which  magnifies  by 
refleaion,  as  the  foregoing  ones  do  by  refraaion.  The 
inventor  of  this  Microfeope  was  Sir  Ifaac  Newton, 

The  ftruaure  of  fuch  a Microfeope  may  be  con 
ceived  thus ; near  the  focus  of  a con- 
cave fpeciilum  AB,  place  a minute 
objea  C,  that  its  image  may  be 
formed  larger  than  itfelf  in  D ; to 
the  fpeculuin  join  a lens,  convex  on 
both  fides,  EF,  fo  as  the  Image  D 
may  be  in  its  focus. 

The  eye  will  here  fee  the  image 
inverted,  but  diftina,  and  enlarged ; 
confequently  the  objea  will  be  larger 
than  if  viewed  through  the  lens  alone. 

Any  telefcope  is  changed  into  a 
Microfeope,  by  removing  the  objea- 
glafs  to  a greater  diftance  from  the 
cye-glafs.  And  fince  the  diftance  of  the  image  is  vx-' 
rious,  according  to  the  diftance  of  the  objea  from  the 
focus ; and  It  is  magnified  the  more,  as  its  diftance 
from  the  objea-glafs  is  greater;  the  fame  telefcope 
may  be  fuccefiively  changed  into  Microfeopes  which 
magnify  the  objea  in  different  degrees.  See  fome  in- 
ftriiments  of  this  fort  deferibed  in  Smith's  Optics, 
Remarks,  pa.  94. 

Sol^r  Microscope,  called  alfo  the  Camera-Obfeura 
Microfeope,  was  invented  by  Mr.  Lieherkuhn  in  173S 
or  I 739,  and  confifts  of  a tube,  a looking-glafs,  a con- 
vex lens,  and  a Wllfon's  Microfeope.  The  tube 
(fig’  7)  is  brafs,  near  2 inches  in  diameter,  fixed  in  a 
circular  collar  of  mahogany,  with  a groove  on  the  out- 
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fide  of  its  peripher}',  denoted  by  2,  3,  and  conneaed 
by  a cat-gut  to  the  pulley  4 on  the  upper  part  ; which 
turning  round  aupleafure,  by  the  pin  5 within,  in  a 
fqiiare  frame,  may  be  eaiily  adjuftea  to  a hole  in  the 
fliLitter  of  a window,  by  the  ferews  i,  i,  fo  clofely  that 
no  light  can  enter  the  room  but  through  the  tube  of 
the  inflrument.  The  mirror  G is  failened  to  the  rrame 
by  hinges,  on  the  lide  that  goes  without  the  window  : 
this  glafs,  by  means  of  a jointed  brafs  wire,  6,  y,  and 
the  ferew  H 8,  coiTung  througn  the  frame,  may  be 
moved  either  vertically  or  licrizoutally,  to  throw  the 
fun’s  rays  through  the  brafs  tube  into  the  darkentd 
room.  The  end  of  the  brafs  tube  witiiout  the  Ihutter 
has  a convex  lens,  5,  to  collett  the  ra.ys  tnrown  on  it 
by  the  glais  G,  and  bring  them  to  a focus  in  the  other 
part,  where  D is  a tube  Aiding  in  and  out,  to  adjuft 
the  obieCL  to  a due  diftance  from  the  focus.  And  to 
the  end  G of  another  tube  F,  Is  ferewed  one  of  Wilfon’s 
fimpie  pocket  Microfeopes,  containing  the  objedt  to  be 
magnified  in  a Aider  ; and  by  tube  F,  Aiding  on  the 
fmail  end  E,  of  the  other  tube  D,  it  is  brought  to  a 
true  focal  diftance. 

The  Solar  Microfeope  has  been  introduced  Into  the 
fmail  and  portable  Camera  Obfeura,  as  well  as  the  large 
one  : and  if  the  image  be  received  upon  a piece  of 
half-ground  glafs,  fbaded  from  the  light  of  the  fun,  it 
will  be  fufficiently  vifible.  Mr.  Lieberkiihn  made  con- 
fiderable  improvements  in  his  Solar  Microfeope,  parti- 
cularly in  adapting  it  to  the  viewing  of  opaque  ob- 
jedfs  j and  Ml.  /lepinus,  Eov.  Com.  Petiop.  vol.  9, 
pa.  326,  has  contrived,  by  throwing  the  light  upon  the 
fore'lide  of  any  objedt,  before  it  is  tranfmitted  through 
the  objedl  lens,  to  reprefent  all  kinds  of  objedts  by  it 
wuth  equal  advantage.  In  this  Improvement,  the  body 
of  the  common  Solar  Microfeope  is  retained,  and  only 
an  addition  made  of  two  brafs  plates,  AB,  AC, 
(fig  8),  joined  by  a hinge,  and  held  at  a proper  diF 
tance  by  a ferew.  A fedtion  of  tlieie  plates,  and  of 
all  the  neceftary  parts  of  the  inftrument,  may  be  feen  in 
fig.  9,  where  a c reprefent  rays  of  the  fun  converging 
from  the  illuminating  lens,  and  falling  upon  the  mliTor 
yd,  which  is  fixed  to  the  nearer  of  the  brafs  plates. 
From  this  they  are  thrown  upon  the  objedt  at  ef,  and 
are  thence  tranfmitted  through  the  objedt  lens  at  K, 
and  a perforation  in  the  farther  plate,  upon  a fereen, 
as  ufuah  The  ufe  of  the  fereen  n is  to  vary  the  diftance 
of  the  two  plates,  and  thereby  to  adjuft  the  mirror  to 
the  objedt  with  the  greateft  exactnefs.  M.  Euler  aEo 
contrived  a method  of  introducing  vifion  by  refleded 

light  into  this  I^.Iicrofcope. 

^he  Microscope /or  Opaque  OhjeCls  was  alfo  invent- 
ed by  M.  Lieberkuhn,  about  the  fame  time  with  the 
former,  and  remedies  the  inconvenience  of  having  the 
dark  fide  of  an  objed  next  the  eye  ; for  by  means  of  a 
concave  fpeculum  of  filver,  highly  poliftied,  having  a 
magnifying  lens  placed  in  its  centre,  the  objedj  is  fo 
flrongly  illuminated,  that  k may  be  examined  with 
eafe.  A convenient  apparatus  of  this  kind,  with  4 
different  fpeculums  and  magnifiers,  of  different  powers, 
was  brought  to  perfedion  by  Mr.  Cuff.  Fhilof.  Franf. 
number  4 5 8,  ^9. 

Microscopic  Ohjedsm  All  things  too  minute  to 
be  viewed  diftindly  by  the  naked  eye,  are  proper  ob- 
jeds  for  the  Microfeope.  Dr.  Hook  has^  diilinguifticd 
them  icto  theie  three  general  kinds  j viz,  exceeding 
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fmail  bodies,  exceecding  fmail  pores,  or  exceeding 
fmail  motions.  The  fmail  bodies  may  be  feeds,  in- 
feds,  animalcules,  fands,  falts,  &c : the  pores  may  be 
the  inter  Slices  between  the  folid  parts  ol  bodies,  as  in 
ffones,  minerals,  Aiells,  &c.  or  the  mouths  of  minute 
veftels  in  vegetables,  or  the  pores  of  the  flein,  bones, 
and  other  parts  of  animals  : the  fmdi  motions,  may 
be  the  movements  of  the  feveral  parts  or  members  of 
minute  animals,  or  the  motion  of  the  fiukis,  contained 
either  in  animal  or  vegetable  bodies.  Under  one  of 
other  of  thefe  three  general  lieads,  almoll  every  thing 
about  us  affords  matter  of  obfervation,  and  may  con- 
duce both  to  our  amufement  and  inftrudion. 

Great  caution  is  to  he  uFed  in  forming  a judgment 
on  what  is  feen  by  the  Microfeope,  if  the  objeds  are  ex- 
tended or  contraded  by  force  or  drynefs. 

Nothing  can  be  determined  about  them,  without 
making  the  proper  allowances  ; and  different  lights  and 
pofitions  will  often  Aiew  the  fame  objed  as  very  dif- 
ferent from  itfelf.  There  is  no  advantage  in  any  greater 
magnifier  than  fuch  as  is  capable  of  Aiewing  the  objed  ’ 
in  view  diftindly  ; and  the  lefs  the  glafs  magnifies,  the 
more  pleafantly  the  objed  is  always  feen. 

The  colours  of  objeds  are  very  little  to  be  depended 
on,  as  feen  by  the  Microfeope ; for  their  feveral  com- 
ponent particles,  being  thus  removed  to  great  diftances 
from  one  another,  may  give  reAedions  very  different 
from  what  they  would,  if  feen  by  the  naked  eye. 

The  motions  of  living  creatures  too,  or  of  the  fluids 
contained  in  their  bodies,  are  by  no  means  to  be 
haffily  judged  of,  from  what  we  fee  by  the  Microfeope, 
without  due  confideratlon  ; for  as  tlie  moving  body, 
and  the  fpace  in  which  it  moves,  are  magnified,  the 
motion  muft  alfo  be  magnified  ; and  therefore  that  ra- 
pidity with  which  the  blood  feems  to  pafs  through 
the  veftels  of  fmail  animals,  muft  be  judged  of  accord- 
ingly. Baker  on  the  Microfeope,  pa.  52,  62, 

See  alfo  an  elegant  work  on  this  fubjedf,  lately  publifhed 
by  that  Ingenious  optician  Mr.  George  Adams. 

MIDDLE  Latitude,  is  half  the  fum  of  two  given 
latitudes  ; or  the  arithmetical  mean,  or  the  middle  be- 
tween two  parallels  of  latitude-  1 hcrefore, 

If  the  latitudes  be  of  the  fame  name,  either  both  north 
or  both  fouth,  add  the  one  number  to  the  other,  and 
divide  the  fum  by  2 ; the  quotient  is  tke  middle  lati- 
tudes, which  is  of  the  fame  name  with  the  two  given 
latitudes.  But 

If  the  latitudes  be  of  different  names,  the  one 
north  and  the  other  fouth ; fubtraft  the  lefs  from  the 
erreater,  and  divide  the  remainder  by  2,  fo  ftiall  the 
quotient  be  the  middle  latitude,  of  the  fame  name  with 
the  greater  of  the  two. 


I. 

Fi.v.  2. 

One  lat.  35* 

27' N. 

3S°  ^7' 

the  other  2 1 

13  N. 

21  13 

2 ) s(> 

40 

2 ) 14  14 

Mid.  lat.  28 

20  N. 

Mid.  lat.  7 7 

Middle  Latitude  SatUng,  is  a method  of  refolving 
the  cafes  of  globular  failing,  by  means  of  the  Middle 
Latitude,  on  the  principles  of  plane  and  parallel  failing 

jointly. 
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This  nieil'iod  Is  not  quite  accurate,  yet  often  agrees 
fretty  nearly  with  Mercator’s  Sailing,  and  is  founded 
on  the  following  prirxiple,  vi?.,  That  the  departure  is 
acconiitcd  a meridional  diftance  in  the  middle  latitude 
between  the  latitude  failed  from  and  the  latitude  ar- 
rived at. 

Tliisartiiice  feems  to  have  been  invented,  on  account 
of  the  cafy  manner  in  which  the  feveral  cafes  may  be 
refolved  by  the  Traverfe  Table,  and  to  ferve  where  a 
table  of  meridional  parts  is  wanting.  It  is  fufhciently 
near  the  truth  either  when  the  two  parallels  are  near 
the  equator,  or  not  far  dillant  from  one  another,  in 
any  latitude.  It  i-s  performed  by  theic  two  rules  ; 

j.  As  the  cohne  of  the  middle  latitude 
Is  to  radius  ' : : 

So  is  the  departure  : 

To  the  difference  of  longitude 

Z.  As  the  cofine  of  the  middle  latitude  i 
Is  to  the  tangent  of  the  courfe  : s 

So  is  the  difference  of  latitude  ; 

To  the  difference  of  longitude  . 

Jix,  A flop  fails  from  latitude  37°  north,  fleering 
conflantly  N.  33°  19'  ealL  for  8 days,  wdien  ffe  was 
found  in  latitude  51°  north  j required  her  difference 
©f  longitude. 

18/  51"  iS' 

37 


31^ 

37 


) 88  18 


Diff,  lat.  14 


18 


858  m. 


Mile  of  Riiffa 
of  Italy 


of  England 


of  Scotland  and  Ireland 
Old  League  of  France 
Small  League,  ibid.  ^ 


Gcomet.  Paces, 

750 

1000 

I 2CO 

1500 

1500 

20CO 


Mean  League  of  France 

Ceornct.  Vaccs. 

2500 

Great  League,  ibid. 

3000 

Mile  of  Poland 

3000 

of  Soain 

K 

3428  . 

of  Germany 

4000 

of  Sweden 

- 5OCO 

of  Denmark 

. ” 3000 

of  Hungary 

6coo 

MILITARY  Archikaure. 

The  fame  with  For 

As  COS.  mid.  1.  4409  - " 0*14417 

To  tang.  cour.  5319  - 9*81776 

So  diff.  lat,  858  - 2*93349 

To  diff,  long.  786  - 2*89542 

or  I3°6''dlff.  of  long,  fought. 

Middle  Region.  See  Region. 

MID  Heaven,  Medium  Cceliy  is  that  point  of  the 
ecliptic  wdiich  culminates,  or  is  higheft,  or  is  in  the 
meridian  at  any  time. 

MIDSUMMER-D^j;,,  is  held  mi  the  24ih  of  June, 
the  fame  day  as  the  Nativity  of  St.  John  the  Baptill  is 
held. 

MILE,  a long  meafiire,  by  which  the  Engliff,  Ita- 
lians, and  fome  other  nations,  ufe  to  exprefs  the  diflance 
between  places  ; the  fame  as  the  French  ufe  tfie  word 
R^ague. 

The  Mile  is  of  different  lengths  in  different  countries. 
The  geographical,  or  Italian  Mile,  contains  1000  geo- 
metrical paces,  milk  pajjiis^  whence  the  term  Mile  is 
derived.  The  Englifh  Mile  confiEs  of  8 furlongs,  each 
furlong  of  40  poles,  and  each  pole  of  16I  feet:  fo 
that  the  Mile  is  ~ 8 furlongs  = 320  poles  cr:  1760 
yards  = 5280  fe-et. 

The  following  table  Ihews  the  length  of  the  Mile, 
or  league,  in  the  principal  nations  of  Europe,  expreffed 
in  geometrical  paces  : 


fication, 

MILKY  Way,  Via  La&ea^  or  Galaxy ^ broad  track 
or  path,  encompafilng  the  whole  heavens,  diftinguifliable 
by  its  white  appearance,  whence  it  obtains  the  name. 
It  extends  itfeif  in  fome  parts  by  a double  path,  but  for 
the  moil  part  it  is  fingle.  Its  courfe  lies  tiirough  the 
conflellations  CalTiopeia,  Cygnus,  Aquila,  Perfeus,  An- 
dromeda, part  of  Ophiucusand  Gemini,  in  the  northern 
hemi{]:)here  ; and  in  the  foutliern,  it  takes  in  part  of 
Scorpio,  Sagittarius,  Centaur  us,  the  Argonavis,  and 
the  Ara.  There  are  fome  traces  of  the  fame  kind  of 
light  about  the  foutli  pole,  but  they  are  fmall  in  com-  • 
parifon  of  this:  thefe  are  called  by  fome,  luminous’ 
fpaces,  and  Magellanic  clouds  ; but  they  feem  to  be  of 
the  fame  kind  with  the  Milky  way. 

The  Milky  way  has  been  aferibed  to  various  caufes. 
The  Ancients  fabled,  that  it  proceeded  from  a ftream 
of  milk,  fpilt  from  the  bread  of  Juno,  when  ihe  pufhed 
away  the'  infant  Hercules,  wLom  Jupiter  laid  to 
her  bread  to  render  him  immortal.  Some  again,  as 
Aridotle,  &c,  imagined  that  this  path  confided  only  of 
a certain  exhalation  hanging  in  the  air;  while  Metro- 
dorus,  and  fome  Pythagoreans,  thought  the  fun  had 
once  gone  in  this  track,  indead  of  the  ecliptic  ; and 
■confequeiitly  that  its  whitenefs  proceeds  from  the  re- 
mains of  his  light.  But  it  is  now  wxll  known,  by  the 
help  of  telefcopes,  that  this  track  in  the  heavens  con- 
dds  of  an  immenfe  multitude  of  dars,  feemingly  very 
clofe  together,  whofe  mingled  light  gives  this  appearance 
of  whitenefs ; by  Milton  beautifully  deferibed  as  a 
path  “ pow^dered  with  dars.” 

MILL,  properly  denotes  a machine  for  .grinding 
corn,  8cc  ; but  in  a more  general  fignidcation,  is  ap- 
plied to  all  machines  whole  aflion  depends  on  a cir- 
cular motion.  Of  tliefe  there  are  feveral  kinds,  ac- 
cording to  the  various  methods  of  applying  the  moving 
power  ; as  water-mills,  wdnd-mills,  horfe-mills,  hand- 
mills,  &c,  and  even  deam-mills,  or  fuch  as  are  worked 
by  the  force  of  fteam  ; as  that  noble  druaure  that 
was  ereded  near  Blackfriars  Bridge,  called  the  Albion 
Mills,  but'  lately  deftroyed  by  fire. 

The  w^ater  ads  both  by  itsimpuife  and  vreight  in  a.H 
overfnot  w^ater-mill,  but  only  by  its  impulfc  in  an  im- 
dc! diot  one  ; buu  here  tne  velocity  is  greater,  becaufe 
the  water  is  fuffered  to  defeend  to  a greater  depth  be- 
fore it  drikes  the  wdieel.  ‘ Mr.  Fergufon  obferves,  that 
where  there  is  but  a fmall  quantity  of  water,  and  a fall 
great  enough  for  the  wheel  to  lie  under  it,  the  bucket- 
or  overfiiot  wheel  is  always  ufed  : but  where  tliere  is  a 
large  body  of  water,  with  a little  fall,  the  bread  or 
float-board  wheel  mud  take  place  : and  where  there 
is  a large  fupply  of  water,  as  a river,  or  large  dream 
or  brook,  with  very  little  fall,  then  the  underdiot 
wheel  is  the  eafied,  cheaped,  and  mod  fimpL  dr 
ture. 
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Dr.  Defagullers,  having  had  occafion  to  examine 
many  iinderihot  and  overfliot  Mills,  generally  found 
that  a well  made  overfliot  Mill  ground  as  much  corn, 
in  the  fame  time,  as  an  underfliot  Mill  does  with  ten 
times  as  much  water;  fuppofmg  the  fall  of  water  at 
the 'Overfliot  to  be  20  feet,  and  at  the  underfliot  about 
6 or  7 feet  : and  he  o-enerallv  obfeived  that  the  wheel 
of  the  overfliot  Mill  was  of  15  or  16  feet  diameter, 
with  a head  of  water  of  4 or  5 feet,  to  drive  the  water 
into  the  buckets  with  fome  momentum. 

In  Water-mills,  fome  few  have  given  the  preference 
to  the  underfhot  wheel,  but  moll  writers  prefer  the 
overfhot  one.  M.  Belidor  greatly  preferred  the  under- 
fliot  to  any  other  conilrudlion.  He  had  even  conelnded, 
that  water  applied  la  this  way  will  do  more  than  fix 
times  the  work  of  an  overfliot  wheel  ; wlrile  Dr.  Defa- 
guliers,  in  overthrowing  Eeiidor’s  pofition,  determined 
that  an  overfhot  wheel  would  do  ten  times  the  work  of 
an  underfhot  wheel  with  an  equal  quantity  of  water. 
So  that  between  tliefe  two  celebrated  authors,  there 
is  a difference  of  no  lefs  than  60  to  1.  In  confeq^uence 
of  fuch  moiiflroLis  dlfagreemeiit,  Mr.  Smeaton  began 
the  coiirfe  of  experiments  mentioned  below. 

In  the  Philof.  Tranf.  vol.  51,  for  the  year  1759,  we 
have  a large  paper  with  experiments  on  Mills  turned 
both  by  water  and  wind,  by  that  ingenious  and  expe- 
rienced engineer  Mr.  Smeaton.  From  thofe  experi- 
ments it  appears,  pa.  129,  that  the  effefis  obtained  by 
the  overfliot  wheel  are  generally  4 or  5 times  as  great 
as  thofe  with  the  underfhot  wheel,  in  the  fame  time, 
with  the  fame  expence  of  water,  defeending  from  the 
fame  height  above  the  bottom  of  the  wheels ; or  that 
the  former  performs  the  fame  effedl  as  the  latter,  in 
the  fame  time,  with  an  expence  of  onlv  one-4th  or  one- 
5th  of  the  water,  from  the  fame  head  or  height.  And 
this  advantage  feems  to  arife  from  the  water  lodging 
in  the  buckets,  and  fo  carrying  the  wheel  about  by 
their  weight.  But,  in  pa.  130,  Mr.  Smeaton  reckons 
the  effect  of  overfliot  only  double  to  that  of  the  imdcr- 
fliot  wheel.  And  hence  he  infers,  in  general,  “ that 
the  higher  the  wheel  is  in. proportion  to  the  whole  de- 
feent,  the  greater  will  be  the  effedt ; bccanfe  it  depends 
Ic.fs  upon  the  impulfe  of  the  head,  and  more  upon  the 
gravity  of  the  water  in  the  buckets.  However,  as  every 
thing  has  its  limits,  fo  has  this  ; for  thus  mucli  is  de- 
firable,  that  the  water  fhould  have  fomewhat  greater 
velocity,  than  the  circumference  of  the  wheel,  in 
comingf  thereon  ; otherwife  the  wheel  will  not  only  be 
retarded,  by  the  buckets  flriking  the  water,  but  Thereby 
dafliing  a part  of  it  over,  fo  much  of  the  power  is  loft.’^ 
He  is  farther  of  opinion,  that  the  bell  velocity  for  an 
overfliot  wheel  is  when  its  circumference  moves  at  the 
rate  of  about  3 feet  in  a fecond  of  time.  See  Wind 
Mill. 

Confiderable  differences  have  alfo  arlfen  as  to  the 
mathematical  theory  of  the  force  of  water  flrikinc  the 

V O 

floats  of  a wheel  in  motion.  M.  Parent,  Maclaurin, 
Dofaguliers,  &c,  have  determined,  by  calculation,  that 
a wheel  works  to  the  greatell  etfedl,  when  its  velocity 
is  equal  to  one-third  of  the  velocity  of  the  water 
which  ftrlkes  it  ; or  that  the  greatell  velocity  that  the 
wheel  acquires,  is  one-third  of  that  of  the  water.  And 
this  determination,  whicli  has  been  followed  by  all  ma- 
thematicians till  very  lately,  neceffarily  reftilts  from  a 


pofition  wliich  they  affiime,  viz,  that  the  force  of  the 
water  againfl;  the  wheel,  is  proportional  to  the  fquare  of 
its  relative  velocity,  or  of  the  difference  between  the  ab- 
folute  velocity  of  the  water  and  that  of  the  wdieel. 
And  this  pofition  is  itfelf  an  inference  which  they  make 
from  the  force  of  water  flriking  a body  at  reft,  being  as 
the  fquare  of  the  velocity,  becaufe  the  force  of  each 
particle  is  as  the  velocity  it  ftrikes  with,  and  the  nnm- 
bt-r  of  particles  or  the  whole  quantity  that  ftrikes  is  alfo 
as  the  fame  velocity.  But  when  the  water  ftrikes  a 
body  in  motion,  the  quantity  of  it  that  ftrikes  is  ftill  as 
the  abfolute  velocity  of  tlie  water,  though  the  force  of 
each  particle  be  only  as  the  relative  velocity,  or  that 
with  which  it  ftrikes.  Hence  it  follows,  that  the 
wdiole  force  or  effedl  is  in  the  compound  ratio  of  the 
abiolute  and  relative  velocities  of  the  water  ; and  there- 
fore is  greater  than  the  before  mentioned  effedl  or  force, 
in  the  ratio  of  the  abfolute  to  the  relative  velocity.. 
The  cffecl  of  this  corretlion  is,  that  tlie  maximum 
velocity  of  the  wheel  becomes  one-half  the  velocity 
of  the  w’ater,  inftead  of  one-third  of  it  onlv  : a deter- 
mination  which  nearly  agrees  with  the  bell  experiments,  ‘ 
as  thofe  of  Mr.  Smeaton. 

This  corredlion  has  been  lately  made  by  Mr.  W. 
Waring,  in  the  3d  volume  of  the  Tranfadiions  of  the 
American  Philofophical  Society,  pa.  144.  This  inge- 
nious writer  fays,  ‘ Being  lately  reqiiefted  to  make  fome 
calculations  relative  to  Mills,  particnlarly  Dr.  Barker’s 
conftrutlion  as  improved  by  James  Rumfey,  I found 
more  difficulty  in  the  attempt  than  I at  ftrft  expected. 

It  appeared  neceffary  fo  inveftigate  new  theorems  for 
the  purpofe,  as  there  are  circumftances  peculiar  to  this 
conilruClion,  which  are  not  noticed,  I believe,  by'  airy 
author  ; and  the  theory  of  Mills,  as  hitherto  publiflied, 
is  very  imperfedl,  wdrich  I take  to  be  the  reafou  it  has 
been  of  fo  little  life  to  pradlical  mechanics. 

‘ The  firll  ftep,  then,  toward  calculating  the  power 
of  any  water-mill  (or  wind-mill)  or  proportioning  their 
parts  ail'd  velocities  to  the  greatell  advantage,  feems  to 
be, 

‘ TZ'i?  Cor  red.  Inn  of  an  EJJcnt'ial  III  if  ale  adopted  hy  Writ-- 
ers  on  the  Theory  of  Mills. 

‘ This  ivS  attempted  with  all  the  deference  due  to 
eminent  authors,  whofe  ingenious  labours  have  juftly 
raifed  their  reputation  and  advanced  the  fciences  ; but 
when  any  wrong  principles  are  fucceffively  publifnedby 
a ferics  of  fuch  jrens,  they  are  the  more  implicitly  re- 
ceived, and  more  particularly  claim  a public  reclifica- 
tion  ; which  mult  be  plcafmg,  even  to  theie  candid' 
waiters  themfelves.’ 

A very  ingenious  writer  in  Fngland,  ‘ in  his  mafterly 
treatife  on  the  redlilinear  motion  and  rotation  of  bodies,, 
publiflied  Jo  lately'  as  1784,  continues  this  overflght, 
with  its  pernicious  confequences,  through  his  propofi- 
tions  and  corullarics  (pa.  275  to  284),  although  he 
knew’  the  theory  was  fnfpcdled : for  he  obferves 
(pa.  382)  “ Mr.  Smeaton  in  bis  paper  on  mechanic 
pow'er  (publiflied  in  the  Philofophical  Tranfadtions 
“ for  the  year  1776)  allows,  that  the  theory  ufually 
given  will  not  correfpond  with  matter  of  fadl,  when 
“ compared  witlf  flie  motion  of  machines  ; and  feems 
to  attribute  this  d Jagreemciit,  rather  to  deficiency 
“ in  the  theory,  thaffito  the  obftacles  which  have  pre- 
4 wilted: 
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vented  the  application  of  it  to  the  complicated  mo- 
tion  of  cng’iucs,  See.  Tn  order  to  fatisfy  himfelf  con- 
Gernm^c^  the  realon  of  this  dilap'roement,  he  conilrudf- 
ed  a fet  of  experiments,  which,  from  the  ^ known 
abilities  and  ingenuity  of  tlie  author,  certainly  de- 
ferve  great  coiiiiderati-ou  and  attention  from  eveiy 
**  one  who  is  intereflcd  in  tnefe  inouiries.  * 
iiotwilhfiandiug  the  fame  Icarnec  author  fays,  1 he 
evidence  upon  winch  the  theory  rcils  is  fcaicely  lefs 
than  mathematical I am  forry  to  hud,  in  the  preipat 
!latc  of  the  fcicnces,  one  of  his  abilities  concluding 
(pa.  380)  “ It  is  not  probable  that  the  theory  of  mo- 
tion, however  inconteftible  its  principles  may  be,  can 
aiford  much  affiftance  to  the  practical  mechanic,”  al- 
though indeed  liis  theory,  compared  with  the  abo\e 
■cited  experiments,  might  fuggeft  fiich  an  ^ infeience. 
But  to  come  to  the  point,  I would  juif  premife  thek 


Defiu'itions, 

‘ If  a ftream  of  water  impinge  againft  a wlieel  in 
motion,  there  are  three  difterent  velocities  to  be  con- 
fidered,  appertaining  thereto,  viz, 

Firil,  the  abfolute  velocity  of  the  water  ‘ 

Second,  the  abfolute  velocity  of  th  e wheel  ; 

Third,  the  relative  velocity  of  the  water  to  that  of 
the  wheel, 

1.  e.  the  difference  of  the  abfolute  velocities,  or  the  ve- 
locity with  which  the  water  overtakes  or  ilrikes  the 
wheel.* 

< Now  the  miftake  confifts  in  fuppofing  the  momen- 
tum or  force  of  the  water  againft  the  wheel,  to  be  in 
the  duflkaU  ratio  of  the  relative  velocity  : Whereas, 

Prop.  I. 


* The  force  of  an  Invariable  Stream,  impinging 
jigainft  a Mill-wheel  in  Motion,  is  in  the  Simple  Dired 
Proportion  of  the  Relative  Velocity d 

* For,  if  the  relative  velocity  of  a fluid  againft  a fin- 
gle  plane  be  varied,  either  by  the  motion  of  the  plane, 
or  of  the  fluid  from  a given  aperture,  or  both,  then, 
the  number  of  particles  adling  on  the  plane  in  a given 
time,  and  likewife  the  momentum  of  each  particle, 
being  refpeftively  as  the  relative  velocity,  the  force  on 
both  thefe  accoimts,  muft  be  in  the  duplicate  ratio  of 
the  relative  velocity,  agreeably  to  the  common  theory, 
with  refpedf  to  this  fingJe  plane  : but,  the  number  of 
thefe  planes,  or  parts  of  the  wheel  aded  on  in  a given 
time,  will  be  as  the  velocity  of  the  wheel,  or  inverfely 
as  the  relative  velocity  ; therefore,  the  moving  force  of 
the  wheel  muft  be  iii  the  Ample  dire6f  ratio  of  the  rela- 
tive velocity.  E.  D. 

^ Or  the  propofition  is  manifeft  from  this  confidera- 
tlon  ; that,  while  the  ftream  is  invariable,  whatever  be 
the  velocity  of  the  wheel,  the  fame  number  of  particles 
or  quantity  of  the  fluid,  muft  ftrike  it  fomewhere  or 
other  in  a given  time  ; confequently  the  variation  ^of 
force  is  only  on  account  of  the  varied  impingent  velocity 
of  the  fame  body,  occafioned  by  a change  of  motion 
in  the  wheel ; that  is,  the  momentum  is  as  the  relative 
velocity.* 

‘ Now,  this  true  principle  fubftituted  for  the  erro- 
neous one  in  ufe,  will  bring  the  theory  to  agree  remark- 
ably with  the  notable  experiments  of  the  ingenious 
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Smeaton,  before  mentioned,  pubhfhed  in  the  Philofo- 
phical  Tranfadlions  of  the  Royal  Society  of  London 
for  the  year  voi.  which  the  lionoiary  an- 

nual medal  w’^as  adjudged  by  the  fociety,  and  prefented 
to  the  author  by  their  prefident.  An  inftance  or  two 
of  the  importance  of  this  correiftion  may  be  adduced  as 
below.* 

Prop.  II. 

‘ The  velocity  of  a wheel,  moved  by  the  impadl  of 
a ftream,  muft  be  half  the  velocity  of  the  fluid,  to  pro- 
duce the  greateft  poffible  eifedl. — For  let 

V = the  velocity,  m the  momentum  of  the  fluid  j 

V = the  velocity,  p ~ the  power  of  the  wheel. 

Then  V — = the  relative  velocity,  by  def.  3d; 

and  asV  :V  — “u  ::  m : — xV  — — p (P^°P*  ^ ) » 


this  multiplied  by 'll,  givesy)'u  = — — — a 

maximum  ; hence  Vv  — 'a’-  ==  a maximum,  and  its 

• • 

fluxion  (a;  being  the  variable  quantity)  is  Yv  — zvv=  o; 
therefore  v = 4 V,  that  is,  the  velocity  of  the  wheel 
half  that  of  the  fluid,  at  the  place  of  impadf,  when 
the  effedt  is  a maximum.  Q^E.  D.* 

‘ The  ufual  theory  gives  v :=  5V ; where  the  error 
is  not  lefs  than  one  third  of  the  true  velocity  of  the 
wheel.* 

‘ This  propofition  is  applicable  to  underfhot  wheels, 
and  correfponds  with  the  accurate  experiments  before 
cited,  as  appears  from  the  author*s  conclufion  (Philof. 
Tranf.  for  1776,  pa.  457),  viz,  “ The  velocitjr  of  the 
wheel,  which  according  to  M.  Parent’s  determina- 
tion,  adopted  by  Defaguliers  and  Maclaurin,  ought  to 

be  no  more  than  one  third  of  that  of  the  water,  varies 
“ at  the  maximum  in  the  experiments  of  table  i,  be- 
**  tween  one  third  and  one  half ; but  in  ail  the  cafes 
“ there  related,  in  which  the  molt  work  is  performed 
“ in  proportion  to  the  water  expended,  and  which  ap- 
proach  the  neareft  to  the  circumftanccs  of  great 
“ works  when  properly  executed,  the  maximum  lies 
“ much  nearer  one  half  than  one  third,  one  half  feerning 
“ to  he  the  true  maximum^  if  nothing  were  loft  by  the 
“ refiftance  of  the  air,  the  fcattering  of  the  water  car- 
“ lied  up  by  the  wheel,  &c.**  Thus  he  fully  (hew* 
the  common  theory  to  have  been  very  defective ; but, 
I believe,  none  have  fince  pointed  out  wherein  the  de- 
ficiency lay,  nor  how  to  corredt  it ; and  now  we  fee  the 
agreement  of  the  true  theory  with  the  refult  of  his  ex» 
periments.’  For  another  problem. 


Prob.  III. 

‘ Given,  the  momentum  (m)  and  velocity  (V)  of  tht 
fluid  at  I,  the  place  of  impaifr  ; the  radius  (RnzIS) 
of  the  wheel  ABC  ; the  radius  (r  DS)  of  the  fmaU 
wheel  DEF  on  the  fame  axle  or  fhaft  ; the  weight  fw) 
or  refiftance  to  be  overcome  at  D,  and  the  fridlion  (y  ) 
or  force  neceffary  to  move  the  wheel  without  the 
weight ; required  the  velocity  (vj)  of  the  wheel  &c.** 

V — V 

‘ Here  we  have  V : V — •n  : : w : X — = 

the  adfing  force  at  I in  the  dircdlion  KI,  as  befor<; 

rw 

(prop.  3).  Now  R : r ;;  w : = the  power 

* at 
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at  I ncoeffary  to  coiinterpoife  the  weight  w ; hence 
riv  • 

"f  / = the  whole  refillance  oppofed  to  the  a(5tioii 


©f  the  fiuid  at  I ; which  deducted  from  the  moving 
r 1 V — ‘U  rty 

lorce,  leaves  m x — — f — the  accele- 

rating for*€  of  the  machine  ; which,  when  the  motion 
becomes  uniform,  will  be  evanefeent  or  = o ; therefore 
V — V r’vu 


m X 


R 


+ /)  which  gives 


rw 


•0  — V XI ^ = the  true  velocity  re- 


m R 7n 


quired  ; or,  if  we  rejedt  the  fridion,  then 
•V  = V XI  T-  • — is  the  theorem  for  the  velocity 
of  the  wheel.  This,  by  the  common  theory,  would  be 
*»  = V X I — which  is  too  little  by 


.rzt) 


r<zo 


V a/ — ^ — V— rr- . No  wonder  why  wc  have 
T/iK  wK 

hitherto  derived  fo  little  advantage  from  the  theory.* 

‘ CoROL.  I.  If  the  weight  (w)  or  refiftance  be  re- 
quired, fuch  as  juft  to  admit  of  that  velocity  which 
would  produce  the  greateft  effedt ; then,  by  fubftituting 
4;V  for  its  equivalent  v (by  prop.  2),  we  have 

lV=:Vx  I hence  ® x R; 

m Km  r 

or,  if  o,  w = ; but  theorlfts  make  this  — , 

2r  9/- 

, , . ttjR  , 

where  the  error  is  * 


l8r 


‘ CoROL.  2.  We  have  alfo  r = 


___  \m-f 


m 


R 


nv 


X R ; or, 


rejedl;ing  friclion,  r =1  — , when  the  greateft  effedl  is 

produced,  inftead  of  r = , as  has  been  fuppofed: 

this  is  an  important  theorem  m the  conftrudion  of 
mills.’ 

In  the  fame  volume  of  the  American  Tranfadlons, 
pa.  185,  is  another  ingenious  paper,  by  the  fame  au- 


thor, on  the  power  and  machinery  of  Dr.  Barker*^ 
Mill,  as  improved  by  Mr.  James  Rumfey,  with  a de- 
feription  of  it.  This  is  a Mill  turned  by  the  refilling 
force  of  a ftream  of  water  that  iffues  from  an  orifice, 
the  rotatory  part,  in  -which  that  orifice  is,  being  impelled 
the  contrary  way  by  its  readtion  againft  the  ftream  that 
ifiiies  from  it. 

Mr.  Fergulon  has  given  the  following  diredlions  for 
conftrudling  water  mills  in  the  beft  manner  ; with  a 
table  of  the  feveral  correfponding  dimenfions  proper  to 
a great  variety  of  perpendicular  falls  of  the  water. 

When  the  float-boards  of  the  water-wheel  move 
with  a 3d  part  of  the  velocity  of  the  water  that  adts 
upon  them,  the  water  has  the  greateft  power  to  turn 
the  Mill ; and  when  the  millftone  makes  about  60  turns 
in  a minute,  it  is  found  to  perform  its  work  tlie  beft: 
for,  when  it  makes  but  about  40  or  50,  it  grinds  too 
flowly  ; and  when  it  makes  more  than  70,  it  heats  the 
meal  too  much,  and  cuts  the  bran  fo  fmall  that  a great 
part  of  it  mixes  with  the  meal,  and  cannot  be  feparated 
from  it  by  fifting  or  boulting.  Confequently  the  ut- 
moft  perfe£lion  of  mill-work  lies  in  making  the  train  fo 
as  that  the  millftone  fhail  make  about  60  turns  in  a 
minute  when  the  water  wheel  moves  with  a 3d  part  of 
the  velocity  of  the  water*  To  have  it  fo,  obferve  the 
following  rules  : 

1.  Meafure  the  perpendicular  height  of  the  fall  of 
water,  in  feet,  above  the  middle  of  the  aperture^ 
where  It  is  let  out  to  adl  by  impulfe  againft  the  float- 
boards  on  the  loweft  fide  of  the  underftiot  wheel. 

2.  Multiply  that  height  of  the  fall  in  feet  by  the 
conftant  number  64},  and  extra6l  the  fquare  root  of 
the  produdl,  which  will  be  the  velocity  of  the  water  at 
the  bottom  of  the  fall,  or  the  number  of  feet  the  water 
moves  per  fecond. 

3.  Divide  the  velocity  of  the  water  by  3 ; and  the 
quotient  will  be  the  velocity  of  the  floats  of  the  wheel 
in  feet  per  fecond. 

4.  Divide  the  circumference  of  the  wheel  in  feet,  by 
the  velocity  of  its  floats  ; and  the  quotient  will  be  the 
number  of  feconds  in  one  turn  or  revolution  of  the  great 
water-wheel,  on  the  axis  of  which  is  fixed  the  cog- 
wheel that  turns  the  trundle. 

5.  Divide  60  by  the  number  of  feconds  in  one  turn 
of  the  water-wheel  or  cog-wheel  ; and  the  quotient 
will  be  the  number  of  turns  of  either  of  thefe  wheels 
in  a minute. 

6.  Divide  60  (the  number  of  turns  the  millftone 
ought  to  have  in  a minute)  by  the  abovefaid  number 
of  turns  ; and  the  quotient  will  be  the  number  of  turns 
the  millftone  ought  to  have  for  one  turn  of  the  water 
or  cog-wheel.  Then, 

7.  As  the  required  number  of  turns  of  the  millftone 
in  a minute  is  to  the  number  of  turns  of  the  cog- 
wheel in  a minute,  fo  miift  the  number  of  cogs  in 
the  wheel  be  to  the  number  of  ftaves  or  rounds  in  the 
trundle  on  the  axis  of  the  millftone,  in  the  neareft 
whole  number  that  can  be  found. 

By  thefe  rules  the  following  table  is  calculated ; in 
which,  the  diameter  of  the  water-wheel  is  fuppofed 
18  feet,  and  confequently  its  circumference  feet, 
and  the  diameter  of  the  millftone  is  5 feet. 
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Perpendicular 
height  of  the 

0 

fall  of  water. 

Velocity  ofthe 
water  in  feet 
per  lecond. 

( Velocity  of  th« 
j wheel  m feet 
i per  fecond. 

1 

; Number  of  | 
turns  of  the 
wheel  in  a mi- 
nute. 

4, 

Required  n^. 
of  turns  of  the 
milUfone  for 
each  turn  of 
the  wheel  • 

Neareft  num- 
ber of  cogs  and 
ftaves  for  that 
purpofe, 

0 ^ 

0 p 

< 

r « 

C/) 

Number  of 
turns  of  the 
mil  iftone  for 
one  turn  of 
the  w heel  by 
thefe  cogs  and 
ftaves. 

Number  of  i. 
turns  of  the 
millftonc  in 
a minute  by 
thefe  co?s  and 
ftaves. 

I 

8 '0  2 

2‘6-J 

2*83 

2 I *20 

127 

6 

21*17 

‘ 59*9  ^ 

2 

I I '40 

■ 

4*00 

15*00 

105 

7 

15*00 

60  *00 

3 

13*89 

4*63 

4-91 

12*22 

98 

8 

12*25 

60*14  1 

4 

16*04 

5*35 

5-67 

10*58 

95 

9 

10*56 

59-87 

17*93 

5*98  ' ' 

6*34 

9-46 

85 

9 

9*44 

59-84 

6 

19*64 

6*55 

6*94 

8*64 

78 

9 

8*66 

6o*io 

7 

21*2  1 

7*07 

7*50 

8*00 

72 

9 

8 *00 

6c  *00 

8 

22*68 

7*56 

8*02 

7*48 

67 

9 

7*44 

59-67 

Q 

24*0C 

8*02 

8*51 

7*05 

70 

10 

7*00 

59*57 

/ 

10 

2 ^‘35 

8*45 

8*97 

6*69 

67 

10 

6*70 

60*09 

I I 

26*59 

8*86 

9*40 

6*38 

64 

10 

6*40 

6o*i6 

12 

27-77 

0*26 

9*82 

6*  1 1 

61 

10 

6*10 

59*90 

1 3 

28*01 

0*64. 

10*22 

5*87 

59 

10 

5*8o 

60*18 

14 

30*00 

10*00 

! D'6t) 

f -5*66 

*56 

10 

5 *60 

'"15 

31*05  * 

io*3y  ■ 

10*99 

5 •46  . 

55 

10 

5*40 

60*48 

16  > 

32-07- 

10 ‘69 

1 1 *34 

5*29 

53. 

10 

5*30 

6o“io 

17 

33*o6 

11*02’ 

11*70  ‘ 

5*^3 

51 

10 

5*10 

59*67  - 

18 

34*02 

11*34 

3 2*02 

4*99 

50 

10 

5*00 

60*10 

19 

34‘95 

1 1*65  - 

12*37 

4-85 

49 

10 

4*8o 

60*61 

20 

35*86 

1 1*92 

• r 

12*68 

r 

4*73 

47 

16 

4*70 

59*59,  , 

Por  the  theory  and  con{tru6lion  of  Wind-mills,  fee 
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million,  the  number  of  ten  hundred  thoufand, 
ora  thoufand  times  a thoufand.  ^ ‘ ! 

MINE,  in  Fortification  &c,  is  a fubterraneous  ca- 
nal or  pafTage,  dug  under  any  place  or  work  intended 
to  be  blown  up  by  gunpowder.  The  paiTage  ofa  mine 
leading  to  the  powder  is  called  the  Gallery  ; and  the 
extremity,  or  place  where  the  powder  is  placed,  is 
called  the  Chamber,  The  line  drawn  from  the  centre 
of  the  chamber  perpendicular  to  the  neareft  furface,  is 
called  the  I^ine  oj  le^^  IReJiJiance  ; and  the  pit  or  hole, 
made  by  the  mine  when  fprung,  or  blown  up,  is  called 
the  Eiccavation. 

The  Mines  made  by  the  befiegers  in  the  attack  of  a 
place,  are  called  fimply  .Mines  ; and  thofe  made  by  ,the 
Coiinter’-mities , 

The  fire  is  conveyed  to  the  Mine  by  a pipe  or  hole, 
made  of  coarfe  cloth,  of  about  an  inch  and  half  in  dia- 
meter, called  Saucifon,  extending  from  the  powder  in 
the  chamber  to  the  beginning  or  entiance  of  the  gal- 
lery, to  the  end  of  which  is  fixed  a match,  that  the 
miVer  who  fets  fire  to  it  may  have  time  to  retire  before 
it  reaches  the  chamber. 

It  is  found  by  experiments,  that  the  figure  of  the 
excavation  made  by  the  exploiion  of  the  powder,  is 
nearly  a paraboloid,  having  its  focus  in  the  centre  of 
the  powder,  and  its  axis  the  line  of  leak  refiflance  ; 
its  diameter  being  more  or  lefs  according  to  the  quan- 
tity of  the  powder,  to  the  fame  axis,  or  line  of  lead  re- 
fifiance.  Thus,  M.  Belidor  lodged  feven  different 


■quantities 'of  powder  in  as  many  different  mines,  of  the 
fame  depth,  or  line  of  leaft  refiftane'e  lo  feet ; the 
charges  and  greateff  diameters  of  the  excavation,  mea- 
ured  aftef  thcexplofion,  were  as  follow  : 


, Pow'der. 

Diam. 

iff 

- I20lb  . -- 

2 2|-  feet 

-■  2d 

"•  J '6  0 *• 

26 

3<1 

200 

29 

4th 

240 

5 th 

280 

33 1 

6th 

320 

36- 

' 7th 

360  - - 

3.S 

From  which  experiments  it  appears  that  the  excava- 
tion, or  quantity  of  earth  blown  up,  is  in  the  fame  pro- 
portion with  the  quantity  of  powder  ; whence  the 
charge  of  powder  ncceffary  to  produce  any  other  pro- 
pofed  effedi,  will  be  had  by  the  rule  of  Proportion. 

Mine-DL/,  is  a box  and  needle,  with  a brafs  ring 
divided  into  360  degrees,  with  feveral  dials  graduated 
upon  it,  commonly  made  for  the  life  of  miners. 

MINUTE,  is  the  60th  part  of  a degree,  or  of  an 
hour.  The  minutes  of  a degree  are  marked  with 
the  acute  accent,  thus  > ; the  fcconds  by  two,  '' ; 
the  thirds  by  three,  . The  /hinutes,  feconds,  thirds, 
&c,  in  time,  are  fometimes  marked  the  fame  w^ay  ; but, 
to  avoid  confufion,  the  betteil  w^ay  is,  by  the  initials  of 
the  words  ; as  minutes  fecbiids  % thirds  % &c. 

Minute,  in  Architedlure,  ulually  denotes  the  60th 
part  of  a module,  but  fometimes  only  the  30th  part, 

3 MIRROR, 
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MIRROR,  afpeculura,  looking-glafs,  oi*  anypolifh- 

body,  v/hofe  life  is  to  fo,rm  the  images  of  dillindl 
objects  by  reflexion  of  the  rays  of  light. 

Mirrors  are  either  plane,  convex,  or  concave.  The 
firfl  fort  reflets  the  rays  of  light  in  a diredlion  exadfly 
limilar  to  th  in  which  they  fall  upon  it,  and  there- 
fore reprefents  bodies  of  their  natural  magnitude.  But 
the  convex  ones  make  the  rays  diverge  much  more  than 
before  reflexion,  and  therefore  greatly  dirainifh  the 
images  of  thofe  objedfs  whicli  they  exhibit : while  the 
concave  ones,  by  collcdling  the  rays  into  a focus,  not 
only  magnify  the  objects  they  fhew,  but  will  alfo  burn 
very  fiercely  when  expofed  to  the  rays  of  the  fun  ; and 
hence  they  are  commonly  known  by  the  name  of 
buruip.g  Mirrors. 

In  ancient  times  the  Mirrors  were  made  of  fome  kind 
of  metal  ; and  from  a paffage  in  the  Mofaic  writings 
we  ieain,  that  the  Mirrors  ufed  by  the  Jewifh  women, 
were  made  of  biafs  ; a pradlice  doubtiefs  learned  from 
the  Egyptia^is. 

Any  kind  of  metal,  when  well  polifhed,  will  reflect 
very  powerfully  ; but  of  all  others,  filver  reflects  the 
moft,  though  it  has  always  been  too  expenfive  a mate- 
rial for  common  ufe.  Gold  is  alfo  very  powerful  ; and 
all  metals,  or  even  wood,  gilt  and  polifhed,  will  adl 
very  powerfully  as  burning  Mirrors.  Even  poliihed 
ivory,  or  ftraw  nicely  plaited  together,  will  form  Mir- 
ror’s capable  of  burning,  if  on  a large  fcale. 

Since  the  invention  of  glafs,  and  the  application  of 
^utckfilvcr  to  it,  hare  become  generally  known,  it  has 
been  urriverfally  employed  for  thofc  plane  Mirrors  ufed 
as  ornaments  to  houfes ; but  in  making  refledfrng  te» 
lefcopes  they  have  been  found  much  inferior  to  metal- 
lic ones.  It  does  not  appear  however  that  the  fame  fu- 
perlority  belongs  to  the  metallic  burning  Mirnors,  con- 
fi'der'ed  merely  as  burning  fpeculums;  fuice  tire  Mirror 
wi  th  which  Mr.  Macquer  melted  platina,  though  only 
2 2 inches  diameter,  and  made  of  quickfilvered  glafs, 
produced  much  greater  effeds  than  M.  Villette’s  metal 
Ipeculum,  whieh  was  of  a much  larger  fize.  It  is  very 
probable,  however,  that  M,  Villette’s  Mirror  was  not 
fo  well  poliflicd  as  it  ought  to  have  been  ; as  the  art  of 
preparing  the  metal  for  taking  the  flneft  pollfli,  has 
but  lately  been  dlfcovered,  and  publifhed  in  the  Phi- 
Idf.  Tranfadions,  by  Dr.  Miidge  of  Plymouth,  and, 
after  hinf,  by  Mr.  Edwards,  Dr,  HeiTchel,  See. 

Some  of  the  more  remarkable  laws  and  phenomena 
of  plane  Mirrors,  are  as  follow  ; 

1.  A fpedator  will  fee  his  image  of  the  fame  fixe, 
and  eredt,  but  reverfed  as  to  right  and  lefc,  and  as 
far  beyond  the  fpeculum  as  he  is  before  it.  As  he 
moves  to  or  from  the  fpeculum,  his  image  will,  at  the 
fame  time,  move  towards  or  from  the  fpeculum  alfo  on 
the  other  fide.  In  like  manner  if,  while  the  fpedator 
ifi  at  reft,  an  objed  be  in  motion,  its  image  behind  the 
fpeculum  will  be  leen  to  move  at  the  fame  rate.  Alfo 
when  the  fpedator  moves,  the  images  of  objeds  that  are 
at  reft  will  appear  to  approach  or  recede  from  him,  after 
th’C  fame  manner  as  when  he  moves  towards  real  ob- 
jeds, 

2.  If  feveral  Mirrors,  or  feveral  fragments  or  pieces 
of  Mirrors,  be  alldifpofed  in  the  fame  plane,  they  will 
only  exh  bit  an  objed  once. 

3.  If  two  plane  Mirrors,  or  fpeculums,  meet  in  any 


angle,  the  eye,  placed  within  that  angle,  will  fee  the 
image  of  an  objed  placed  within  the  lame,  as  often  re- 
peated as  there  may  be  perpendiculars  drawn  determin- 
ing the  places  of  the  images,  and  terminated  without 
the  angle.  Hence,  as  the  more  perpendiculars,  ter- 
minated without  the  angle,  may  be  drawn  as  the  angle 
is  more  acute  ; the  acuter  the  angle,  the  more  nume- 
rous the  Images.  Thus,  Z.  Traber  found,  at  an  an- 
gle of  one-3d  of  a circle,  the  image  was  reprefented 
twice,  at  ^th  thrice,  at  ^th  live  times,  and  at  Pith 
eleven  times. 

Farther,  if  tlie  Mir  rors  be  placed  upright,  and  fo 
conti'aded  ; or  if  you  retire  from  them,  or  approach  to 
them,  tili  the  imagesrefleded  by  them  coalelce,  or  run 
into  one,  they  will  appear  monftroufly  diftorted.  Thus, 
if  they  be  at  an  angle  lomevvhat  greater  than  a right 
one,  the  image  of  one's  face  will  appear  with  only  one 
eye ; if  the  angle  be  lefs  than  a right  one,  you  will  fee 
3 eyes,  2 iiofes,  2 mouths,  &c.  At  an  angle  ftill  left, 
the  body  will  have  two  heads.  At  an  angle  foaiewhat 
greater  than  a right  one,  at  the  diftance  of  4 feet,  the 
body  will  be  headlefs,  See.  Again,  if  the  Mirrors  be 
placed,  the  one  parallel  to  the  horizon,  the  other  in- 
clined to.it,  or  declined  from  it,  it  is  eafy  to  perceive 
that  the  images  will  be  ftill  more  romantic.  Thus,  one 
being  declined  from  the  horizon  to  an  angle  of  144 
degrees,  and  the  other  inclined  to  it,  a man  fees  himfeif 
Handing  with  his  head  to  another’s  feet. 

Hence  it  appears  how  Mirrors  may  be  managed  in 
gardens,  &c,  fo  as  to  convert  the  images  of  thofe  near 
them  into  monfters  of  various  kinds' j and  fince  glafs 
Ml  rrors  will  refled  the  image  of  a lucid  objed  twice  or 
thrice,  if  a candle,  ScCy  be  placed  in  the  angle  between 
two  Mirrors,  it  will  be  multiplied  a great  number  of 
times. 

Lav,<s  (tf  Convex  Mirrors. 

1.  In  a fpherical  convex  Mirror,  the  image  is  lefji 
than  the  objed.  And  hence  tlie  ufe  of  fuch  Mirrors 
in  tlie  art  of  painting,  where  ol:)jeds  are  to  be  repre- 
fented lefs  than  the  life. 

2.  In  a convex  Mirror,  the  more  remote  the  objed, 
the  lefs  its  image  ; alfo  the  fmaller  the  Mirror,  the  left 
the  image. 

3.  In  a convex  Mirror,  the  right  liand  is  turned  to 
the  left,  and  the  left  to  die  right ; and  magnitudes  per- 
peixiicular  to  the  Mirror  appear  inverted. 

4.  The  image  of  a right  line,  perpendicular  to  the 
Mirror,  is  a right  line  ; but  that  of  a right  line  oblique 
or  paiallcl  to  the  Mirror,  is  convex. 

5.  Rays  rcfledled  from  a convex  Mirror,  diverge  more 
than  if  reflected  from  a plane  Fvl irroi  ; and  the  fmaller 
the  fphere,  the  more  the  risys  diverge. 

luows  of  Concave  Mirrors. 

The  effeds  of  concave  Mirrors  are,  iw  general,  the 
reverie  of  thofe  of  convex  ones  5 rays  being  made  tn 
converge  more,  or  diverge  lefs  tiian  in  plane  Mirrors  ; 
tlie  image  is  maguiflcd,and  the  more  fo  as  the  fphere  is 
fmaller;  &c,  6cc. 

MITRE,  in  Arcliitedure,  is  the.  workmen’s  term 
for  an  angle  that  is  juft  45“  degrees,  or  liail  a right  an- 
gle. ■ And  if  the.  angle  be  the  half  of  this,  or  a quarter  . 
of  a right  angle,  they  call  It  a half-witre, 
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Mixt  Angle^  or  Figure,  is  one  contained  by  both 
right  and  curved  lines. 

Mixt  Number,  is  one  that  is  partly  an  integer,  and 
partly  a fraction  ; as  3^. 

Mixt  Ratio,  or  Proportion,  is  when  the  fum  of  the 
antecedent  and  confeqnent  is  compared  with  the  differ- 
ence of  the  antecedent  and  confequent ; 
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MOAT,  in  Fortification,  a deep  trench  dug  round 
a town  or  fortrefs,  to  be  defended,  on  the  outfidc  of  the 
w^all,  or  rampart. 

The  breadth  and  depth  of  a Moat  often  depend  on 
the  nature  of  tiie  foil ; according  as  it  is  marfliy, 
rockv,  or  the  like.  1 he  brink  of  the  Moat  next  the 
rampart,  is  called  the  Scarp  ; and  the  oppofite  fide,  the 
Counterfearp. 

Moat,  is  one  that  is  without  water;  which 
oupht  to  be  deeper  than  one  that  has  water,  called  a 
Vdet  Moat.  A Dry  Moat,  or  one  that  has  a little  water, 
has  often  a fmali  notch  or  ditch  run  all  along  the  middle 
o-f  its  bottom,  called  a Cuvette. 

Flat-bottomed  Moat,  is  that  which  has  no  Hoping,  its 
corners  being  fomewhat  rounded. 

Fined  y\.o AT,  is  that  whofe  fcarp  and  counterfearp 
are  cafed  with  a wall  of  mafon’s  work  lying  aflope. 

MOBILE,  Primuni,  in  the  Ancient  Aftronomy, 
was  a 9th  heaven,  or  fphere,  conceived  above  thofe  of 
the  planets  and  fixed  ftars.  It  was  fuppofed  that  this 
was  the  firft  mover,  and  carried  all  the  lower  fpheres 
about  with  it ; by  its  rapidity  communicating  to  them 
a motion  carrying  them  round  in  24  hours.  But  the 
diurnal  apparent  revolution  of  the  heavens  is  now  better 
accounted  for,  by  the  rotation  of  the  earth  on  its 
axis,  without  the  affiftance  of  any  fuch  Primum  Mo- 
bile. 

MOBILITY,  an  aptitude  or  facility  to  be  moved. 

The  Mobility  of  Mercury  is  owing  to  the  fmallnefs 
and  fphericity  of  its  particles  ; and  thefe  alfo  render  its 
fixation  fo  difficult. 

The  hypothefis  of  the  Mobility  of  the  earth  is  the 
moll  plaufible,  and  is  univerfally  admitted  by  the  later 
aftronomers. 

Pope  Paul  V.  appointed  commiffioners  to  examine  the 
opinion  of  Copernicus  touching  the  Mobility  of  the 
earth.  The  refult  of  their  enquiry  was,  a prohibition 
to  affert,  not  that  the  Mobility  was  poffible,  but  that  it 
was  really  true  : that  is,  they  allowed  the  Mobility  of 
the  earth  to  be  held  as  an  hypothefis,  which  gives  an  eafy 
and  fenfible  folution  of  the  phenomena  of  the  heavenly 
motions ; but  forbade  the  Mobility  of  the  earth  to  be 
maintained  as  a thefis,  or  real  effective  thing  becaufe 
they  conceived  it  contrary  to  Scripture. 

MODILLIONS,  fmali  Inverted  confoles  under  the 
foffit  or  bottom  of  the  drip,,  or  of  the  corniche,  feeming 
to  fupport  the  projedlure  of  the  larmier,  in  the  Ionic, 
Compofite,  and  Corinthian  orders., 

MODULE,  or  Little  Meafure,  in  Architecture,  a 
certain  meafiire,  taken  at  pleafure,  for  regulating  the 
proportions  of  columns,  and  the  fymmetry  or  dillribur 


tion  of  the  whole  building,  ArchiteCfs  ufually  cliooft 
the  diameter,  or  the  femidiameter,  of  the  bottom  of  the 
column,  for  their  Module  ; which  they  fubdivide  into 
minutes  ; for  effimating  all  the  other  parts  of  the  build- 
ing by. 

MOINEAU,  a fiat  baflion  raifed  before  a curtia 
when  it  is  too  long,  and  the  bail  ions  of  the  Angles  too  re- 
mote to  be  able  to  defend  one  another.  Sometimes  the 
Moineau  is  joined  to  thecurtin,  and  fometimes  it  is  di- 
vided from  it  by  a moat.  Here  mufquetry  are  placed 
to  fire  each  way. 

MOLYNEUX  (William),  an  excellent  mathema- 
tician and  aftronomer,  was  born  at  Dublin  in  1656.  Af- 
ter the  ufual  grammar  education,  which  he  had  at  homie, 
he  was  entered  of  the  univerfity  of  that  city.  Here  he 
difiinguifhed  himfelf  by  the  probity  of  his  manners,  as 
well  as  by  the  ftrength  of  his  parts  ; and  having  made  a 
remarkable  progrefs  in  academical  learning,  and  j^arti- 
cularly  in  the  new  philofophy,  as  it  was  then  called,  af- 
ter four  years  fpent  in  this  univerfity,  he  was  fent  over 
to  London,  where  he  was  admitted  into  the  Middle 
Temple  in  1675.  Here  he  fpent  three  years,  in  the 
ffiidy  of  the  laws  of  his  country.  But  the  bent  of  his 
genius  lay  ilrbngly  toward  mathematical  and  philofo- 
phical  ftudies  ; and  even  at  the  univerfity  he  conceived 
a difiike  to  fcholaftic  learning,  and  fell  into  the  me- 
thods of  lord  Bacon. 

Returning  to  Ireland  in  1678,  he  fhortly  after  married 
Lucy  the  danghterof  Sir  William  Domville,  the  king’s 
attorney-general.  Being  mailer  of  an  eafy  fortune,  he 
continued  to  indulge  himfelf  in  profecuting  fuch 
branches  of  natural  and  experimental  philofophy  as 
were  moil  agreeable  to  his  fancy ; in  which  ailronomy 
having  the  greateil  fliare,  he  began,  about  i68 1,  a lite- 
rary correfpondence  with  Mr.  Flamftecd,  the  king’s  af- 
tronomer, which  he  kept  up  for  feveral  years.  In  1685 
he  formed  a defign  of  eredling  aPhilofophical  Society  at 
Dublin,  in  imitation  of  the  Royal  Society  at  London  ; 
and,  by  the  countenance  and  encouragement  of  Sir  Wil- 
liam Petty,  who  accepted  the  office  of  prefident,  began, 
a weekly  meeting  that  year,  when  our  author  was  ap* 
pointed  their  firft  fecretary. 

Mr.  Molyneux’s  reputation  for  learning  recommend- 
ed him,  in  1684,  to  the  notice  and  favour  of  the  firft 
great  duke  of  Ormond,  then  lord-lieutenant  of  Ireland;, 
by  whofe  influence  chiefly  he  was  appointed  that  year,, 
jointly  with  fir  William  Robinfon,  furveyor-gcneral  of 
the  king’s  buildings  and  works,  and  chief  engineer. 

In  1685,  he  was  chofen  fellow  of  the  Royal  Society 
at  London  and  that  year  he  was  fent  by  the  govern-- 
ment  to  view  the  moft  confiderable  fortreffes  in  Flan- 
ders. Accordingly  he  travelled  through  that  country, 
and  Holland,  with  part  of  Germany  and  France ; and 
carrying  with  him  letters  of  recommendation  from 
Flamfteed  to  Caffini,  he  was  introduced  to  him,  and 
others,  the  moft  eminent  aftronomers  in  the  feveral 
places  through  which  he  paffed. 

Soon  after  his  return  from  abroad,  he  printed  at 
Dublin,  in  \ 6^6,\\hSeiotherictim  Felefcopium,  containing 
a Defeription  of  the  Structure  and  Ufe  of  a Pelefcopic 
Dial,  invented: by  him  : another  edition  of  which  was 
publifhed  at  London  in  1700. 

In  1688  the  Philofophical  Society  of  Dublin  was 
broken  up  and  difpeifed  by  the  confufion  of  the  times.. 
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Mr.  Molyneux  had  di^linguifhed  himfelf  as  a Member 
of  it  from  the  beginning,  and  prefented  feveral  dif- 
courfes  upon  curious  fubjefts;  fome  of  which  were  tranf- 
mittcd  to  the  Rotal  Society  at  London,  and  afterw'ards 
printed  in  the  Philofophical  Tranfactions.  In  1689, 
amontr  trreat  numbers  of  other  Protcflants,  he  withdrew 
from  the  difturbances  in  Ireland,  occafioned  by  the  feve- 
rities  of  Tyrconnel’s  government  ; and  after  a (liort 
ftay  at  London,  he  fixed  himfelf  with  his  family  at 
Chefter.  In  this  retirement,  he  employed  himfelf  in 
putting  together  the  materials  he  had  fome  time  before 
prepared  for  his  Dioptrics^  in  which  he  was  much  aflifted 
by  Mr.Flamlleed;  andin  Auguil  1690,  he  went  to  Lon- 
don to  put  it  to  the  prefs,  where  the  fheets  were  revifed 
by  Dr.  Halley,  who,  at  our  author’s  requeft,  gave  leave 
for  printing,  in  the  appendix,  his  celebrated  Theorem 
for  finding  the  Foci  of  Optic  Glaffes.  Accordingly  the 
book  cameout,  1692,  in  qto,  under  thetitleof 
Non)a  : a Treatife  of  Dioptrics,  in  two  parts  ; wherein 
the  various  effefts  and  appearances  of  fpherical  glaffes, 
both  convex  and  concave,  fingle  and  combined,  in  te- 
lefcopes  and  microfeopes,  together  wdth  their  ulefulnefs 
in  many  concerns  of  human  life,  are  explained.’'  He 
gave  it  the  title  of  D'loptrica  Nova,  both  becaufe  it  w^as 
almoft  wdiolly  new,  very'  little  being  borrowed  from 
other  w'riters,  and  becaufc  it  was  the  firfl  book  that  ap- 
peared in  Englifh  upon  the  fubjedt.  The  ivork  contains 
feveral  of  the  moft  generally  ufeful  propofitions  for  prac- 
tice, demonftrated  in  a clear  and  eafy  manner,  for  which 
reafon  it  was  for  many  y^ears  ufed  by  the  artificers  ; 
and  the  fecond  part  is  very  entertaining’,  efpecially  in 
the  hiflory^  which  he  gives  of  the  feveral  optical  inflru- 
ments,  and  of  the  difcoverles  made  by  them. 

Before  he  left  Chefier  he  loft  his  lady,  who  died  foon 
after  fhe  had  brought  him  a fon.  Illnefs  had  deprived 
her  of  her  eye -fight  12  years  before,  that  is,  foon  after 
her  marriage  ; from  which  time  flie  had  been  veiy  fick- 
ly,  andaftlidled  with  great  pains  ia  lier  head. 

As  foon  as  the  public  tranquillity  was  fettled  in  his 
native  country,  he  returned  home  ; and,  upon  the  con- 
vening of  a new  parliament  in  169.2,  was  chofen  one  of 
the  reprefentatives  for  the  city  of  Dublin.  In  the  next 
parliament,  in  1695,  he  was  chofen  to  reprefent  the 
univerfity  there,  and  continued  to  do  fo  to  the  end  of 
his  life  ; that  learned  body  having  lately  conferred  on 
him  the  degree  of  doftor  of  laws.  He  was  likewife- 
nominated  by  the  lord-lieutenant  one  of  the  commif- 
fioners  for  the  forfeited  eftates,  to  which  employment 
was  annexed  a falary  of  500I.  a year  ; but  looking  upon 
it  as  an  invidious  office,  he  declined  it.. 

In  1698,  he  publilhed  The  Cafe  of  Ireland  ftated,. 
in  regard  to  its  being  bound  by  A6fs  of  Parliament 
made  in  England  in  which  it  is  fuppofed  he  has 
delivered  all,  or  moft,  that  can  be  faid  upon  this  fub- 
je6f,  with  great  clearncfs  and  ftrength  of  reafoning. 

Among  many  leatued  perlons  with  vrhom  he  main- 
tained corre^'pondence  and  nieudfiiip,  Mr.  Locke  was 
in  a particular  manner  dear  to  him,  as  appears  f-om 
their  letters.  In  the  above  mentioned  year,  which  was 
the  laft  of  our  author’s  life,  he  made  a journey  to  Eng- 
land, on  purpofe  to  pay  a vifit  to  that  great  man ; 
and  not  long  after  his  return  to  Ireland,  he  was  fclzed 
with  a fit  of  the  ftone,  which  terminated  his  exlft- 
eiice. 
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Befides  the  three  xvorks  already  mentioned,  viz,  the 
Sciothericum  Pehfcop'ium,  the  Dioptrica  Nova,  and  the 
Cafe  of  Ireland  ftated ; he  publilhed  a great  number  of 
pieces  in  the  Philofophical  TranfaClions,  xvhich  arc 
contained  in  the  volumes  14,  15,  16,  18,  19,  20,  21, 
22,  23,  26,  29,  feveral  papers  commonly  ia  each  vo- 
lume. 

Molyneux  (Samuel),  fon  of  the  former,  was  born 
at  Chefter  in  July  1689  ; and  educated  with  great  care 
by  his  father,  according  to  the  plan  laid  down  by 
Locke  on  that  fubjedt.  When  his  father  died,  he  fell 
under  the  management  of  his  uncle,  Dr.  Thomas  Moly- 
neux, an  excellent  fcholar  and  phyfician  at  Dublin,  and 
alfo  an  intimate  friend  of  Mr.  Locke,  who  executed  his 
trnft  fo  well,  that  Mr.  Molyneux  became  afterwards  a 
moft  polite  and  accomplilhed  gentleman,  and  was  made 
fecretary  to  George  the  3d  when  prince  of  Wales.  Af~ 
tronomy  and  Optics  being  his  favourite  ftudies,  as  they 
had  been  his  father’s,  he  proje6led  many  fchemes  for 
the  advancement  of  them,  and  was  particularly  em- 
ployed in  the  years  1723,  1724,  and  1725,  in  perfedt, 
ing  the  method  of  making  telefcopes ; one  of  which 
inftruments,  of  his  own  making,  he  had  prefented  to 
John  the  3 th,  king  of  Portugal. 

Being  foon  after  appointed  a commillioner  of  the 
admiralty,  he  became  fo  engaged  in  public  affairs,  that 
be  had  not  leifure  to  purfue  thofe  enquiries  any  farther, 
as  he  intended.  He  therefore  gave  his  papers  to  Dr. 
Robert  Smith,  profeflbr  of  aftronomy  at  Cambridge, 
whom  he  invited  to  make  ufe  of  his  houfe  and  appara- 
tus of  inftruments,  in  order  to  finifti  what  he  had  left 
imperfect.  But  Mr.  Molyneux  dying  foon  after,  Dr. 
Smith  loft  the  opportunity  ; he  however  fupplied  what 
was  wanting  from  M.  Huygens  and  others,  and  pub- 
lillied  the  whole  in  his  “ Complete  Treatife  of  Op- 
tics.” 

MOMENT,  in  Time,  is  fometimes  taken  for  an 
extremely  fmall  part  of  duration  ; but,  nwre  properly, 
it  is  only  an  inftaut  or  termination  or  limit  in  time, 
like  a point  in  geometry.  Maclaui'ln’s  Fluxions,  vol.  i, 
pa.  245. 

Moments,  in  the  new  Doctrine  of  Infinites,  denote 
the  indefinitely  fmall  parts  of  quantity  ; or  they  are  the 
fame  v/ith  what  are  otherwlfe  called  infinltefimals,  and 
differences,  or  increments  and  decrements  ; being  the 
momentary  increments  or  decrements  of  quantity  confi- 
dered  as  in  a continual  flux. 

Moments  are  the  generative  principles  of  magnitude: 
they  have  no  determined  magnitude  of  their  own  ; but 
are  only  inceptive  of  magnitude. 

Hence,  as  it  is  the  fame  thing,  if,  inftead  of  thefe 
Moments,  the  velocities  of  their  increafes  and  decreafes 
be  made  ufe  of,  or  the  finite  quantities  that  are  propor- 
tional to  fueh  velocities  ; the  method  of  proceeding 
which  confiders  the  motions,  changes,  or  fluxions  o£ 
quantities,  is  denominated,  by  Sir  Ifaac  Newton,  the 
Method  of  Fluxions. 

Leibnitz,  and  moft  foreigners,,  confidering  thefe  infi- 
nitely fmall  parts,  or  infinltefimals,  as  the  differences  of 
two  quantities  ; and  thence  endeavouring  to  find  the 
differences  of  quantities,  i.  e.  fome  Moments,  or  quan- 
tities indefinitely  fmall,  which  taken  an  infinite  number 
of  times  fhall  equal  given  quantities  j call  thefe  Mo- 
ments-. 
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merits,  Differences;  and  the  method  of  procedure,  the 
Differential  Calculus. 

jMoment,  or  Momentum^  in  Mechanics,  is  tlie  fame 
thing  with  Impetus,  or  the  quantity  of  motion  in  a 
moving  body. 

In  comparing  the  motions  of  bodies,  the  ratio  of  tlreir 
INTomenta  is  always  compounded  of  the  quantity  of 
matter  and  the  celerity  of  the  moving  body  : fo  that 
the  momentum  of  any  fuch  body,  may  be  confideved  as 
tlie  reftangle  orprodudl  of  the  quantity  of  matter  and 
the  velocity  of  the  motion.  As,  if  b denote  any  body, 
or  the  quantity  or  mafs  of  matter,  and  -n  the  velocity 
of  its  motion  ; then  hv  will  exprefs,  or  be  proportional 
to,  its  Momentum  m.  Alio  if  B be  another  bodv,  and 
V its  velocity;  then  its  Momentum  M,  is  as  BV*.  bo 
that,  in  general,  M : : BV  : i,  e.  the  Momen- 

ta are  as  the  produtffcs  of  the  mafs  and  velocity.  Hence, 
if  the  Momenta  M and  m be  equal,  then  {fall  the  two 
produdVs  BV  and  hx  be  equal  alfo  ; and  coniequently 
B : : 'll  : V,  or  the  bodies  will  be  to  each  other  in 

the  inverfe  or  reciprocal  ratio  of  their  velocities ; that  is, 
citb.er  body  islo  much  the  greater  as  its  velocity  islefs. 
And  this  force  of  Momentum  is  of  a difierent  kind 
from,  and  incomparably  greater  than,  any  mere  dead, 
weight,  or  preffure,  whatever. 

The  Momentum  alfo  of  any  moving  body,  may  be 
coufidered  as  the  aggregate  or  fum  of  all  the  Momenta 
of  the  parte  of  that  body  ; and  therefore  when  the  mag- 
nitudes and  number  of  particles  are  the  fame,  and  alfo 
moved  with  the  fame  celerity,  then  will  the  Momenta 
of  the  wholes  be  the  fame  alfo. 

MONADES.  Digits. 

MONOCEROS,  the  Unicorn^  one  of  the  new  con- 
{leilations  of  the  northern  hemifphere,  or  one  of  thofe 
which  Hevelius  has  added  to  the  old  allerifms,  and 
formed  out  of  the  ftcllas  informes,  or  thofe  which  were 
pot  comprized  within  the  outlines  of  any  of  the  others. 
In  Heveliub’s  catalogue,  the  Unicorn  contains  19  Ears, 
but  in  the  Britannic  catalogue  3 i. 

' MONOCKORD,  a muficai  inftrument  with  only 
6ne{lring,  ufedby  the  Ancients  to  try  the  variety  and 
proportion  of  founds.  It  was  formed  of  a rule,  divided 
and  fubdivided  into  feveral  parts,  on  which  there  is  a 
moveable  ftring  Ifretched  over  two  bridges  at  the  ex- 
tremes of  it.  In  the  interval  between  thefe  is  a fiiding 
or  moveable  bridge,  by  means  of  which,  in  applying  it 
to  the  different  dlvifions  of  the  line,  the  founds  are 
found  to  bear  the  fame  proportion  to  each  other,  as  the 
divllion  of  the  line  cut  by  the  bridge.  This  inftrument 
16  alfo  called  the  ha7-nionical  canon^  or  the  canoukul  rule^ 
becaufe  it  ferves  to  meafure  the  degrees  of  gravity  or 
acutenefs.  Ptoloray  examines  his  harmonical  intervals  by 
the  Mouochord.  When  the  chord  was  divided  info  two 
equal  paits,  fo  that  the  parts  were  as  1 to  r,  they  called 
vnifonsi  but  if  they  were  as  2 to  i,  they  called 
them  oBaxis  ox  diapafons  \ when  they  were  as  3 to  2, 
they  called  them  diapcnie.u  or  fifths  ; if  they  were  as 
4,  to  3,  they  called  them  d'mtcfarons^  or  fourths  ; if  tlie 
^arts  were  as  5 to  4,  they  called  them  diton ^ or  major- 
third  ; but  if  they  w'ere  as  6 to  5 , they  were  called  a 
dml-ditoriy  or  minor-third ; and  iaftly,  if  tlie  parts  were 
as  2 4 to  2 ^ , a demitofie^  or  durze. 

The  Monochord,  being  thus  divided,  was  properly 
what  they  called  a fyllem,  of  whicli  tliere  were  many 


kinds,  according  to  the  different  divifions  of  tlie  M<t- 
nochord. 

Monochord  is  alfo  ufed  for  any  mufical  inldrument 
confifLing  of  only  one  chord  or  firing.  Such  is  the 
Trump-marine. 

MONOMIAL,  in  Algebra,  isafimple  or  fingle  no- 
mlal,  confiding  of  only  one  term ; as  a or  ax^  or  aP-hx'^,  &c. 

MONOTRIGLYPH,  a term  in  Arcliiteaure,  de- 
noting the  fpace  of  one  triglyph  between  two  pilaftcrs, 
or  two  columns. 

MONSOON,  a regular  or  periodical  wind,  that 
blows  one  way  for  6 months  together,  and  the  con- 
trary way  the  otlier  6 months  of  the  year.  Tilde 
prevail  in  feveral  parts  of  the  eaftern  and  fouthern 
oceans. 

MONTH,  the  T2th  part  of  the  year,  and  is  fa 
called  from  the  Moon,  by  whofe  motions  it  was  rC* 
gulated  ; being  properly  the  time  in  which  the  moon 
runs  through  the  zodiac.  The  lunar  Month  is  either 
illuminative^  periodkaf  or  fynodical. 

llhiminai'ive  Month,  is  the  interval  between  the 
firft  appearance  of  one  new  moon  and  that  of  the  next 
following.  As  the  moon  appears  iometlmes  fooner 
after  one  change  tlian  after  another,  the  quantity  of  the 
Illuminative  Month  is  not  always  the  fame.  The 
Turks  and  Arabs  reckon  by  this  Month. 

Lunar  Periodical  Month,  is  the  time  in  ivhich  the 
moon  runs  through  the  zodiac,  or  returns  to  the  fame 
point  again  ; the  quantity  of  which  is  zydays  ylus 
4.3m.  8 fee. 

Lunar  Synodical  Month,  called  alfo  a Lunation,  is 
the  time  between  two  conjundioiis  of  the  moon 
with  the  fun,  or  between  two  new  moons  ; the  quan- 
tity of  which  is  29  days,  la  hours,  44m.  3 Re,  ii 
thirds. 

The  ancient  Romans  ufed  Lunar  Months,  and  made 
them  alternately  of  29  and  30  days ; They  marked 
the  days  of  each  Month  by  three  terms,  viz,  Calends, 
Nones,  and  Ides. 

Solar  Month,  is  the  time  in  which  the  fun  runs 
through  one  entire  fign  of  the  ecliptic,  the  mean  quan- 
tity of  which  is  30  days  10  hours  29  min.  5 fee.  being 
the  1 2 th  part  of  365  ds.  5 hrs.  49  min.  the  mean  folar 
year. 

fftronomical  or  Natural  Mqnth,  is  that  meafured 
by  fome  exad  interval  correfponding  to  the  motion 
of  the  fun  or  moon.  Such  are  the  lunar  and  folar 
months  above-mentioned. 

Ckoil  or  Common  Month,  is  an  interval  of  a certain 
number  of  whole  days,  approaching  nearly  to  the 
quantity  of  fome  aftronomical  month.  Thefe  may  be 
either  lunar  or  folar.  Tlie 

Civil  lamar  Month,  confifts  alternately  of  29  and 

30  days.  Thus  will  two  Civil  Months  be  equal  to 
allronomical  ones,  abating  for  the  odd  minutes  ; and 
fo  the  new  moon  will  be  kept  to  the  firil  day  of  fuch 
Civil  Months  for  a long  time  together.  This  was  the 
Month-  in  Civil  or  common  ufe  among  the  Jews, 
Greeks,  and  Romans,  till  the  time  of  Julius  Ca^far.  The 

Civil  Solar  Mon confifted  alternately  of  30  and 

31  days,  excepting  one  Month  of  the  twelve, 'which 
confifted  only  of  29  days,  but  every  4th  year  of  30 
days.  ^ And  this  form  of  Civil  Months  was  introduced 
by  Julius  Cxfar.  Under  Auguftus,  the  6th  Month, 
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till  tlicn  from  its  place  called  Sextilis,  received  the 
name  Aiigullus,  now  Augiid,  in  honour  of  that 
prince  ; and,  to  make  the  compliment  ilill  the  greater, 
a dap  was^  added  to  it ; Avhich  made'  it  confift  of  7,  i 
days,  though  till  then  it  had  only  contained  days  ; 
to  compenlate  for  which,  a day  was  taken  from  Fe- 
bruary, making  it  confift  of  28  days,  and  29  every  4th 
year.  And  fnch  are  the  Civil  or  Calendar  Months  now 
Tiled  through  Europe. 

MOON,  Liwa,  :(  , one  of  the  heavenly  bodies,  being 
a fatellite,  or  fecondary  planet  to  the  earth,  conficlercd 
as  a primary  planet,  about  which  Ihe  revolves  in  an 
elliptic  orbit,  or  rather  the  earth  and  Moon  revolve 
about  a common  centre  of  gravity,  which  is  as  much 
nearer  to  the  earth’s  centre  than  to  the  Moon’s,  as  the 
mafs  of  the  former  exceeds  that  of  the  latter. 

The  mean  time  of  a revolution  of  the  Moon  about 
the  earth,  from  one  new  moon  to  another,  when  Ihe 
overtakes  the  fun  again,  is  29  d.  izh.  44  m.  3s.  1 1 th.  ; 
but  fhe  moves  once  round  her  own  orbit  in  27 d.  yh. 
43m.  8s.  moving  about  2290  miles  eveiy  hour;  and 
turns  once  round  her  .axis  exa<ftly  in  the  time  that  (he 
goes  round  the  earth,  which  is  the  reafon  that  fhe 
Hiews  always  the  fame  fide  towards  us  ; and  that  lier 
day  and  night  taken  together  are  juft  as  long  as  our 
lunar  month. 

The  mean  diftance  of  the  Moon  from  the  earth  is. 
6o-|  radii,  or  304  diameters,  of  the  earth  ; wlu'ch  is 
about  240,000  miles.  The  mean  excentricitv  of  her 
orbit  is  nearly  of  her  mean  diftance, 

amounting  to  about  f 3,00c  miles. 

The  Moon’s  diameter  is  to  that  of  the  cart};, 
as  20  to  73,  or  nearly  as  3 to  ii,  or  i to  3^  ; and 
therefore  it  is  equal  to  2180  miles:  her  mean  appa- 
rent diameter  is  3C  16"  I ^ that  of  the  fun  being 
32'’  The  furface  of  tlie  Moon  is  to  tlie  furface 

crf  the  earth,  as  1 to  13C  or  as  3 to  40  ; fo  that  the 
earth  relleffs  13  times  as  much  light  upon  tlie  Moon, 
as  die  does  upon  the  earth  ; and  the  folid  content  to 
that  of  the  earth,  as  3 to  146,  or  as  i to  48 1.  The 
denfity  of  the  Moon’s  body  is  to  that  of  the  earth, 
as  5 to  4 ; and  therefore  her  quantity  of  matter  to  that 
of  the  earth,  as  i to  39  very  nearly  : the  force  of  gra- 
vity on  her  furface,  is  to  that  on  the  earth,  as  100  to 
293.  The  Moon  has  little  or  no  difference  of  fcafons  ; 
becaufe  her  axis  is  almoft  perpendicular  to  the  ecliptic. 

Phtnomena  and  Phafes  of  i/je  Moon.  The  Moon 
being  a dark,  opaque,  fpherical  body,  only  ftiining  witli 
the  light  die  receives  from  the  fun,  hence  only  that 
half  turned  towards  him,  at  any  inftant,  cam  be  illu- 
minated, the  oppofitc  half  remaining  in  its  nacive  dark- 
nefs : then  as  the  face  of  the  Moon  vifible  on  our 
earth,  is  that  part  of  her  body  turned  towards  us  ; 
whence,  according  to  the  various  pofitions  of  the 
Moon,  wuth  refpedt  to  the  earth  and  fun,  ive  perceive 
different  degrees  of  illumination  ; fometirnes  a la’-ge 
and  fometirnes  a lefs  portion  of  the  enlightened  furface 
being  vifible  : And  hence  the  Moon  appears  fometirnes 
increafmg,  then  waning  ; femetimes  horned,  then  half 
round  ; fometim.es  gibbous,  then  full  and  round..  This 
may  be  eafily  illuftrated  by  means  of  an  ivory  ball, 
which  being  before  a candle  in  various  pofitions,  will 
prefent  a greater  or  leis  portion  of  its  illuminated  he- 
mifphere  to  the  view  of  the  obferver,  according  to  its 
fftuation  in  moving  it  round  the  candle. 


The  fame  phafes  may  be  o^herwife  exhibited  thus 
Let  S reprefent  the  fun,  T the  earth,  and  ABCjj 
the  Moon’s  orbit.  (Plate  xv,  fig.  3.)  Now,  when  the 
Moon  is  at  A,  in  conjiinTion  with  the  fun  .S,  her 
dark  iide  being  entirely  turned  towards  the  earth,  die 
will  be  invifibie,  as  at  a,  and  is  then  called  the  new 
Moon.  When  die  comes  to  her  drft  octant  at  B,  or 
has  run  through  the  8rh  part  of  her  orbit,  a quarter 
of  her  enlightened  hcmifphere  v.'ill  be  turned  towards 
the  eartli,  and  fhe  will  then  appear  horned,  as  at  /y 
When  die  has  run  tlirough  the  quarter  of  her  orbit, 
and  arrived  at  C,  fhe  diews  us  the  half  of  her  en- 
lightened hemifphcre,  as  at  r,  when  it  is  laid  die  is  one 
half  full.  At  D die  is  in  her  2d  odlant,  and  by 
diewiiig  us  more  of  her  enlightened  hemiiphere  than 
at  C,  die  appears  gibbous,  as  at  d.  At  her  eppodtion 
at  E her  whole  enlightened  iide  is  turned  toivards  the 


earth,  when  fhe  appears  round,  as  at  e,  and  die  is  faid 
to  be  full  ; having  increafed  all  the  v/ay  round  from  A 
to  E.  On  tlie  other  fide  die  decreafes  again  all  the  way 
from  E to  A ; thus,  in  her  3d  odant  at  F,  part  of  her 
dark  iide  being  turned  towards  the  earth,  fhe  ao-aiii  ap- 
pears gibbous,  as  at  /.  At  G Ihe  appears  ftilf  farther 
decreafed,  die  wing  again  juft  one  half  of  her  iliumina- 
ted  fide,  as  at  g.  But  when  die  comes  to  her  4th 
odant  at  Id,  die  presents  only  a quarter  of  her  en- 
lightened heiiiifphere,  and  fhe  again  appears  horned,  a& 
at  /).  And  at  A,  having  now  completed  her  courfe, 
die  again  dilappears,  or  becomes  a new  moon  again,  as 
at  firft.  And  the  eardi  prefents  all  the  very  fame 
phafes  to  a fpedator  in  the  Moon,  as  die  does  to  us, 
but  only  iii  a contrary  order,  the  one  being  full  when 
the  other  changes,  &c. 

The  Motions  of  ihe  Moon  are  mod;  of  them  very  ir- 
regular, and  very  confiderably  fo.  The  only  equable  • 
motion  ihe  has,  is  her  revolution  on  her  own  axis,  in 
the  fpace  of  a month,  or  time  in  which  die  moves 
round  the  earth  ; which  is  the  reafon  that  die  always 
turns  the  lame  face  towards  us. 


This  expofurc  of  the  fame  face  is  not  fo  uniformly 
fo  however,  but  that  die  turns  fomet'ines  a little 
more  of  the  one  fide,  and  fometirnes  of  the  other,  called 
the  Moon’s  Libration  ; and  alfo  fhews  fometirnes  a 
little  more  towaids  one  pole,  and  fometirnes  towards 
the  other,  by  a motion  like  a kind  of  Wavering,  or 
Vacillation.  The  former  of  thefe  motions  happens 
from  this  : the  Moon’s  rotation  on  her  axis  is  equable 
or  uniform  ; while  her  motion  in  her  orbit  is  unequal, 
being  quickeft  when  the  Moon  is  in  her  perigee,  and 
doweft  when  in  the  apogee,  like  all  other  planetary  mo- 
tions ; vvFich  caufes  that  fometirnes  more  of  one  iide  is 
turned  to  the  earth,  and  fometirnes  of  the  other.  And 
the  other  irregularity  arifes  from  this  : that  the  axis  of 
the  Moon  is  not  perpendicular,  but  a little  inclined  to 
the  plane  of  her  orbit  : and  as  this  axis  maintains  its 
parallelifm,  in  the  Moon’s  motion  round  the  earth  ; 
it  muft  iiec^^ffarily  clisnge  its  fituation,  in  refpeeft  of  an 
obferver  on  the  earth  ; whence  it  happens  that  fome- 
times  the  one,  and  fometirnes  the  other  pole  of  the 
Moon  becomes  vifible. 

The  very  orbit  of  the  Moon  is  changeable,  and  docs 
not  always  perfevere  in  the  fame  figure  ; for  though  her 
orbit  be  elliptical,  or  nearly  fo,  having  the  earth  in  one 
focus,  the  excentricity  of  the  ellipfe  is  varied,  being  - 
fometirnes  increafed,  and  fometirnes  diminidied ; viz, 

being 


I 


V 


MOO 


[ 120  ] 


MOO 


bciiig^  grcatefl  when  tlie  line  of  the  apfes  coincide*? 
^■ith  that  of  the  fyzygies,  and  leaft  when  thcfe  lines 
are  at  right  angles  to  each  other. 

Nor  is  the  apogee  of  the  Moon  without  an  irregu-^ 
larity  ^ being  found  to  move  forward,  when  it  coincides 
with  the  line  of  the  fyzygies ; and  backward^  when  it 
cuts  that  line  at  right  angles.  Neither  is  this  progrefs 
or  regrefs  uniform  ; for  in  the  conjun6lion  or  oppoft- 
tion,  it  goes  brifldy  forward  ; and  in  the  quadratures, 
it  either  moves  dowly  forward,  flands  ftill,  or  goes 
backward. 

The  motion  of  the  nodes  is  alfo  variable;  being 
quicker  and  flower  in  difterent  pofitions. 

The  Phyjical  Caufe  of  the  Moon’s  Motion,  about  the 
earth,  is  the  fame  as  that  of  all  the  primary  planets 
about  the  fun,  and  of  the  fatellites  about  their  prima- 
ries, viz,  the  mutual  attraaion  between  the  earth  and 

Moon.  ^ ^ 

As  for  the  particular  irregularities  m the  Moon  s 
motion,  to  which  ■ the  earth  and  other  planets  are  not 
fubjea,  they  arife  from  the  fun  which  aas  on,  and 
dillurbs  her  in  her  ordinary  coiirfe  through  her  orbit  ; 
and  are  all  mechanically  deducible  from  the  fame  great 
law  by  which  her  general  motion  is  direaed,  viz,  the 
law  of  gravitation  and  attraction.  hhe  other  fe- 
condary  planets,  as  thofe  of  Jupiter,  Saturn,  &c,  are 
alfo  fubjeCt  to  the  like  irregularities  with  the  Moon  ; 
as  they  are  expofed  to  the  fame  perturbating  or  difturb- 
ing  force  of  the  fun  ; but  their  diftance  fecures  them 
from  being  fo  greatly  affeCted  as  the  Moon  is,  and  alfo 
from  being  lo  well  obferved  by  us. 

For  a familar  idea  of  this  matter,  it  muft  iirfl  be 
confidered,  that  if  the  fun  aded  equally  on  the  earth 
and  Moon,  and  always  in  parallel  lines,  this  adion 
would  ferve  only  to  reftrain  them  in  their  annual  mo- 
tions round  the  fun,  and  no  way  affeCt  their  aCtions 
on  each  other,  or  their  motions  about  their  common 
centre  of  gravity.  But  becaufe  the  Moon  is  nearer  the 
fun,  in  one  half  of  her  orbit,  than  the  earth  is,  but 
farther  off  in  the  other  half  of  her  orbit ; and  becaufe 
the  power  of  gravity  is  always  lefs  at  a gieatei  dif- 
tance ; it  follows,  that  in  one  half  of  her  orbit  the 
Moon’ is  more  attraded  than  the  earth  tov/ards  the 
fun,  and  lefs  attraded  than  the  earth  in  the  other 
half : and  hence  irregularities  neceffarily  arife  in  the 
motions  of  the  Moon  ; the  excefs  of  attradion  in  the 
firff  cafe,  and  the  defed  in  the  fecond,  becoming  a 
force  that  difturbs  her  motion and  befides,  the  adion 
of  the  fun,  on  the  earth  and  Moon,  is  not  direded  in 
parallel  lines,  but  in  lines  that  meet  in  the  centre  of 
the  fun;  which  makes  the  effed  of  the  diffurbing 
force  ftill  the  more  complex  and  embarraffmg.  And 
hence,  as  vrell  as  from  the  various  fituations  of  the 
Moon,  arife  the  numerous  irregularities  in  her  mo- 
tions, and  the  equations,  or  corredions,  employed  in 

calculating  her  places,  &c. 

Newton,  as  well  as  others,  has  computed  the  quan- 
tities of  thcfe  irregularities,  from  their  caufes.  •>  He 
finds  that  the  force  added  to  the  gravity  of  the  Moon 
jn  her  quadratures,  is  to  the  gravity  with  which  {he 
would  revolve  in  a circle  about  the  earth,  at  her  pre- 
ient  mean  diftance,  if  the  fun  had  no  effed  on  her, 
ns  I to  1781^:  he  finds  that  the  force  fiibduded 
focm  her  gravity  in  the  conjundious  and  oppofitions,  is 


double  of  this  quantity  ; and  that  the  area  deferibed 
in  a given  time  in  the  quarters,  is  to  the  area  deferibed 
in  the  fame  time  in  the  conjundions  and  oppofitions,  as 
10973  to  11073  • finds  that,  in  fuch  an  orbit, 

her  diftance  from  the  earth  in  her  quarters,  would  be 
to  her  diftance  in  the  conjundions  and  oppofitions,  as 
70  to  69.  Upon  thefe  irregularities,  fee  Maclaurin’s 
Account  of  Newton’s  Difeoveries,  book  4,  chap.  4 ; 
as  alfo  moft  bodks  of  aftronomy.  Other  particulars 
relating  to  the  Moon’s  motions,  &c,  have  been  ftated  as 
follow  : The  power  of  the  Moon’s  influence,  as  to  the 
tides,  is  to  that  of  the  fun,  as  6|  to  i,  according  to  Sir 
J.  Newton  ; but  different  according  to  others. 

As  to  the  figure  of  the  Moon,  fuppofing  her  at  firft 
to  have  been  a fluid,  like  the  fea,  Newton  calculates, 
that  the  earth’s  attradion  would  raife  the  water  there 
near  90  feet  high,  as  the  attradlion  of  the  Moon  raifes 
our  fea  12  feet  : whence  the  figure  of  the  Moon  muft 
be  a fpheroid,  whofe  greateft  diameter  extended,  will 
pafs  through  the  centre  of  the  earth  ; and  will  be  longer 
than  the  other  diameter,  perpendicular  to  it,  by  180 
feet ; and  hence  it  comes  to  pafs,  that  we  always  lee 
the  fame  face  of  the  Moon  ; for  fhe  cannot  reft  in  any 
other  pofition,  but  always  endeavours  to  conform  her- 
felf  to  this  lituation  : Princip.  lib.  3,  prop.  38. 

Newton  eftimates  the  mean  apparent  diameter  of  the 
Moon  at  32'  12''  ; as  the  fun  is  31'  27''. 

The  denfity  of  the  Moon  he  concludes  is  to  that 
of  the  earth,  as  9 to  5 nearly ; and  that  the  mafs,  or 
quantity  of  matter,  in  the  Moon,  is  to  that  of  the 
earth,  as  i to  26  nearly. 

The  plane  of  the  Moon’s  orbit  is  inclined  to  that  of 
the  ecliptic,  and  makes  with  it  an  angle  of  about  5 
degrees : but  this  inclination  varies,  being  greateft 
when  {he  is  in  the  quarters,  and  leaft  when  in  her 
fyzygies. 

As  to  the  inequality  of  the  Moon’s  motion,  (he 
moves  fwifter,  and  by  the  radius  drawn  from  her  to  the 
earth  deferibes  a greater  area  in  proportion  to  the  time, 
alfo  has  an  orbit  lefs  curved,  and  by  that  means  comes 
nearer  to  the  earth,in  her  fyzygies  or  conjundions,  than 
in  the  quadratures,  unlefs  the  motion  of  her  eccentricity 
hinders  it : wFich  eccentricity  is  the  greateft  when  the 
Moon’s  apogee  falls  in  the  conjundion,  but  leaft  wheii' 
this  falls  in  the  quadratures : her  motion  is  alfo  fwifter 
in  the  earth’s  aphelion,  than  in  its  perihelion.  The 
apogee  alfo  goes  forward  fwifter  in  the  conjundion, 
and  goes  flower  at  the  quadratures:  but  her  nodes  are 
at  reft  in  the  conjundions,  and  recede' fwifteft  of  all 
in  the  quadratures. 

The  Moon  alfo  perpetually  changes  the  figure  of 
her  orbit,  or  the  fpecies  of  the  ellipfe  {he  moves  in. 

There  are  alfo  fome  other  inequalities  in  the  motion 
of  this  planet,  which  it  is  very  difficult  to  reduce  to  any 
certain  rule : as  the  velocities  or  horary  motions  of 
the  apogee  and  nodes,  and  their  equations,  with  the 
difference  between  the  greateft  eccentricity  in  the  con- 
jundions, and  the  leaft  in  the  quadratures  ; and  that 
inequality  which  is  called  the  Variation  of  the  Moon. 
All  thefe  do  increafe  and  decreafe  annually,  in  a tri- 
plicate ratio  of  the  apparent  diameter  of  the  fun  : and 
this  variation  is  increafed  and  diminiihed  in  a duplicate 
ratio  of  the  time  between  the  quadratures  ; as  is  proved 
by  Newton  in  many  parts  of  Ids  Principia. 

He 
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He  alfo  found  that  the  apogees  in  the  Moon’s 
frzygies,  go  forward  in  refpedl:  of  the  fixed  liars,  at 
the  rate  of  23"  each  day;  and  backwards  in  the  qua- 
dratures 16^1  per  day  : and  therefore  the  mean  annual 
motions  he  ellimates  at  40  degrees. 

The  gravity  of  the  Ivdoon  towards  the  earth,  is  in- 
ereafed  by  the  adlion  of  the  fun,  when  the  Moon  is  in 
the  quadratures,  and  diminifhed  in  the  fyzygies  : and, 
from  the  fyzygies  to  the  quadrature,  the  gravity  of  the 
Moon  towards  the  earth  is  continually  increafed,  and 
Ihe  is  continually  retarded  in  her  motion  : but  from 
the  quadrature  to  the  fyzygy,  the  Moon’s  motion  is 
perpetually  diminilhed,  and  idie  motion  in  her  orbit  is 
accelerated. 

The  Moon  is  lefs  dillant  from  the  earth  at  the 
fyzygies,  and  more  at  the  quadratures. 

As  radius  is  to  | of  the  fine  of  double  the  Moon’s 
dillance  from  the  fyzygy,  fo  is  the  addition  of  gra- 
vity in  the  quadratures,  to  the  force  which  accelerates 
or  retards  the  Moon  in  her  orbit. 

And  as  radius  is  to  the  fum  or  difference  of  d the 
radius  and  | the  cofine  of  double  the  dillance  of  the 
Moon  from  the  fyzygy,  fo  is  the  addition  of  gravity 
in  the  quadratures,  to  the  decreafe  or  increafe  of  the 
gravity  of  the  Moon  at  that  dillance. 

The  apfes  of  the  Moon  go  forward  when  llio  is  in  the 
fyzygies,  and  backward  in  the  quadratures.  But,  in 
a whole  revolution  of  the  Moon,  the  progrefs  exceeds 
the  regrefs. 

In  a whole  revolution,  the  apfes  go  forward  the  failell 
of  all  when  the  line  of  the  apfes  is  in  the  nodes  ; and 
in  the  fame  cafe  they  go  back  the  Howell  of  all  in  the 
fame  revolution. 

When  the  line  of  the  apfes  is  in  the  quadratures, 
the  apfes  are  carried  in  confequentia,  the  lead  of  all 
in  the  fyzygies  ; but  they  return  the  fwlfted  in  the 
quadratures  ; and  in  this  cafe  the  regrefs  exceeds  the 
progrefs,  in  one  entire  revolution  of  the  Moon. 

The  eccentricity  of  the  orbit  undergoes  various 
changes  every  revolution.  It  is  the  greated  of  all 
when  the  line  of  the  apfes  is  in  the  fyzygies,  and  the 
lead  when  that  line  is  in  the  quadratures. 

Confidering  one  entire  revolution  of  the  Moon, 
cseteris  paribus,  the  nodes  move  in  antecedentia  fwiftell 
of  all  when  flie  is  in  the  fyzygies  ; then  flower  and 
flower,  till  they  are  at  red,  w'hen  flie  is  in  the  qua- 
dratures. 

The  line  of  nodes  acquires  fucceflively  ’all  poffible 
fituations  in  refpedl  of  the  fun  ; and  every  year  it  goes 
twdee  through  the  fyzygies,  and  twdee  through  the 
quadratures. 

In  one  whole  revolution  of  the  Moon,  the  nodes  go 
back  very  fad  wdien  they  are  in  the  quadratures  ; then 
flower  till  they  come  to  red,  when  the  line  of  nodes 
is  in  the  fyzygies. 

The  inclination  of  the  plane  of  the  orbit  is  changed 
by  the  fame  force  wdth  which  the  nodes  are  moved  ; 
being  increafed  as  -the  Moon  recedes  from  the  node, 
and  diminifhed  as  fhe  approaches  it. 

The  inclination  of  the  orbit  is  the  lead  of  all  w^hen 
the  nodes  are  come  to  the  fyzygies.  For  in  the  mo- 
tion of  the  nodes  from  the  fyzygies  to  the  quadratures, 
and  in  one  entire  revolution  of  the  Moon,  the  force 
which  increafes  the  inclination  exceeds  that  wluch  di- 
Von.  IL 
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minifhes  it ; therefore  the  inclination  is  increafed  ; and 
it  is  the  greated  of  all  wTen  the  nodes  are  in  the  qua- 
dratures. , . . 

T.  he  Moon’s  motion  being  confidered  in  general  r 
her  gravity  towards  ‘the  earth  is  diminidied  comiiig 
near  the  fun,  and  the  periodical  time  is  the  greated  j 
as  alfo  the  didance  of  the  Moon,  creteris  paribus,  the 
greated  when  the  earth  is  in  the  perihelion. 

All  the  errors  in  the  Moon’s  motion  are  fomething 
greater  in  the  conjunction  than  in  the  oppofitioii. 

x\ll  the  didurbing  forces  are  inverfely  as  the  cube  of 
the  didance  of  the  fun  from  the  earth  ; which  when  it 
remains  the  fame,  they  are  as  the  didance  of  the  Moon 
from  the  earth.  Conliderinp*  all  the  didurbiiiiz  forces 
together,  the  diminution  of  gravity  prevails. 

The  figure  of  the  Moon’s  path,  about  the  earth,  is, 
as  has  been  faid,  nearly  an  ellipfe  ; but  her  path,  in  ^ 
moving,  together  wn'th  the  earth  about  the  fun,  is  made  ‘ 
up  of  a feries  or  repetition  of  epicycloids,  and  is  in 
every  point  concave  towards  the  earth.  See  Maclaurin’s 
Account  of  Newton’s  Difeov.  pa.  336,  4to.  Fergu- 
fon’s  Adron.  pa.  129,  &;c  ; and  Rowe’s  Flux.  pa.  225,. 
edit.  2. 

Afronomy  of  the  Moon. 

To  determine  the  Periodical  and  Synodical  Months  ; or  ^ 
the  period  of  the  Moon’s  revolution  about  the  earth, 
and  the  period  between  oue  oppodtion  or  conjundlioit 
and  another. 

In  the  middle  of  a lunar  eclipfc,  the  Moon  is  in  op- 
pofition  to  the  fun  : compute  therefore  the  time  be- 
tween twm  filch  cclipfes,  at  fome  confiderable  didance 
of  time  from  each  other ; and  divide  this  by  the  num- 
ber of  lunations  that  have  paffed  in  the  mean  time  ; fa 
fhall  the  quotient  be  the  quantity  of  the  fynodical 
month.  Compute  alfo  the  fun’s  mean  motion  during 
the  time  of  this  fynodical  month,  which  add  to  360®. 
Then,  as  the  fum  is  to  360°,  fo  is  the  fynodical  to  the 
periodical  month. 

For  example,  Copernicus  obferved  two  eclipfes  of 
the  Moon,  the  one  at  Rome  on  November  6,  1500,  at 
12  at  night,  and  the  other  at  Cracow  on  Augud  i, 
1523,  at  4 h.  25  min.  the  dlf.  of  meridians  being 
oh.  29  min.  : hence  the  quantity  of  the  fynodical  month 
is  thus  determined: 

2d  Obferv.  1523^  237*^  4^*  25* 
id  Obferv.  1500  310  o 29 

Difference  22  292  3 56 
Add  intercalary  days  5 

Exadl  interval  - - 22  297  3 56 

w’hich  divided  by  2S2,  the  number  of  lunations  in  that 
time,  gives  the  fynodical  month  29*^  12^  41''". 

From  tw^o  other  obfervations  of  cclipfes,  tlie  one  at 
Cracow,  the  other  at  Babylon,  the  fame  author  deter- 
mines more  accurately  the  quantity  of  the  fynodical 
month  to  be  29^*  12*’  43™  (See  ; and  from  btlier  ob- 
fervations, probably  more  accurate  dill,  the  fame  ii 
lixedat29'‘  12^  44"’.  , 

The  fun’s  mean  motion  in  that  time  29°  6'  24'' 
added  to  3 6o°,givcs  the  Moon’s  motion  389  6 24  18  ; 

Therefore  the  periodical  month  is  27'^  7'’  43’”  5®. 
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Ac<;ordmg  to  the  obfervatlons  of  Kepler, 
the  mean  fynodical  month  is  29^  12" 
and  the  mean  periodical  month  27  7 43  8 

Hence,  i,  the  quantity  of  the  periodical  month  be- 
3ng  givenj  by  the  rule  of  three  are  found  the  hdoon  s 
diurnal  or  horary  m.otion,  See  : and  tnur-  may  tables  oi 
the  miean  miCtion  of  the  Moon  be  conilnidledo  ^ 

2.  If  the  mean  diurnal  motion  of  the  fun  be  iuotraft- 
cd  from  that  of  the  Moon,  the  remainder  will  give  the 
dSIoon’s  diurnal  motkrn  from  the  iun  ; and  thus  may  a 
of  this  motion  be  conilructed. 


3.  Since  the  Moon  is  in  the  node  at  the  time  or  a 
total  echpfe,  if  the  fun’s  pla.ee  be  fourai  ror  that  time, 
and  6 figns  be  added  to  the  fame,  the  furn  will  give  the 
place  of  that  node. 

4.  Sy  comparing  the  ancient  cbfervations  with  tlie 
modern,  it  appears,  that  tiie  nodes  have  a motion,  and 
that  they  proceed  in  antccedentia,  or  backwards  from 
’T'aurus  to  Aries,  from  Aries  to  Pifces,  &c.  Thcie-' 
fore  if  the  diurnal  motion  of  the  nodes  be  aaded  lathe 
Moon’s  diurnal  motion,  the  fum  will  be  the  motion  of 
t'he  Moon  from  the  node  ; and  thence  by  the  rule  of 
three,  miay  be  found  in  what  time  the  Moon  goes  360° 
from  the  dragon’s  head,  or  afcendlng  node,  or  in  what 
time  ihe  goes  from,  and  jeturns  to  it  j that  is,  the 
quantity  of  the  Hracontic  Month. 

5.  If  the  motion  of  the  apogee  be  fubtrafted  from 
the  mman  mmtion  of  the  Moon,  the  remainder  will  be 
the  Meon’s  mean  motion  from  the  apogee  ; and  hence, 
by  the  rule  of  three,  the  quantity  of  the.  Anomialidic 
Month  is  determined. 

, ..j  , V . * ■ 'm.;.  ..i  ' . . 

Thus,  according  to  Kepler’s  obfervatlons, 

The  mean  fynodical  month  is  29"^  12  ^ 44'^^  3* 

The  periodical  m.onth  ••  27  7 43  - ^ 
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The  place  of  the  apogee  for  the  1 ^ ^ 5 

year  1700  Jan.  I old  ftyle,  w^as'f 

The  place  of  the  afeendin^  node  ,4 
Mean  diurnal  motion  of  the  Moon  . 

Diurnal  motion  of  the  apogee 
Diurnal  motion  of  the  nodes 
Theref.  diurnal  mot.  from  the  latter  . 

And  the  diurnal  motion  from  1 

j the  apogee  ^ " J ' V , 

Lailly,  the  eccentricity  is  4362,  of  fuch  parts  as  the 

femidiam^ter  of  the  eccentric  is  100,000. 

"'To  fnd  nearly  the  Moon’s  Jgs  or  Change. 

To  the  epad  add  the  number  and  day  of  the  month  ; 
their  fum,  abating  30  if  it  be  above,  is  the  Moon’s  age; 
and  her  age  taken  from  30,  thews  the  day  of  the 

-change,  - . t A 

The  numbers  of  the  months,  or  monthly  epacds,  are 

the  Moon’s  age  at  the  beginning  of  each  month,  when 

the  folar  and  lunar  years  begin  together  ; and  are  thus  ; 


3 

Ma. 
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Jun.  Jul.  Aug.  Sep. 


8 

061. 


TO  10 
Nov.  Dec, 


0 2 12 
jan.  Feb.  Mar.  Ap 

For  Ex.  To  find  the  Moon’s  age  the  14th  of  Od. 

^785. 

Here,  the  epad  is  26 
Number  of  the  month  8 

Day  of  the  month  14 
The  fuim  isL  4^ 


Subtrad  or  abate  30 

■ Leaves  Moon’s  age  18 

Taken  from  30 

D ays  till  the  change  1 2 
Anivvering  to  Od;  26 

To  find  nearly  the  Moon’s  Southing,  or  coming  to 
the  Meridian. 

Take  I or  of  her  age,  for  her  fouthing  nearly  ; 
after  noon,  if  it  be  lefs  than  12  hours  ; but  if  greater* 
the  excels  is  the  time  after  laft  midnight. 

For  Ex.  Od.  14,  1783  ; 

' The  Moon’s  age  is  18  days 
-4^  of  which  is  14*4  or  14'’  24”’ 

Subtrafl  - 12  00 

Rem.  Moon’s  fouthing  2 24  in  the  morning, 

Mr.  Ferguiou,  iu  liis  Seled  Exerciies,  pa.  135 
has  given  very  eafy  tables  and  rules  for  finding  the  new- 
and  full  Moons  near  eiroug'h  the  truth  for  auv"  common 
almanac.  But  .the  Nautical  Almanac,  which  is  now. 
always  pubilihed  for  feveral  years  before  hand,  in  a 
great  meafure  fuperfedes  the  riecefiity  of  tiiefe  and  other 
fuch  contrivancea.,  . i;  ■ ■ < ■ 

. Cf.the  Spots  and  Mountains  fAr  in  the  Moon. 

: The  face  of  the  Moon  is  greatly  diverfified  with  in- 
equalities, and  parts  of  different  colours,  lome  brighter 
and  fome  darker  than’the  other  parts  of  her  dife.  When 
yiewed  through  a' telefcope,  her  dace  is  evidently  diver- 
fified with  hills  and  valleys  ; and  the  fame  is  allb  fhewu! 
fiy  tfip  ,edg.9  or,  border,  pf  the  Moon^  appearing  jagged^, 
W'hen  fo  viewed,  efpecially  about  the  confines  of  the 
illuminated  part  when;  the  Moon  is  either  horned  or 
gibbous.  ’ . ' 

Th^  aftronomers  Florenti,  LangrCni,  Hevelins,  Gri- 
maldi, Riccloii,  Caififti,  and  De  la  Hire,  &c,  have* 
drawn  the  face  of  tfie  Moon  as  viewed  through  tele- 
fcopes  ; noting  all  the  more:  flu'ning  parts,  and,  for 
the  better  diftin^ion,;  marking  them  with  fome,  proper 
name ; fome  of  thefe  authors  calling  them  after  the 
names  of  philofophers,  aftronomers,  and  other  eminent 
men  ; while  others  denominate  them  from  the  kno.wn 
names  of  the  different  countries,  ifiand-s,  and  feas  on 
the  earth.  The  liames  adopted  by  Riccloii  how- 
ever are  moffly  followed,  as  the  names  of  Hipparchus,. 
Tycho,  Copernicus,  &c.  Fig.  4,  plate  xv,  is  a pretty 
exadb  reprefentation  of  the  fuff.  Moon  in  her  mean  li- 
bration,  with  the  numbers  to  the  principal  fpots  accord- 
ing to  Riccioli,  Caffini,  Mayer,  &c,  which  denote  the 
names  as  in  the  fallowing  Lift  of  them  : alfo  the  aileriik 
refers  to  one  of  the  volcanoes  obfervedby  Herfcbek 

12  Helicon 

13  Capuanus  !; 

14  Bulliald 

1 5 Eratoff henes 

16  Timiocharis 

17  Plato 

18  Archimedes  ? , 

19  Infula  Sinus  Medif 

20  Pitatus 

21  Tycho 

22  Eudoxus 

23  Ariffotlc 

24,  Mar- 


% Hcrfchel’s  Volcano 

1 Grimaldi 

2 Galileo 

3 Ariftarchus 

4 Kepler 

5 Gaffendi 

6 Schikard 

7 Harpalus 

8 Heraclides 

9 Lanfberg 

10  Reinhold 

11  Copernicuf 
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Mamiiiis 
M^ilelaiis 
Hfei'mes 
Ppffidoiiiiis 
Dionyi'uis 
Pliny 

f Catharina  Cyrillus, 

I Tb-eoplii'liis 
Fracailor 

f Pro.moFrLoriumacatum,E 

F 


36-  Cleomedes 

37  Snell  and  Furner 

38  Petaviiis 

39 

40 

A 
P 
C 
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I^angrenus 
Tar  untins 
Mare  Humorum 
Mare  Nubium 
Mare  Imbrium 
Mare  Neclaria 
Mare  Tranquilitatis 
Mare  Serenkatis 


^ Cenforinus 

Mefl^ala  G Mare  Foecnnditatis 

34  P)-omontoriuin  Somnii  H Mare  Crilium 

35  Proclus 

Tbat  the  fpots  in  the  Moon,  which  are  taken  for 
mountains  and'  valleys,  are  really  fuch,  is  evident  from 
their  lhadows.  For  in  all  fituations  or  the  Moon,  the 
elevated  parts  are  conflantly  found  to  call  a tnangular 
fliadcw  in  a diredrion  from  the  inn  ; and,  on  the  con- 
trarr,  iht:  cavities  are  always  dark  on  the  fide  next  the 
fun,  and  illuminated  on  the  oppofte  one  ; rvhich  is 
esadtiy  conformable  to  what  v/e  obferve  of  hills  and 
valleys  on  the  earth.  And  as  the  tops  of  thefe  moun- 
tains- are^-eoHrideraibly  elevated  above  the  other  parts  of 
the  flirfacc  ; they’’  are  often  illuminated  when  they  arc* 
»t  a confiderable  diilance  from  the  confines  of  the  en- 
iightencd  kemifphcre,  and  by^  this  means-  afford  a med 
tlrod  of  determining-  their  heights. 

Thus,. let  ED  be  the.  M.ooij’s 
diameter,-  ItCD  the  boundary 
of  light  and  darknefs  ; and  A 
the  top  of  a hill  in  the  dark 
part  beginning  to  be  ilfumina- 
ted  ; with  a telefcope  take  the 
proportion  of  AE  to  the  dia- 
meter ED  then  there  are 
given  the  two  fides  AE,  EC 
of  alright -angled  triangle  ACE, 
the  fquares  of  which  being  add- 
ed together  give  the  fquare  of  the  third  fide  A*C,  and 
the  root  extracled  is  that  fide  itfelf ; from  wliich  fiib- 
tracfing  the  radius  BC,  leaves  A.B  the  height  of  the 
mountain.  In  this  way,  Riccioli  obferved  the  top  of 
the  hill  called  St.  Catherine,  on  the  4th  day  after  th.e 
new  moon,  to  be  Illuminated  when  it  was  diflant  from 
the  confines  of  the  enlightened  hemifphere  about  one 
1 6th  part  of  the  Moon’s  diameter  ; and  thence  found 
its  height  muff  be  near  9 miles. 

It  is  probable  liowever  that  this  determination  is  too 
much.  Indeed,  Galileo  makes  AE  to  be  only  one  20th 
of  ED,  and  Kevelius  makes  it  only  one  2 6tb  of  ED  ; 
the  former  of  thefe  would  give  5^  miles,  and  the  latter 
only  3-].  miles,  for  AB,  the  height  of  the  mountain  : 
and  probably  it  fhould  be  Hill  lefs  than  either  of  tlicfe. 

Accordingly,  they  arc  greatly  reduced  by  the  ob- 
feny.tions  of  Herfcbel,  whofe  method  of  meafuring 
tliem  may'  be  feen  in  the  Philof.  Tranf.  an.  1780,  pa. 
707.  This  gentleman  meafiired  the  height  of  many, 
of  the  lunar  prominences,  and  draws  at  laft  the  follow- 
ing conclufions  : — “ From  thefe  obfervations  I believe 
it  is  evident,  tbat  the  height  of  the  lunar  mountains  in 
general  is  greatly  over-rated  ; and  that,  when  v/e  ha^x? 
oxcepted  a few,  the  generality  do  not  exceed  half  a 


mile  in  their  perpemiicular'  elevation.*’  And  this  15 
confirmed ' by  th?  meafiirement  of  feveral  mountains, 
as  may  be  feeri  in  the  place  above  quoted. 


As  the  Moon  has  on  her  fiirface  mountains  and 
valleys  in  common  with  the  earth,  fome  modern  afiro- 
nomers  have  difeovered  a ftill  greater  fimilarity,  vi/, 
that  fome  of  thele  are  really  volcanoes,  emitting  fire 
as  tliofe  on  the  earth  do.  An  appearance  of  this  kind 
was  difco\*ered  fome  few  years  ago  by  Don  Ulloa  in 
an  eclipfe^V^  the  fun.  I.t  was  a fmall  bright  fpot  like 
a fiar  near  th6  margin  of  the  Moon,  and  which  he  at 
that  time  fuppofed  to  be  <a  hole,  or  valley  with  the 
fun’s  light  firining  through  it.  Succeeding  obferva- 
tions, however,  have  induced  allronomers  to  attribute 
apjmarances  of  this  kind  to  the  eruption  of  volcanic 
fire  ; and  Mr.  Kcrfchtl  has  particularly  oblerved  feve- 
ral eruptions  of  the  lunar  volcanos,  the  kill  of  which 
he  gives  an  account  of  in  the  Philof.  Tranf.  for  17S7. 
Apnl  19,  loh.  36m.  fidereal  time,  I perceived,  fays 
he,  three  volcanos  in  different  places  of  the  dark  part 
of  the  new  Moon.  Two  of  them  are  either  already 
nearly  extinff,  or  otherwife  in  a ftate  of  going  to  break 
out  ; which  perhaps  may  be  decided  next  lunation. 
The  third  fhews  an  adfual  eruption  of  fire  or  lumi- 
nous matter  : its  light  is  much  brighter  than  the  nu- 
cleus of  the  comet  which  M.  Mcchain  . difeovered  at  Paris 
the  lOtli  of  this  month.”  The  following  night  he  found 
it  burnt  with  greater  violence  ; and  by  meafiirement  he 
found  that  the  {liining  or  burning  matter  muft  bi 
more  than  3 miles  in  diameter  ; being  of  an  irregular 
round  figure,  and  very  fliarply  defined  on  the  edges: 
The  other  two  volcanos  refemblcd  large  faint  nebulae, 
that  are  gradually  much  brighter  in  the  middle  ; but 
no  well-defined  luminous  ipot  was  difeovered  in  them. 
Fie  adds,  the  appearance  of  what  I have  called  the 
actual  JiTe^  or  eruption  of  a volcano,  exactly  refem.bled 
a fmall  piece  of  burning  charcoal  when  it  is  covered 
by  a very  thin  coat  of  white  allies,  which  frequently 
adhere  to  it  when  it  has  been  fome  time  ignited  ; and 
it  had  a degree  of  brigbtnefs  about  as  ftrong  as  that  wdtli 
wdiich  a coal  would  be  feen  to  glow  in  faint  day-light. 

It  has  been  difputed  wFether  the  Moon  has  any  at- 
mofphere  or  not.  The  followdng  arguments  have  been 
urged  by  thofe  who  deny  it. 

i:  The  Moon,  fay  they,  confiantly  appears  with  the 
fame  brightnefs  when  our  atmofphcre  is  clear  ; wdiich 
could  not  be  the  cafe  if  file  were  furroiinded  wdth  an 
atmofphcre  like  ours,  fo  variable  in  its  deiifity,  and  fo 
often  obreured  by  clouds  and  vapours.  2.  In  an  ap- 
puifc  of  the  Moon  to  a liar,  when  fhe  conies  fo  near 
it  that  a part  of  lier  atmofphcre  comes  between  our 
eve  and-  the  fiar,  relVadlion  would  caiife  the  latter  to 
feeni  to  change,  its  place,  fo  that  the  Moon  would  ap- 
pear to  touch  it  later  than  by  her  own  motion  flic 
would  do.  3.  vSome  philuiophers  are  of  opinion, 
that  bccaufe  there  are  no  fcas  or  lakes  in  the  Moon, 
there  is  therefore  no  atinofpherc,  as  tliere  is  no  -v/ater 
to  be  raifed  up  in  vapours. 

But  all  thefe  aiguments- have  been  anfwered  by  other 
afircnomcis  in  tlic  follow-ing  manner.  It  is  denied 
that  the  Moon  appears  alvvays  with  tlie  fivme  bright- 
nexB,  even  vdien  our  atmoTphere  appears  equally  cleai\ 
Ilevelius  relates,  that  he  lias  feverai  times  found  in 
R 2 fkle« 
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fkies  perfectly  clear,  when  even  liars  of  the  6th  and 
7th  magnitude  were  rilible,  that  at  the  fame  altitude 
of  the  Moon  with  the  fame  elongation  from  the  fun, 
and  with  the  fame  telefcope,  the  Moon  and  her  ma- 
culae do  not  appear  equally  lucid,  clear,  and  confpicu- 
ous  at  all  times ; but  are  much  brighter  and  more  dif- 
tin6l  at  fome  times  than  at  others.  And  hence  it  is 
inferred  that  the  caufe  of  this  phenomenon  is  neither 
in  our  air,  in  the  tube,  in  the  Moon,  nor  in  the  fpe6la- 
tor’s  eye ; but  mull  be  looked  for  in  fomething  exifiing 
about  the  Moon.  An  additional  argument  is  drawn 
from  the  different  appearances  of  the  Moon  in  total 
cclipfes,  which  it  is  fuppofed  are  owing  to  the  different 
conllitutions  of  the  lunar  atmofphere. 

To  the  2d  argument  Dr.  Long  replies,  that  New- 
ton has  (hewn  (Princip.  prop.  37,  cor.  5),  that  the 
weight  of  any  body  upon  the  Moon  is  but  a third  part 
of  what  the  weight  of  the  fame  would  be  upon  the 
earth  ; now  the  expanfion  of  the  air  is  reciprocally  as 
the  weight  that  compreffes  it  ; therefore  the  air  fur- 
rounding  the  Moon,  being  prelTed  together  by  a weight 
of  one-third,  or  being  attrafled  towards  the  centre  of 
the  Moon  by  a force  equal  only  to  one-third  of  that 
which  attracts  our  air  towards  the  centre  of  the  earth,  It 
tb  cnce  follows,  that  the  lunar  atmofphere  is  only  one- 
third  as  denfe  as  that  of  the  earth,  which  is  too  little 
to  produce  any  feufible  refraftion  of  the  flar’s  light. 
Other  aflronomers  have  contended,  that  fuch  refra6lIon 
w'as  fometimes  very  apparent.  Mr.  Caffini  fays,  that 
he  often  obferved  that  Saturn,  Jupiter,  and  the  fixed 
liars,  had  their  circular  figures  changed  into  an  elliptical 
one,  when  they  approached  either  to  the  Moon’s  dark 
or  illuminated  limb,  though  they  own  that,  in  other 
occultations,  no  fuch  change  could  be  obferved.  And, 
with  regard  to  the  fixed  liars,  it  has  been  urged  that, 
granting  the  Moon  to  have  an  atmofphere  of  the  fame 
nature  and  quantity  as  ours,  no  fuch  elfebl  as  a gradual 
diminution  of  light  ought  to  take  place  ; at  lead  none 
that  we  could  be  capable  of  perceiving.  At  the  height 
of  44  miles,  our  atmofphere  is  fo  rare  as  to  be  incapable 
of  refrafling  the  rays  of  light ; this  height  is  the  i8oth 
part  of  the  earth’s  diameter  ; but  fince  clouds  are  never 
obferved  higher  than  4 miles,  It  appears  that  the  va-. 
pourous  or  obfcure  part  is  only  the  iqSoth  part.  The 
mean  apparent  diameter  of  the  Moon  is  31'  29'’,  or 
1889^^:  therefore  the  obfcure  parts  of  her  atmofphere, 
w'hen  viewed  from  the  earth,  ihuft  fubtend  an  angle  of 
lefs  than  one  fecond  ; which  fpace  is  palfed  over  by  the 
■Moon  in  lefs  than  two  feconds  of  time.  It  can  there- 
fore hardly  be  expedled  that  obfervation  fhould  generally 
determine  whether  the  fuppofed  obfcuration  takes  place 
or  not. 

As  to  the  3d  argument,  it  concludes  nothing,  be- 
caufe  it  is  not  known  that  there  is  no  water  in  the 
Moon  ; nor,  though  this  could  be  proved,  would  it 
follow  that  the  lunar  atmofphere  anfv/ers  no  other  pur- 
pofe  than  the  raifi ng  of  water  into  vapour.  There  is 
however  a ilrong  argument  in  favour  of  the  exiilence 
of  a lunar  atmofphere,  taken  from  the  appearance  of  a 
luminous  circle  round  the  Moon  in  the  time  of  total 
folar  cclipfes  ; a circumftance  that  has  been  obferved 
by  many  aflronomers  ; efpecially  in  the  total  eclipfe  of 
the  fun  which  happened  May  i,  1706.. 


Of  the  Harvfl  Moon.  It  is  remarkable  that  th& 
Moon,  during  the  week  in  which  fhe  is  full  about  the 
time  of  harveil,  rifes  fooner  after  fun-fetting,  than  fhe 
does  in  any  other  full-moon  week  in  the  year.  By  this 
means  flie  affords  an  immediate  fupply  of  light  after 
fun-fet,  which  is  very  beneficial  for  the  harvcfl  and 
gathering  in  the  fruits  of  the  earth ; and  hence  this 
full  Moon  is  diflingulfhed  from  all  the  others  in  the 
year,  by  calling  it  the  Harvefl-Moon. 

To  conceive  the  reafon  of  this  phenomenon  ; it  may 
firfl  be  confidered,  that  the  Moon  is  always  oppofite 
to  the  fun  wdien  fhe  is  full ; that  fhe  is  full  in  the 
figns  Pifees  and  Aries  in  our  harvefl  months,  thofe 
being  the  figns  oppofite  to  Virgo  and  Libra,  the  figns 
occupied  by  the  fun  about  the  fame  feafo'^  ; and  becaufc 
thofe  parts  of  the  ecliptic  rife  in  a fliorter  fpace  of  time 
than  others,  as  may  eafily  be  fhewn  and  illuflrated  by 
the  celellial  globe  ; confequently,  when  the  Moon  is 
about  her  full  in  harvefl,  fhe  rifes  with  lefs  difference 
of  time,  or  more  immediately  after  fun-fet,  than  when 
fhe  is  full  at  other  feafons  of  the  year. 

In  our  wunter,  the  Moon  is  in  Pifees  and  Aries  about 
the  time  of  her  firfl  quarter,  when  die  rifes  about  noon;- 
but  her  rifing  Is  not  then  noticed,  becaufe  the  fun  is 
above  the  horizon. 

In  fpring,  the  Moon  is  in  Pifees  and  Aries  about  the. 
time  of  her  change  ; at  which  time,  as  fhe  gives  no 
light,  and  rifes  with  the  fun,  her  rifing  cannot  be  per-- 
ceived. 

In  fiimmer,  the  Moon  is  in  Pifees  and  Aries  about 
the  time  of  her  lafl  quarter  ; and  then,  as  fhe  is  on 
the  dccreafe,  and  rifes  not  till  midnight,  her  rifing 
ufually  paffes  unobferved. 

But  in  autumn,  the  Moon  is  in  Pifees  and  Aries  at 
the  time  of  her  full,  and  rifes  foon  after  fun-fet  for 
feveral  evenings  fucceffively  ; which  makes  her  regular 
rifing  very  confpicuous  at  that  time  of  the  year. 

And  this  would  always  be  the  cafe,  if  the  Moon’s 
orbit  lay  in  the  plane  of  the  ecliptic.  But  as  her 
orbit  makes  an  angle  of  5°  18'  with  the  ecliptic,  and, 
croffes  it  only  in  the  two  oppofite  points  called  the 
nodes,  her  rifing  when  in  Pifees  and  Aries  will  fome- 
times not  differ  above  i h.  and  40  min.  through  the 
whole  of  7 days  ; and  at  other  times.  In  the  fame  two- 
figns  file  will  differ  3 hours  and  a half  In  the  time  of 
her  rifing  in  a w’eek,  according  to  the  different  pofi-. 
tions  of  the  nodes  with  refpeil  to  thefe  figns  ; which 
pofitions  are  conflantly  changing,  becaufe  the  nodes 
go  backward  through  the  whole  ecliptic  in  18  years. 
225  days. 

This  revolution  of  the  nodes  will  caufe  the  Harvefl. 
Moons  to  go  through  a whole  courlc  of  the  mofl  and 
leaft  beneficial  dates,  with  refpe6t  to  the  harvefl,  every 
19  years.  The  following  Table  fhews  in  what  years,, 
the  Harvefl  Moons  are  lead  beneficial  as  to  the  times 
of  their  rifing,  and  in  what  years  they  are  mod  bene- 
ficial, from  the  year  1790  to  1861  ; the  column  of 
years  under  the  letter  L,  are  thofe  in  which  the  Plar- 
ved-Moons  are  lead  of  all  beneficial,  becaufe  they  fall 
about  the  defeending  node  ; and  thofe  under  the  letter 
M are  the  mod  of  all  beneficial,  becaufe  they  fall  about 
the  afeending  node. 
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Harvejl  JMoons* 


L 

M 

L 

M 

L 

M 

L 

M 

J790 

1798 

1807 

1816 

1826 

1^35 

1844 

1843 

1791 

1799 

1808 

1817 

1827 

1836 

1845 

1874 

1792 

1800 

1809 

1818 

1828 

1837 

1846 

1855 

H93 

1801 

18x0 

1819 

1829 

1838 

1847 

1856 

1794 

1 802 

1811 

1820 

1830 

1839 

1848 

1857 

1795 

'1803 

1812 

[82  I 

1831 

1840 

1849 

1858 

1796 

1804 

1813 

1822 

1832 

1841 

1850 

1859 

1797 

1805 

1814 

1823 

1833 

1842 

1851 

i860 

1806 

1815 

1824 

183+ 

1843 

1852 

186  I 

1825 


yls  to  the  Influence  of  the  Moon,  on  the  changes  of 
the  weather,  and  the  conftitution  of  the  human  body, 
it  may  be  obferved,  that  the  vulgar  do6lrine  concerning 
it  is  veiy  ancient,  and  has  alfo  gained  much  credit 
among  the  Learned,  though  perliaps  without  fuffi- 
cient  examination.  The  common  opinion  is,  that  the 
Lunar  Influence  is  chiehy  exerted  about  the  time  of  the 
full  and  change,  but  more  efpecially  the  latter  ; and  it 
would  feem  that  long  experience  has  in  fome  degree 
efiabliflied  the  fact ; hence,  perfons  obferved  at  thofe 
times  to  be  a little  deranged  in  their  intellects,  are 
called  Lunatics  ; and  hence  many  perfons  anxioufly 
look  for  the  new  Moon  to  bring  a change  in  the  wea- 
ther. The  Moon’s  Influence  on  the  fea,  in  producing 
tides,  being  agreed  upon  on  all  hands,  it  is  argued  that 
(he  mull  alfo  produce  fimilar  changes  in  the  atmofphere, 
but  in  a much  higher  degree  ; which  changes  and  com- 
juotions  there,  mull,  it  is  Inferred,  have  a conliderable 
influence  on  the  weather,  and  on  the  human  body. 

Befidc  the  obfervations  of  the  Ancients,  which  tend 
to  ellablifh  this  doCh'ine,  feveral  among  the  Modern 
Philofophers  have  defended  the  fame  opinion,  and  that 
upon  the  flrength  of  experience  and  obfervation ; while 
others  as  ilrenuoufly  deny  the  faCt.  The  celebrated 
X)r.  Mead  was  a believer  in  the  Influence  of  the  Sun 
and  Moon  on  the  human  body,  and  publifhed  a book 
to  this  purpofe,  intitled,  De  Imperio  Solis  ac  Lun^ 
in  Corpore  Humano.  The  exiflence  of  fuch  influence 
is  however  oppofed  by  Dr.  Horfley,  the  prefent  bi- 
fhop  of  Rochefter,  in  a learned  paper  upon  this  fubjed 
in  the  Philof.  Tranf.  for  the  year  1775;  wLere  he 
gives  a fpecimen  of  arranging  tables  of  meteorological 
obfervations,  fo  as  to  deduce  from  them  fads,  that  may 
cither  confirm  or  refute  this  popular  opinion  ; recom- 
mending it  to  the  Learned,  to  colled  a large  feries  of 
fuch  obfervations,  as  no  conclufions  can  be  drawn  from 
one  or  two  only.  On  the  other  hand  profeflbr  Toaldo, 
and  fome  French  philofophers,  take  the  oppofite  fide  of 
the  queltion  ; and,  from  the  authority  of  a long  feries  of 
obfervations,  pronounce  decidedly  in  favour  of  the  Lu- 
nar Influence. 

Acceleration  of  the  Moon.  See  Acceleration.. 

Moon-Z)L/.  See  Dial. 

i/erizow/a/MooN.  See  Apparent  VI 

MOORE  (Sir  Jonas),  a very  refpedable  mathe- 
matician, Fellow  of  the  Royal  Society,  and  Surveyor- 
general  of  the  Ordnance,  was  born  at  Whitby  in 
Yorklhire  about  the  year  1620.  After  enjoying  the 
advantages  of  a liberal  education,  he  bent  his  ftudies 
principally  to  the  mathematics,  to  which  he  had  al- 
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ways  a ftrong  inclination.  In  the  expeditions  of  King 
Charles  the  ill  into  the  northern  parts  of  England, 
our  author  was  introduced  to  him,  as  a perfon  lludious 
and  learned  in  thofe  fciences  ; when  the  king  exprefled 
much  approbation  of  him,  and  promifed  him  encou- 
racrement ; wTich  indeed  laid  the  foundation  of  his  for- 
tune. Fie  was  afterwards  appointed  mathematical  maL 
ter  to  the  king’s  fecond  fon  James,  to  inftrudl  him  in 
arithmetic,  geography,  the  ufe  of  the  globes,  &c. 
During  Cromwell’s  government  it  feems  he  followed 
the  profefllon  of  a public  teacher  of  mathematics;  for 
I find  him  Eyled,  in  the  title-page  of  fome  of  his  pub- 
lications, “ profeffor  of  the  mathematics.”  After  the 
return  of  Charles  the  2d,  he  found  great  favour  and 
promotion,  becoming  at  length  furveyor-general  of  the 
king’s  ordnance.  He  was  it  feems  a great  favourite 
both  with  the  king  and  the  duke  of  York,  who  often, 
confulted  him,  and  were  advlfed  by  him  upon  many 
occafions.  And  it  mull  be  owned  that  he  often  em- 
ployed his  intereft  with  the  court  to  the  advancement  of 
learning  and  the  encouragement  of  merit.  Thus,  he 
got  Flamfteed  houfe  built  in  1675,  ^ public  obfer- 

vktory,  recommending  Mr.  Flamtteed  to  be  the  king’s 
allronomer,  to  make  the  obfervations  there  ; and  being 
furveyor-general  of  the  ordnance  liimfelf,  this  was  the 
reafon  why  the  falary  of  the  allronomer  royal  was  made 
payable  out  of  the  office  of  ordnance.  Being  a gover- 
nor ofChrlll’s  hofpital,  it  feems  that  by  his  interell  the 
king  founded  the  mathematical  fchool  there,  allowing 
a handfomc  falary  for  a mailer  to  inllrudt  a,  certain, 
number  of  the  boys  in  mathematics  and  navigation,  to* 
qualify  them  for  the  fea  fervice..  Here  he  foon  found 
an  opportunity  of  exerting  his-  abilities  in  a manner 
fomewhat  anfw^erable.  to  his  wiffies,  namely,  that  oT 
ferving  the  rifing  generation.  And  confidering  wnthi 
hlmfelf  the  benefit  the  nation  might  receive  from  a 
mathematical  fchool,  if  rightly  conduded,  he  made  it 
his  utmoll  care  to  promote  the  improvement  of  it.  The 
fchool  was  fettled  ; but  there  llill  wanted  a methodical 
inilitution  from  which  the  youths  might  receive  fuch 
neceflary  helps  as  their  ftuffies  required  : a laborious 
work,  from  which  his  other  great  and  afliduous  em- 
ployments might  very  well  have  exempted  him,  had! 
not  a predominant  regard  to  a more  general  ufefulnefs 
engaged  him  to  devote  all  the  leifure  liours  of  his  de- 
clining years  to  the  improvement  of  fo  ufeful  and 
important  a feminary  of  learning. 

Flaving  thus  engaged  himfelf  in  the  profecution  of 
this  general  defign,  he  next  flietched  out  the  plan  of  a 
coLirfc  or  fyftem  of  mathematics  for  the  ufe  of  the 
fchool,  and  then  drew  up  and  printed  feveral  parts  of 
it  himfelf,  when  death  put  an.  end  to  his  labours,  be- 
fore the  work  was  completed.  I have  not  found  in 
what  year  this  happened  ; but  it  mull  have  been  but 
little  before  16B1,  the  year  in  which  the  work  was  pub - 
lifliedby  his  fons-in-law,  Mr.  Hanway  and  Mr.,  Potin- 
ger.  Of  this  work,  the  Arithmetic,  Pra6lical  Geo- 
metry, Trigonometry,  and  Cofmography,  were  wnit- 
ten  by  Sir  Jonas  himfelf,,  and  printed  before  his  death. 
The  Algebra,  Navigation,  and  the  books  of  Eiiclidl 
were  fupplied  by  Mr.  Perkins,  the  then  mailer  of  the 
mathematical  fchool.  And  the  Aflronomy,  or  Doc- 
trine of  the  Sphere,  was  written  by  Mr.  Ilamlleed,  the 
allronomer  royal. 
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The  lill;  of  S Ir  Jonas’s  works,  as  far  as  1 liave  feen 
them,  are  the  following  : 

1.  The  New  Syftem  of  Mathematics;  above  men- 
tioned, in  2 vols  410,  1681. 

2.  Arithmetic  in  two  books,  viz,  Vulgar  Arithmetic 
and  Algebra.  To  which  are  added  two  Treatifes,  the 
<5ne  A new  Contemplation  Geometrical,  upon  the  Oval 
ligure  called  the  Ellipfis  ; the  other,  Tlie  two  firll 
books  of  Mydorgius,  his  Conical  Sedlions  anahzed 
&c.  8 VO,  1660. 

3.  A JN'Iathematicrd  Compendium  ; or  Uieful  Prac- 
tices m Arithmetic,  Geometry,  and  Ailronomy,  Geo- 
graphy and  Navigation,  &c,  &c.  i2mo,  4th  edition 
in- 1 705. 

4.  A General  Treatlfe  of  Artillery : or,  Great 
Ordnance,  Written  in  Italian  by  Ternafo  INioretii  of 
Brefcia.  Tranflated  into  Englifb,  with  notes  there- 
upon, and  fome  additions  out  of  French  for  Sea-Gun- 
ners. By  Sir  Jonas  Moore,  Kt.  8vo,  1683. 

MORl  AIAi’F.  Bills  of  Mortality^  are  accounts 
orregiftess  fpecifying  the  numbers  born,  and  biiiaed, 
and  fometimes  married,  in  any  town,  parifu,  or  dif- 
trief,  ddiefe  are  of  great  ufe,  not  only  in  the  doftrine 
of  Life  Annuities,  but  in  fliewing  the  degrees  of  heal- 
tliinefsand  prolificncfs,  with  the  progrefsof  population 
in  the  places  where  they  are  kept.  It  is  therefore 
much  to  be  wifned  that  fuch  accounts  had  always  been 
corredlly  kept  in  every  kingdom,  and  regularly  pub- 
lilhed  at  the  end  of  every  year.  Vv^e  fliould  then  have 
liad  under  infpcdlion  ihc  corapa.rative  flrength  of  every 
kingdom,  as  far  as  it  depends  on  the  number  of  inha- 
bitants, and  its  increafe  or  decreafe  at  different  pe- 
riods. 

Such  accounts  are  rendered  ftill  more  nfeful,  when 
tney  include  the  ages  of  the  dead,  and  the  diflempers 
of  whicii  they  have  died.  In  this  cafe  they  convey 
iome  of  the  moft  important  inllrudfions,  by  furnifliing 
the  m.eans  of  afeertaining  the  law  which  governs  the 
waile  of  human  life,  the  values  of  annuities  dependent 
on  the  continuance  of  any  lives,  or  any  fiirvivorfliips 
between  them,  and  the  favoiirahienefs  or  iinfavourable- 
Ticfs  of  different  fituations  to  the  duration  of  human 
life. 


There  are  but  few  regifters  of  this  kind  ; nor  has  this 
fnbjeA,  though  fo  interefling  to  mankind,  ever  engaged 
much  attention  till  lately.  Indeed,  bills  of  Mortality 
for  the  feveral  pat  idles  of  the  city  of  London  have  been 
kept  from  the  year  i 392,  with  little  interruption  ; and 
a very  ample  account  of  them  has  been  publiflied  down 
•to  the  year  1759,  by  Dr.  Birch,  in  a large  4to  vol, 
which  is  perhaps  the  fuliefl  work  of  the  kind  extant  ; 
containing  befides  the  bills  of  Mortality,  with  the  dif- 
cates  and  cafualties,  feveral  other  valuable  trabls  on  the 
fubjebi  of  them,  and  on  political  arithmetic,  by  feveral 
other  authors,  as  Capt.  John  Graunt,  F R.  S.  ; Sir 
\Villiami  Petty,  F.  R.  S.  ; Corby n Morris,  Efq.  F.  R.  S. ; 
and  J.  P.  Efq.  F.  R.  S.;  the  whole  forming  a valuable 
rcpofitory  of  materials  ; and  it  would  be  well  if  a con- 
tinuation were  pubiid.ed  down  to  the  prefent  time,  and'- 
fo  continued  from  time  to  time. 

Bills  containing  the  ages  of  the  dead,  w^ere  long 
fince  publidied  for  the  town  of  Breflaw  in  Silefia.  It 
is  well  known  what  ufe  has  been  made  of  thele  by  Dr, 
Halley,^ and  after  him  by  Mr.  De  Moivre.  A table  of 


the  probabilities  of  the  duration  of  human  life  at  every 
age,  deduced  trora  them  by  Dr.  Halley,  was  publidied 
in  the  Philof.  Tranf.  voL  17,  and  has  been  inferted  in 
this  work  under  the  article  J.u\?E~Bnnuities  \ which  is 
the  firfl  table  of  this  kind  that  has  been  publiflied.  Since 
the  ■ publication  of  this  table,  fimilar  bills  have  been 
effablifned  in  many  other  placesjdn  England,  Germany, 
Switzerland,  France,  Holland,  &c,  but  moff  cfpecially' 
in  Siveden  ; the  rcfnlts  of  fome  of  which  may  be  feen  in 
the  large  comparative  table  of  the  duration  of  life,  un- 
der the  article  lAVE-Bniiuliiss.  in  this  work, 

MORTAR,  or  Mortar-Piece,  a-  foort  piece  of 
ordnance,  thick  and  wide,  proper  for  throwing  bomb- 
fnells,  carcafes,  ilor.es,  grape-fhot,  &c. 

It  is  thouglit  that  tlie  ide  of.  Mortars  is  older  than 
that  of  cannon  : for  they  were  employed  in  the  wars  of 
Italy,  to  throw  balls  of  red-hot  iron,  and  ftones,  long' 
before  tlie  invention  of  iliells  : and  it'  is  generally  be- 
lieved that  the  Gejraans  were  the  firll  inventors.  The 
practice  of  throwing  red-hot  balls  out  of  Mortars,  was 
firft  praAifed  at  the  fiege  of  StraUimdin  1675,  by  the 
eledlor  of  Brandenburg ; though  fome  fay,  in  1653, 
at  the  fiege  of  lir  emeu. 

Mortars  are  made  either  of  brafs  or  iron,  and  it  k 
iifual  to  diifmguifh  them  by  the  diameter  of  the  bore  ; 
as,  the  13  inch,  the  10  inch,  or  the  8 inch  Mortar  r 
there  are  fome  of  a fmaller  fort,  as  Coehorns  of  4*6 
inches,  and  Iboyals  of  5^8  inches  in  diameter.  As  to 
tlie  larger  fizes,  as  18  inches,  &c,  they  are  nowdifufed 
by  the  Englifh,  as  w^eli  as  moll  other  European  nations. 
For  the  circumflances  relating  to  Mortars,  fee  Mul- 
ler’s Artillery. 

Cothorn  Mortar,  a fmall  kind  of  ^one,  invented  by 
tlie  celebrated  engineer  baron  Coehorn,  to  throw  fmall 
fhells  or  grenades,  Thele  Mortars  are  often  fixed,  to 
the  number  of  a dozen,  on  a block  of  oak,  at  the  ele- 
vation of  45°. 

MOTION,  or  Local  Mo  TiON,  is  a continued  and 
fiicctffive  change  of  place.  Borelli  defines  it,  the  fne- 
ceffive  paffage  of  a body  from  one  place  to  another,  in 
a deteiminate  time,  by  becoming  fucceflively  conti- 
guous to  all  the  parts  of  the  intermediate  Ipace. 

Motion  is  confidered  as  of  vaiaous  kinds ; as  Natural, 
Violent,  Abfolutc  and  Relative,  &c,  6cc. 

Natural  Motion,  is  that  which  has  its  principle,  or 
adluating  force,  within  the  moving  body.  Such  is  that 
of  a ftone  falling  towards  the  earth.  And 

Motion,  is  that  whofe  principle  is  without, 
and  againft  which  the  moving  body  makes  a refilfanee. 
Such  is  that  of  a ftone  thrown  upwards,  or  of  a bail 
fhot  off  from  a gun,  &c. 

Motion  is  again  divided  into  Abfolute  and  Rela- 
tive. 

Ahfolnte  Motion,  is  the  change  of  abfolute  place,  in 
any  .moving  body,  confidered  independently  of  any 
other  motion  ; whofe  celerity  therefore  will  be  mica- 
fured  by  the  quantity  of  abfolute  fpace  which  the 
moveable  body  runs  through.  And 

Relative  Motion,  is  the  change  of  the  relative  place 
of  a moving  body,  or  confidered  with  refpeA  to  the  mo- 
tion of  fome  other  body;  and  has  its  celerity  eftimated 
by  the  quantity  of  relative  fpace  run  through. 

Bis  to  the  Contlmiation of  yioTioEi,  ox  the  ca-ufe  why  a 
body  once  in  Motion  comes  to  perfevere  inp't ; this  has 
5 been 
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been  much  controverted  amon^  phyfical  writers  ; and 
yet  it  follows  very  evidently  from  one  of  the  grand 
Laws  of  Nature;  viz,  that  all  bodies  peiTevere  in  their 
prefent  date,  whether  of  reft  or  motion,  unlefs  difturbed 
by  fome  foreign  powers.  Motion  therefore,  once  be- 
gun, would  be  continued  in  infinitum,  were  it  to  meet 
with  no  interruption  from  external  cauff  r ; as  the  power 
of  gravity,  the  rtliftance  of  the  medium,  &c. 

Nor  has  the  communication  of  motion,  or  how  a 
moving  body  comes  to  affedt  another  at  reft,  or  how 
mucli  of  its  motion  is  communicated  by  the  •firft  to  the 
laft,  been  lefs  difputed.  See  the  I..aws  of  it  under  the 
\ford  Percussion. 

Motion  is  the  proper  fubjedf  of  mechanics  ; and  me- 
chanics is  the  balls  of  all  natural  philofophy  ; whicli 
hence  becomes  denominated  Mechanical. 

In  effedt,  ail  the  phenomena  of  nature,  all  the  clianges 
that  happen  in  the  lyftem  of  bodies,  are  owing  to  Vlo- 
tion  ; and  are  direfted  according  to  the  laws  of  it. 
Hence  the  modern  philofophers  have  applied  themfelvcs 
with  peculiar  ardour  to  confider  the  dodiiine  of  Tvlo- 
tion  ; to  inveftigate  the  properties  and  laws  of  it  ; by 
oblcrvation  and  experiment,  joined  to  the  ufe  of  geo- 
metry. And  to  this  is  ownng  the  great  advantage  of 
the  modern  philofophy  above  that  of  the  Ancients;  wlio 
were  extremely  difregardful  of  the  efteAs  of  Motion. 

Among  all  the  Ancients,  there  is  nothing  extant  on 
Motion,  excepting  fome  things  in  Archimedes’s  books, 
De  .^Lquiponderantibus.  To  Galileo  is  owdng  a great 
part  of  the  doftrineof  Motion  : he  firft  difeovered  the 
general  laws  of  it,  and  particularly  of  the  delcent  of 
heavy  bodies,  both  perpendicularly  and  on  inclined 
planes  ; the  laws  of  the  ^lotion  of  projedliles  ; the  vi- 
bration of  pendulums,  and  of  ftretebed  cords,  with 
the  theory  of  refillances,  See:  things  which  the  Ancients 
had  little  notion  of. 

Torricelli  polifhed  and  improved  the  difeoveries  of  his 
mailer,  Galileo;  and  added  many  experiments  concern- 
ing the  force  of  percuftlon,  and  the  equilibrium  of  fluids. 
Huygens  improved  very  cOnfiderably  on  the  dodfrine  of 
the  pendulum;  and  both  he  and  Borelli  on  the  force  of 
percuffion.  Laftly,  Newton,  Leibnitz,  Varignon, 
Mariotte,  &c,  have  brought  the  dodlrine  of  Motion 
flill  much  nearer  to  perfedlion. 

The  general  laws  of  Motion  were  firft  brought  into 
a fyftem,  and  analytically  demonftrated  together,  by 
Dr.  Wallis,  Sir  Chriftopher  Wren,  and  M.  Huygens, 
all  much  about  the  fame  time  ; the  firft  in  bodies  not 
claftic,  and  the  twm  latter  in  elaftic  bodies.  Laftly,  the 
whole  do<51;rine  of  Motion,  including  all  the  difeove- 
rics  both  of  the  Ancients  and  Moderns  on  that  head, 
was  given  by  Dr.  Wallis  in  his  Mechanica,  five  De 
Motu,  publiftied  in  1670. 

^mntity  of  Motion,  is  the  fame  as  PJomentum, 
which  fee.  It  is  a principle  maintained  by  the  Carte- 
iians,  and  fome  others,  that  the  Creator  at  the  begin- 
ning Imprefled  a certain  Quantity  of  Motion  on  bodies  ; 
and  that  under  fiich  laws,  as  that  no  part  of  it  ftiould 
be  loft,  but  the  fame  portion  of  Motion  fhould  be  con- 
ftantly  preferved  in  matter : and  hence  they  conclude, 
that  if  any  moving  body  ftrike  another  body,  the  former 
k)fes  no  more  ofits  Motion  than  it  communicates  to  the 
ktter.  This  pofitlon  however  has  been  oppofed  by  other 
philofophers,  and  perbapsjiiftly,  u-nlefs  the  prefervation' 


of  Motion  be  iinderftood  only  of  the  quantity  of  it  as  eft  i- 
mated  always  in  the  fame  diredfion  ; for  then  it  feems 
the  principle  will  hold  good.  However,  the  reafuning 
ought  to  have  proceeded  in  the  contrary  order  ; by  fiilt 
oblerving  from  experiment,  or  otherwife,  that  u^hen 
tw'o  bodies  adf  upon  each  other,  the  one  gains  exadtly 
the  Motion  which  is  loft  by  the  other,  in  the  fame  di- 
rediion  ; and  from  hence  made  the  inference,  that  there 
is  therefore  the  fame  Qiiantity  of  Motion  preferved  in 
the  univeiTe,  as  was  created  by  God  in  the  beginning;, 
fince  no  body  can  adl  upon  another,  without  being  itielf 
equally  acted  upon  in  the  oppofite  or  contrary  direc- 
tion. 

T’he  Continuation  of  Motion,  or  the  caufe  why  a bo- 
dy once  in  Motion  comes  to  perfevere  in  it,  has  been 
much  controverted  among  phyfical  w'rlters  ; and  yet  tt^ 
follows  very  evldeiulv  from  one  of  the  cj-rand  Laws  of 
Nature  ; viz,  that  all  bodies  perfevere  in  their  prefent 
ftate,  whether  of  Motion  or  reft,  unlefs  they  are  dif- 
turbed by  fome  foreign  powers.  Motion  therefore, 
once  begun,  would  be  continued  for  ever,  were  it  to 
meet  with  no  interruption  from  external  caufes  ; as  the' 
power  of  gravity,  the  refi  fiance  of  the  medium,  &c. 

The  Communication  of  Motion,  or  the  manner  in 
which  a moving  body  comes  to  affeCt  another  at  reft,  or 
how  much  of  its  Motion  is  communicated  by  the  firft: 
to  the  laft,  has  alfo  been  the  fubjebl  of  much  difculTion 
and  controverfy.  See  the  Laws  of  it  under  the  word 
Percussion. 

Motion  may  be  confidered  either  as  Tquable,  and 
Uniform  ; or  as  Accelerated,  and  Retarded.  Equable 
Motion,  again,  may  be  confidered  either  as  Simple,  or 
as  Compound  ; and  Compound  Motion  either  as  Redli- 
linear,  or  as  Curvilinear. 

And  all  thefe  again  may' be  confidered  either  with  re- 
gard to  themfelves,  or  with  regard  to  the  manner  of 
their  production,  and  communication,  by  percuffion, 
&c. 

EiiywriZ’/i?  Moti  ON,  is  that  by  which  the  moving  body 
proceeds  with  exaCtly  the  fame  velocity  or  celerity  p 
pafiing  always  over  equal  fpaces  in  equal  times. 

Ihe  Ijunus  of  Uniform  JMoiion-,  are  thefe:  i.  The 
fpaces  defcribcd,  or  pafled  over,  are  in  the  compound 
ratio  of  the  velocities,  and  the  times  of  deferibing  thofc 
fpaces.  So  that,  if  V and  n)  be  any  two  uniform  veloci  - 
ties, S and  s the  fjiaces  defci  ibcd  or  pafied  over  by 
them,  in  the  refpeCllve  times  T and  t : 

then  is  S : s : : TV  : tVy 
or2o:i2::4X5:3X4; 

taking  T = 4,  / = 3,  V = 5,  and  ‘u  =:  4.  , 

2.  lu  Uniform  Motions,  the  time  is  as  the  fpace  di- 
reCfly,  and  as  the  velocity  reciprocally  ; or  as  the  fpace 
divided  by  the  velocity.  So  that 

S ^ nr 

T ; / : i “ : — or  : ; : jV. 

V m 


3.  The  velocity  Is  as  the  fpace  direCily,  and  the 
time  reciprocally  ; or  as  the  fpace  divided  by  the  time* 


That  is,  V ; “y 


— or  ; : S/  : j-T, 
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Accelerated  Motion,  is  that  which  continually  re- 
ceives frefh  accelfions  of  velocitjv  And  it  is  faid  to  be 
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^Tmfornily  accelerated,  when  its  acceflions  of  velocity 
are  equal  in  equal  times  ; fuch  as  that  which  is  pro- 
duced bv  the  continual  adlion  of  one  and  the  fame  force, 

j 

dike  the  force  of  gravity,  &c. 

Retarded  Motion,  is  that  whofe  velocity  conti- 
nually decreafes.  And  it  is  faid  to  be  uniformly  Re- 
tarded, when  its  decreafe  is  continually  proportional  to 
the  tiirtf,  or  by  equal  quantities  in  equal  times  ; like 
that  which  is  produced  by  the  continual  oppofition  of 
one  and  the  fame  force  ; fuch  as  the  force  of  gravity,  in 
uniformly  retarding  the  Motion  of  a body  that  is  thiowu 
upwards. 

The  Laws  of  Motion,  uniformly  accelerated  or  re- 
tarded, are  thefe  : 

1.  In  uniformly’"  varied  motions,  the  fpace,  S or  x,  is 
as  the  fquare  of  the  time,  or  as  the  fqiiarc  of  the  greateft 
velocity,  or  as  the  redlangle  or  produdl  of  the  time  and 
'velocity. 

That  is,  S : s ::T^  : : : TV  : tv. 

2.  The  velocity  is  the  time,  or  as  the  fpace  diviacd 
by  the  the  time,  or  as  the  fquare  root  of  the  Ipace. 


That  is,  V : a : : T : t : 
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3.  The  time  is  as  the  velocityg  or  as  the  fpace  divided 
hj  the  velocity,  or  as  the  fquare  root  of  the  fpace. 

S s 

That  is,  T : / : : V ; a ; : : — : : ;^S  : s. 
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4.  When  a fpace  is  deferibed,  or  pafled  over,  by  an 
uniformly  varied  Motion,  the  velocity  either  beginning 
at  nothing,  and  coniinually  accelerated  ; or  elfe  begin- 
ning at  fome  determinate  velocity,  and  continually  re- 
tarded till  the  velocity  be  reduced  to  nothing  ; then  the 
fpace,  fo  run  over  by  the  variable  Motion,  will  be  ex- 
a£lly  equal  to  half  the  fpace  that  would  be  run  over  in 
the  fame  time  by  the  greateft  velocity  if  uniformly  con- 
tinued for  that  time.  So,  for  Inftance,  if^  denote  the 
fpace  run  over  in  one  fecond,  or  any  other  time,  by  fuch 
a variable  Motion  ; then  2g  would  be  the  fpace  that 
would  be  run  over  in  one  fecond,  or  the  fame  time,  by  the 
greateft  velocity  uniformly  continued  for  the  fame  time  ; 
or  2g  would  be  the  greateft  velocity  per  fecond  which 
the  moving  body  had.  Confequently,  if  t be  any’-  other 
time,  s the  fpace  run  over  In  that  time,  and  v the  great- 
eft velocity  attained  in  it ; then,  from  the  foregoing  ar- 
ticles, it  will  be 

iff : d'  :i  2g  i 2gt  = V the  velocity, 
and  : : g : gf-  = s the  fpace. 

And  hence,  for  any  fuch  uniformly  varied  Motions,  the 
relations  among  the  feveral  quantities  concerned,  will  be 
expreffed  by  the  following  equations  ; viz, 
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And  thefe  equations  will  hold  good  in  the  Motion  ei- 
ther generated  or  deftroyed  by  the  force  of  gravity,  or 
by  any  other  uniform  force  whatever.  See  aifo  the 
articles  Gravity,  Acceleration,  Retardation, 
&c.  Again, 

Simple  Motion,  is  that  which  is  produced  by  fomc 
one  power  or  .force  only,  and  is  always  rectilinear,  or 
in  one  diveCfion,  whether  the  force  be  only  momentary' 
or  continued.  And  ' 

Compound  Vio-Tio'et,  is  that  which- is  produced  by 
two  or  more  powers  aCling  in  different  direCfions.  Sec 
Compound,  and  Composition  op'  Motion. 

If  a moving  body  be  aCted  on  by  a double  power  ; 
the  one  according  to  tlie  direction  AB,  the  other  ac- 
cording to  AC  ; with  the  Compound  Motion,  or  that 
which  is  compounded  of  thefe  two  together,  it  will 
deferibe  the  diagonal  AD  of  the  parallelogram,  whofe 
Tides  AB  and  AC  it  would  have  deferibed  in  the  fame 
time  with  each  of  the  refpeClive  powers  apart. 


A 


And  if  the  radius  of  a circle  be  carried  round  iipo*. 
the  centre  C,  while  a point  in  the  radius  fets  off  from 
A,  and  keeps  moving  along  the  radius  towards  the  cen- 
tre ; then,  by  this  Compound  Motion,  the  path  of  the 
point  will  be  a kind  of  a fpiral  ABC. 

For  the  Particular  Laws  (^Motion,  arifing  from  the 
CoUyion  of  bodies,  both  Elajlic  and  Non-elajlic,  and  that 
where  the  directions  are  both  Perpendicular  and  Oblique, 
fee  Percussion, 

For  Circular  Motion,  and  the  Projec- 

tiles, fee  the  refpedllve  words. 

For  the  Motion  of  Pendulums,  and  the  Laws  of  OfciU 
latlon,  fee  Pendulum. 

Perpetual  Motion,  is  a Motion  which  is  fupplled 
and  renewed  from  itfelf,  without  the  intervention  of  any 
external  caufe. 

The  celebrated  problem  of  a Perpetual  Motion,  con- 
fills  in  the  inventing  a machine,  which  has  the  princi- 
ple of  its  Motion  within  itfelf;  and  is  a problem  that 
has  employed  the  mathematicians  for  2000  years ; 
though  none  perhaps  have  profccuted  it  with  attention 
and  earneftnefs  equal  to  thofe  of  the  prefent  age.  In- 
finite are  the  fchemes,  defigns,  plans,  engines,  wheels. 
Sec,  to  which  this  long-defired  Perpetual  Motion  has 
given  birth. 

But  M.  De  la  Hire  has  proved  the  impoflibility  of 
any  fuch  machine,  and  finds  that  it  amounts  to  this  ; 
viz,  to  find  a body  which  is  both  heavier  and  lighter  at 
the  fame  time  ; or  to  find  a body  which  is  heavier  than 
itfelf.  Indeed  there  feems  but  little  in  nature  to 
countenance  all  this  alliduity  and  expeftation  : among 
all  the  laws  of  matter  and  Motion,  we  know  of  none 
yet  that  feem  likely  to  furnifli  any  principle  or  founda- 
tion for  fuch  an  effeeft.- 
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Acftion  and  readlion  it  is  allowed  are  always  equal ; 
yand  a body  that  gives  any  quantity  of  Motion  to  ano- 
ther, always  lofes  juft  fo  much  of  its  own  ; but  under 
the  prefent  liate  of  things,  the  refiftance  of  the  air, 
thcfriflion  of  the  parts  of  machines,  &c,  do  neceftarily 
retard  every  Motion. 

To  continue  the  Motion  therefore  either,  ftrft,  there 
muft  be  a fupply  from  fome  foreign  caufe  ; which  in  a 
Perpetual  Motion  is  excluded. 

Or,  2dly,  all  refiftance  from  the  friftion  of  tlie 
parts  of  matter  niuft  be  removed  ; which  neceftarily 
implies  a cliange  in  the  nature  of  things. 

laftjy,  there  muft  be  fome  method  of 
gaining  a force  equivalent  to  what  is  loft,  by  the  artful 
diipolition  and  combination  of  mechanic  porvers  ^ to 
vrhich  laft  point  then  all  endeavours  are  to  be  directed: 
but  hovq  or  by  wdiat  means,  fucli  force  fnould  be  gain- 
ed, is  ft  ill  a myftery. 

d he  multiplication  of  powers  or  forces,  it  is  certain, 
avails  nothing  ; for  what  is  gained  in  power  is  loft  in 
tiniC,  fo  thai.  the  quantity  of  hlotion  ftill  I'emains  tlie 
fame,  dins  is,an  inviolable  law  of  nature  ^ by  \vhich 
notning  is  left  to  art,  but  the  choice  of  the  feveral  com- 
binations that  may  jiroduce  the  fame  effehf. 

There  are  various  ways  by  which  abfolute  force  may 
be  gained  ; but  ftnee  tnere  is  always  an  equal  gain  in 
oppofite  diredfions,  and  no  increafe  obtained  in  the 
fame  direedion  ; in  the  circle  of  adions  neceifary  to 
make  a perpetual  movement,  this  gain  muft  be  prefently 
loft,  and  will  not  ferve  for  the  neceifary  expence  offeree 
employed  in  overcoming  friction,  and  the  refiftance  of 
the  medium.  And  therefore,  though  it  could  be  lliewn, 
that  in  an  infinite  number  of  bodies,  or  in  an  infinite  ma- 
chine, there  could  be  a gain  of  force  for  ever,  and  a Mo- 
tion continued  to  infinity,  it  does  not  follow  that  a per- 
petual movement  can  be  made.  IT.at  which  was  pro- 
pofed  by  M.  Leibnitz  in  the  Leipfic  Adts  of  1690,  as  a 
confequence  of  the  common  efiimation  of  the  forces  of 
bodies  in  Motion,  is  of  this  kind,  and  for  this  and  other 
reafons  ought  to  be  rejected.  See  Perpetual  /iA- 
tion  j alfo  Orffyreus’s  Wheel,  &c. 

Animal  Motion,  is  that  by  wdiich  the  fituation, 
figure,  magnitude,  ccc,  of  the  parts  and  members  of 
animals  are  changed.  Under  thefe  Motions,  come  all 
the  animal  fundtions  ; as  rcfpiration,  circulation  of  the 
blood,  excretion,  walking,  running,  &c. 

Animal  Motions  are  ufiially  divided  into  tw^o  fpecics; 
viz,  Natural  and  Spontaneous. 

i\L ^z/raf/ M o T I o N , IS  that  involuntary  one  which  is 
effedted  wnthout  the  comm.and  of  the  wnll,  by  the  mere 
mechanifm  of  the  parts.  Such  as  the  Motion  of  the 
heart  and  pulfe  ; the  Perlftaltic  Motion  of  the  intef- 
tines,  &c.  But 

Spontaneous,  or  Mufculcr  Mot is  that  which  is 
performed  by  means  of  the  mufcles,  at  tlie  command 
of  the^wnll  ; which  is  hence  called  Voluntary  Motion. 
Borelli  has  a celebrated  treatife  on  this  fubjedf,  entitled 
De  Mctu  Anim.alium. 

^ Jntefiine  Motion,  denotes  an,  agitation  of  the  par- 
ticles of  wdiich  a body  confifts.— Somw  philofophers 
will  have  every  body,  and  every  particle  of  a body,  in 
continual  Motion.  As  for  fluids,  it  is  the  definition 
they  give  of  them.,  that  their  parts  are  in  continual  Mo- 
tion. And  as  to  folids,  they  infer  the  like  Motion 
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from  the  e.ftluvla  continually  emitted  through  their 
pores.  Hence^Inteftine  Motion  is  reprefented  to  be  a 
Motion  of  the  internal  and  fnialler  parts  of  matter,  con- 
tinually excited  by  fome  external,  latent  agent,  wdiich 
of  itfelf  is  infenfible,  and  only  difeovers  itfelf  by  its 
- effedfs  ; appointed  by  Nature  to  be  the  great  inftrurneiit 
of  the  changes  in  bodies. 

Motion,  in  Aftronomy,  is  peculiarly  applied  to  the 
orderly  courfes  of  the  heavenly  bodies. 

Motion.  See  Mean. 

^ The  Motions  of  the  celeftial  luminaries  are  of  two 
kinds : Diurnal,  or  Common,;  and  Secondary,  or  Proper, 

Diurnal,  or  Primary  Motion,  is  that  with  w^hich 
all  the  heavenly  bodies,  and  the  wdiole  mundane  fphere, 
appear  to  revolve  every  day  round  the  earth,  from  eail 
to  w^efl.  Phis  is  alfo  called  the  Motion  of  tiie  Prim  urn 
Mobile,  and  the  Common  Motion,  to  diftinguifti  it 
from  that  rotation  wdiich  is  peculiar  to  each  planet,  (&c. 

Secondary,  or  Proper  Motion,  is  that  with  wdiich  a 
ftai,  planet,  or  the  like,  advances  a certain  fpacs  every 
day  from  the  weft  towards  the  eaft.  See  the  feveral 
Motions  of  each  luminarj,’",  with  the  irregularities,  &e, 

of  them,  under  the  proper  articles.  Earth,  Moon’ 
Star,  &c. 

Angular  Motion,  is  that  by  which  the  angular  po- 
fition  of  any  thing  varies.  See  Angular. 

Idorary  Motion,  is  the  Motion  during  each  houtv 
See  Ho  RAR  Y. 

Paracentric  Motion  of  Impetus.  See  Paracen- 
tric. 

Motion  of  Prepidation,  ^0.  See  Trepidation  and 

LlBRATlON. 

MOTIVE  Ponver  or  Force,  is  the  wdiole  powder  or 
force  adfing  upon  any  body,  or  quantity  of  matter,  to 
move  It  ; and  is  proportional  to  the  momentum  or 
quantity  of  motion  it  can  produce  in  a given  time.  To 
diftinguifli  it  from  the  Accelerative  force,  which  is  con- 
fidered  as  alfeAing  the  celerity  only. 

hlOTRIX,  fomething  that  has  the  pow’er  or  faculty 
of  moving.  See  PhV  flA/rfr,  and  Motion. 

IMOVEABLE,  fomething  fufceptible  of  motion,  or 
that  is  difpofed  to  be  moved.  A fphere  is  the  moft 
Mo\ cable  of  all  bodies,  or  is  the  eaiieft  to  be  moved 
on  a plane.  A door  is  IMoveable  on  its  hinges  ; the 
magnetic  needle  on  a pin  or  pivot,  &c.  Moveable  is 
often  ufed  in  contradiftinclion  to  Fixed  or  Fixt, 

Mo\  EABLE  leafs,  are  fuch  as  are  not  always  held  on 
the  fame  day  of  t!ie  year  or  month  ; though  they  may 
be  on  the  fame  day  of  the  w'eek.  Tlius,  Eafter  is  a. 
Moveable  Feaft  ; being  always  held  on  the  Sunday 
which  falls  upon  or  next  after  the  firft  full  moon  fol- 
lowing the  21ft  of  Marcdi.  See  Philof.  Tranf.  numb. 
240,  pa.  185.  All  the  other  Moveable  Feafts  follow 
Eafter,  keeping  their  conftant  diftance  from  it  ; fo  that 
they  are  fixed  with  refpea  to  it,  though  Moveable 
through  the  couife  of  the  year.  Such  are  Septuage- 
fima,  Sexagefima,  Afli-Wednefday,  Afeenfion-Day, 
Pentecoft,  Trinity-Sunday,  &c. 

MOVEMENT,  a term  often  ufed  in  the  fame  fehfc 
with^  Automaton.  Phe  moft  ufual  hlovements  for 
keeping  time,  are  Clocks  and  Watches;  the  latter  are 
fuch  acs  ftew  the  parts  of  time  by  infpeaioig  and  are 
portable  m the  pocket  ; the  former  fuch  as  publifli  it 
by  founds,  and  are  fixed  as  furniture. 
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Movement,  in  its  popular  ufo,  fignifies  all  the  inner 
works  of  a clock,  watch,  or  other  machine,  that  move, 
and  by  that  motion  carry  on  the  defigii  of  the  inllru- 
ment.  The  Movement  of  a clock,  or  watch,  is  the 
infide ; or  that  part  which  meafiires  the  time,  and 
ftrikes,  &c  ; exclufive  of  the  frame,  cafe,  dial-plate,  &c. 

The  parts  common  to  both  of  thefe  Movements  are, 
the  Main-fpring  with  its  appurtenances,^  lying  m the 
fpring  box,  and  in  the  middle  of  it  lapping  about  the 
fpring-arbor,  to  which  one  end  of  it  is  fattened.  A-top 
of  the  fpring-arbor  is  the  Endlefs  fcrew,  and  its  wheel ; 
but  in  fpring  clocks  this  is  a ratchet-wheel  with  its 
click,  that  ttops  it.  That  which  the  ^ main-fpring 
draws,  and  round  which  the  chain  or  firing  is  wrap- 
ped, is  called  the  fufee  : this  is  moftly  taper  ; in  large 
works,  goitig  with  weights,  it  is  cylindrical,  and  is  called 
the  barrel.  The  fmall  teeth  at  the  bottom  of  the  fufee 
or  barrel,  which  ftop  it  in  winding  up,  is  called  the 
Ratchet  ; and  that  which  ttops  it  when  wound  up, 
and  is  for  that  end  driven  up  by  the  fpring,  the  Garde- 
♦^ut.  The  Wheels  are  various  : the  parts  of  a wheel 
are,  the  Hoop  or  Rim  ; the  Teeth,  the  Crofs,  and  the 
Collet,  or  piece  of  brafs  foldered  on  the  arbor  or  fpindle 
on  which  the  wheel  is  riveted.  The  little  wheels, 
playing  in  the  teeth  of  the  larger,  are  called  Pinions  ; 
and  their  teeth,  which  are  4,  5,6,  8,  &c,  are  called 
X^eves  ; the  ends  of  the  fpindle  are  called  Pivots  ; 
and  the  giittured  wheel,  with  iron  fpikes  at  bottom,  in 
which  the  line  of  common  clocks  runs,  the  Pulley. 

theory  of  Calculating  the  Numbers  for  Movements. 

1.  It  is  firft  to  be  obferved,  that  a wheel,  divided 
by  its  pinion,  fhews  how  many  turns  the  pinion  has  to 
cue  turn  of  the  wheel. 

2.  That  from  the  fufee  to  the  balance  the  wheels 
drive  the  pinions,  confequently  the  pinions  run  fatter,  or 
make  more  revolutions,  chan  the  wheel  ; but  it  is  the 
contrary  from  the  great  wheel  to  the  dial-wheel. 

3.  That  the  w^heels  and  pinions  are  written  down 
either  as  vulgar  fradlions,  or  in  the  way  of  divilion  in 
common  arithmetic  : for  example,  a wheel  of  60,  mov- 
ing a pinion  of  5,  Is  fet  down  either  thus 

thus  5)60,  which  is  better.  And  the  number  of  turns  the 
pinion  has  in  one  turn  of  the  wheel,  as  a quotient,  thus 
60  (12.  A whole  Movement  may  be  wTitten  as 
follows  : 


4) 

36 

( 9 

5 ) 

55 

5 ) 

45 

( 9' 

5) 

40 

( 8 

17 

where  the  uppermoft  number  exprettes  the  pinion  of 
report  4,  the  dial -wheel  36,  and  the  turns  of  the 
pinion  9 ; the  fecond,  the  pinion  and  great  wdreel  ; 
the  third,  the  fecond  wttiecl  &c  ; tlie  fourth,  the  con- 
trate  wheel ; and  the  laft,  17,  the  crown-wheel. 

4.  Hence,  from  the  number  of  turns  any  pinion 
Brakes,  in  one  turn  of  the  wheel  it  works  in,  may  be 
determined  the  number  of  turns  a wheel  or  pinion  has 
at  any  greater  dillance,  viz,  by  multiplying  the  quo- 
tients together  ; the  product  being  the  number  of  turns. 
Thus,  fuppofe  the  wheels  and  pinions  as  in  the  cafe 
above-;  the  quetient  is.  multiplied  by  9,  gms  99,  the 


number  of  turns  in  the  fecond  pinion  5 to  one  turn  ^ 
the  wheel  55",  which  runs  concentrical,  or  on  the  farnf 
fpindle,  with  the  pinion  5.  Again,  99  multiplied  by  8, 
gives  792,  tbe  number  of  turns  the  laft  pinion  has  to 
one  turn  of  the  firft  wReel  5.  Hence  we  proceed  to 
find,  not  only  the  turns,  but  the  number  of  beats  of 
the  balance,  qn  the  time  of  thofe  turns.  For,  having 
found  the  number  of  turns  the  crown-wheel  has  in  one 
turn  of  the  wheel  propofed,  thofe  turns  multiplied  by 
its  notches,  give  half  the  number  of  beats  in  that  one 
turn  of  the  wheel.  Suppofe,  for  example,  the  crowii- 
wdieel  to  have  720  turns,  to  one  of  the  firft  wReel  ; 
this  number  multiplied  by  15,  the  notches  in  the  crown- 
wReel,  produces  10800,  half  the  number  of  ftrokes  of 
the  balance  in  one  turn  of  the  firft  wheel  of  80  teeth. 

The  general  divifion  of  a Movement  is,  into  the 
clock,  aiH  watch  parts. 

MOULDINGS,  in  Architecture,  are  certain  pro- 
jections beyond  the  naked  of  a w^all,  cdlumn,  wainfeot 
&c,  the  aftemblage  of  which  forms  cornices,  door-cafes, 
and  other  decorations  of  architeCfurc. 

Mouldings,  are  annexed  to  great  guns  by  way  of 
oriMiinent,  and  perhaps  in  fome  parts  for  ttrength  ; and 
probably  are  derived  from  the  hoops  or  rings  which 
bound  the  long  iron  bars  together,  anciently  ufed  in 
making  cannon. 

MOYNEAU.  See  Moineau. 

MULLER  (John),  commonly  called  Regiomon- 
tanus, from  Mons  Regius,  or  Koningfberg,  a town 
in  Franconia,  where  he  was  born  in  1436,  and  became 
the  greateft  aftronomer  and  mathematician  of  his  time. 
Lie  was  indeed  a very  prodigy  for  genius  and  learning. 
Having  firft  acquired  grammatical  learning  in  his  own 
country,  he  was  admitted,  while  yet  a boy,  into  the 
academy  at  Leipfic,  where  he  formed  a ftrong  attach- 
ment to  the  mathematical  fciences,  arithmetic,  geome- 
try, aftronomy,  See.  But  not  finding  proper  affiftance 
in  thefe  ftudies  at  this  place,  he  removed,  at  only  1 5 
years  of  age,  to  Vienna,  to  ftudy  under  the  famous 
Piirbach,  the  profeflbr  there,  who  read  leCtures  in  thofe 
fciences  with  the  higlieft  reputation.  A ftrong  and 
affectionate  friendftiip  foon  took  place  between  thefe 
two,  and  our  author  made  Rich  rapid  improvement  in 
the  fciences,  that  he  was  able  to  be  aflifting  to  his 
matter,  and  to  become  his  companion  in  all  his  labours. 
In  this  manner  they  fpent  about  ten  years,  together  ; 
elucidating  obfeurities,  obferving  the  motions  of  the 
heavenly  bodies,  and  comparing  and  corre6fing  the 
tables  of  them  ; particularly  thofe  of  Mars,  which  they 
found  to  difagree  with  the  motions,  fometimes  as  much 
as  two  degrees. 

About  this  time  there  arrived  at  Vienna  the  cardinal 
Beftarion,  who  came  to  negociate  fome  affairs  for  the 
pope  ; who,  being  a lover  of  aftronomy,  foon  formed 
an  acquaintance  with  Purbach  and  Regiomontanus. 
He  had  begun  to  form  a Latin  Verfion  of  Ptolomy’s 
Almageft,  or  an  Epitome  of  it ; but  not  having  time 
to  go  on  with  it  himfelf,  he  requefted  Purbach  to 
complete  the  work,  and  for  that  purpofe  to  return 
with  him  into  Italy,  to  make  himfelf  matter  of  the 
Greek  tongue,  which  he  was  as  yet  unacquainted 
with.  To  thefe  propofals  Purbach  only  affented,  on 
condition  that  Regiomontanus  would  accompany  him, 
and  ffiare  in  all  the  labours.  They  firft  however,  by 
I means 
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means  of  an  Arabic  Verfion  of  Ptolomy,  made  fome 
progrefs  in  the  work ; but  this  was  foon  interrupted 
by  the  death  of  Purbach,  which  happened  in  1461,  in 
the  59th  year  of  his  age.  The  whole  tafle  then  devol- 
ved upon  Regiomontanus,  who  finilhed  the  work,  at 
the  requell  of  Purbach,  made  to  him  when  on  his  death- 
bed. This  work  our  author  afterwards  revifed  and 
perfefled  at  Rome,  when  he  had  learned  the  Greek 
language,  and  confulted  the  commentator  Thcon,  &zc. 

Regiomontanus  accompanied  the  cardinal  Belfarion 
in  his  return  to  Rome,  being  then  near  30  years  of 
age.  Plere  he  applied  himfelf  diligently  to  the  lludy 
of  the  Greek  language ; not  negledling  however  to 
make  altronomical  obiervations  and  compofe  various 
works  in  that  fcience;  as  his  Dialogue  againft  the  Theo- 
ries of  Cremonenfis.  The  cardinal  going  to  Greece 
foon  after,  Regiomontanus  w'ent  to  Ferrara,  where  he 
continued  the  lludy  of  the  Greek  language  under 
Theodore  Gaza  ; who  explained  to  him  the  text  of 
Ptolomy,  with  the  commentaries  of  Theon  ; till  at 
length  he  became  fo  perfect  in  it,  that  he  could  com.pofe 
verfes,  and  read  it  like  a critic.- — In  1463  he  went  to 
Padua,  where  he  becamie  a member  of  the  univerfity  ; 
and,  at  the  requell  of  the  Undents,  explained  Alfraga- 
nus,  an  Arabian  philofopher. — In  1464  l.'e  removed  to 
Venice,  to  meet  and  attend  his  patron  Belfarion.  Here 
he  wrote,  with  great  accuracy,  his  Treatife  of  Tri- 
angles, and  a Refutation  of  the  Qyiadrature  of  the 
Circle,  which  Cardinal  Cufan  pretended  he  had  demon- 
llrated.  The  fame  year  he  returned  with  Belfarion  to 
Rome  ; where  he  made  fome  Hay,  to  procure  the  moll 
curious  books  : thofe  he  could  not  purchafe,  he  took 
the  pains  to  tranferibe,  for  he  wrote  with  great  facility 
and  elegance  ; and  others  he  got  cqpied  at  a great  ex- 
pence. For  as  he  was  certain  that  none  of  thefe  books 
could  be  had  in  Germany,  he  thought  on  his  return 
thither,  lie  would  at  his  leifure  tranllate  and  publiHr 
fome  of  the  bell  of  them.  During  this  time  too  he  had 
a fierce  contefi:  with  George  PVabezonde,  whom  he  had 
greatly  offended  by  animadverting  on  fome  paffages  in 
his  tranllatlon  of  Theon’s  Commentary. 

Being  now  weary  of  rambling  about,  and  having 
procured  a great  number  of  raanuferipts,  which  was 
one  great  object  of  his  travels,  he  returned  to  Vienna, 
and  performed  for  fome  time  the  ofiices  of  his  pro- 
fefforlhip,  by  reading  of  lectures  See.  After  being  a 
while  thus  employed,  he  went  to  Buda,  on  the  invita- 
tion of  Matthias  king  of  Hungary,  who  was  a great 
lover  of  letters  and  the  fciences,  and  had  founded  a 
rich  and  noble  library  there  ; for  he  had  bought  up 
all  the  Greek  books  that  could  be  found  on  the  lack- 
ing of  Conllantinople  ; alfo  thofe  that  were  brought 
from  Athens,  or  wherever  elfe  they  could  lie  met  with 
through  the  whole  Turkilh  dominions,  colledting  them 
all  together  into ’a  library  at  Buda.  But  a war  break- 
ing out  in  this  country,  he  looked  out  for  fome  other 
place  to  fettle  in,  where  he  might  purfue  his  lludies, 
and  for  this  purpofe  he  retired  to  Noremberg.  lie 
tells  us,  that  the  reafons  whicli  Induced  him  to  (lelire 
to  refide  in  this  city  the  remainder  of  his  life  were, 
that  the  artills  there  were  dextrous  in  fabricating  his 
allronomical  machines ; and  befides,  he  could  from 
thence  eafily  tranfmit  his  letters  by  the  merchants  into 
Ibreign  countries.  - Being  now*  well  verfed  in  ail  parts 
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of  learning,  and  made  the  utmofi  proficiency  in  ma- 
thematics, he  determined  to  occupy  himielf  iii  publifn- 
ing  the  bell  of  the  ancient  authors,  as  well  as  his-  own 
lucubration.^.  For  this  purpofe  he  fet  up  a printing- 
houfe,  and  formed  a nomenclature  of  the  books,  lie 
intended  to  publilh,  which  Hill  remains. 

Here  tliat  excellent  man,  Bernard  Walther,  one  of 
the  principal  citizens,  who  was  well  fivilicd  in  the  fciciices, 
efpecially  allronomy,  cultivated  an  intimacy  with  Re- 
giomontanus ; and  as  foon  as  he  imderilood  thofe  laud- 
able defigns  of  his,  he  took  upon  himfelf  the  expcnce 
of  conilrufling  the  atlronomical  inttruments,  and  of 
eredting  a printing-houfe.  ^knd  firll  he  ordered  ailro- 
nomiczl  rules  to  be  made  of  tin,  for  oblerving  the  al- 
titudes of  the  fun,  moon  and  planets.  Fie  next  con- 
ftrudled  a rectangular,  or  aftronomical  radius,  for  taking 
the  dillances  of  thole  hiininancs.  Then  an  armillary 
ailrolabe,  inch  as  was  uled  by  Ptolomy  and  Hipparchus, 
for  obferving  the  places  and  motions  of  tlie  liars. 
Dallly,  he  made  other  fmaller  inflrumcnts.  as  the  tor- 
qiiet,  and  Ptolomyk  meteorofeope,  with  fome  others' 
which  had  more  of  curioiity  tlian  utility  in  them. 
From  this  apparatus  it  evidently  appears,  that  Regio- 
montanus was  a moll  diligent  obferver  of  the  laws 
and  motions  of  the  cclcllial  bodies,  if  there  were  not 
Hill  Hronger  evidences  of  it  in  the  accounts  or  the  ob- 
fervations  themfelves  which  he  made  with  them. 

With  regard  to  the  printing-houfe,  which  was  the 
other  part  of  his  dcligii  in  lettling  at  Noremberg,  rh 
foon  as  he  had  completed  it,  he  put  to  prefs  two  works 
of  his  own,  and  two  others.  The  latter  were,  The 
Akw  Theories  of  his  mailer  Purbftch,  and  the  AJironomi- 
con  of  Maniliiis.  And  his  own  were,  the  Abcu  Calendar^ 
in  which  were  given  (as- he  fays  in  the  Index  of  the 
books  which  lie  intended  to  publilh)  the  true  con- 
jundtions  and  oppolitions  of  the  luminaries,  their  eclipfes, 
their  true  places  every  day,  <$cc.  His  other  w'ork  was 
liis  Ephemerides,  of  which  he  thus  fpeaks  in  the  laid 
index  : “ The  Ephemeiides,  which  they  vulgarly  call 
an  Almanac,  for  30  years  : where  you  may  every  day 
fee  the  true  motion  of  all  the  planets,  of  the  moon’s 
nodes,  with  the  afpecls  of  the  moon  to  the  fun  and 
planets,  the  eclipfes  of  the  luminaries  ; and  in  the  fronts 
of  the  pages  are  marked  the  latitudes.”  He  publilhed 
alfo  moH  acute  comm.entaries  on  Ptolomy’s  Almageil ; 
a work  which  cardinal  Belfarion  fo  highly  valued,  that 
he  fcrupled  not  to  eltcem  it  worth  a whole  province. 
He  prepared  alfo  new  verlions  of  Ptolomy’s  Cof- 
mography  ; and  at  his  leifure  hours  examined  and  ex- 
plained works  of  another  nature.  Fie  enquired  how 
high  the  vapouis  are  carried  above  the  earth,  which  he 
fixed  to  be  not  more  than  12  German  miles.  He  fet 
downi  obiervations  of  two  comets  that  appeared  in  the 
years  1471  and  1472. 

In  1474,  pope  Sixtus  the  4th  conceived  a defign  of 
reforming  the  calendar  ; and  fent  for  Regiomontanus 
to  Rome,  as  the  propercH  and  ablell  peifon  to  ac- 
complilli  his  purpofe.  Regiomontanus  wxis  very  un- 
willing to  interrupt  the  lludies,  and  pi  inting  of  books, 
he  was  engaged  in  at  Noremberg  ; but  receiving  great 
promifes  from  the  pope,  who  alfo  for  the  prefent  named 
him  bilhop  of  RatiHion,  he  at  length  confented  to 
gT).  He  arrived  at  Rome  in  1475,  but  died  there  the 
year  after,  at  only  40  years  of  age  j not  without  a 
S z fufpicioR 
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fufpicion  of  bang  poifoned  by  tbe  fbns  of  George 
Trabezonde,  in  revenge  for  tbe  death  of  their  father, 
which  was  faid  to  have  been  caiifed  by  the  grief  he 
felt  on  axcount  of  the  criticifms  made  by  Regiomon- 
tanus on  his  tranOation  of  Ptolomy’s  Almageft. 

Piirbach  firft  of  any  reduced  the  trigonometrical 
tables  of  fines,  from  the  old  fexagehmal  divifion  of  the 
radius,  to  the  decimal  fcale.  He  fiippofed  the  radius 
to  be  divided  into  600000  equal  parts,  and  computed 
the  fines  of  the  arcs  to  every  ten  minutes,  in  fuch 
equal  parts  of  the  radius,  by  the  decimal  notation. 
This  projecd  of  Purbach  was  perfefted  by  Regiomon- 
tanus ; who  not  only  extended  the  Ones  to  every  mi- 
nute, the- radius  being  600000,  as  defigned  by  Purbach, 
but  afterwards,  difliking  that  fcherne,  as  evidently  im- 
perfedl,  he  computed  them  likewife  to  the  radius 
iccoooo,  for  every  minute  of  the  quadrant.  Regio- 
montanus alfo  introduced  the  tangents  into  trigonome- 
try, the  canon  of  which  he  called  facundus,  becaufe  of 
the  many  great  advantages  arifing  from  them.  Befide 
thefe  things,  he  enriched  trigonometry  with  many 
theorems  and  precepts.  Indeed,  excepting  for  the 
life  of  logarithms,  the  trigonometry  of  Regiomontanus 
is  but  little  inferior  to  that  of  our  own  time.  His 
Treatife,  on  both  Plane  and  Spherical  Trigonometry, 
is  in  5 books  ; it  wa.s  v/ritten  about  the  year  1464,  and 
printed  in  folio  at  Noremberg  in  1533.  In  the  5th 
book  are  various  problems  concerning  rectilinear  tri- 
angles, fom«  of  which  are  refolved  by  means  of  alge- 
bra : a proof  that  this  fcience  was  not  wholly  unknown 
in  Europe  before  the  treatife  of  Lucas  de  Burgo. 

Regiomontanus  was  author  of  fome  other  works  be- 
fide thofe  before  mentioned.  Peter  Ramus,  in  the  ac- 
count he  gives  of  the  admirable  works  attempted  and 
performed  by  Regiomontanus,  tells  us,  that  in  his  work- 
?hop  at  Noremberg  there  was  an  automaton  in  perpe- 
tual motion : that  he  made  an  artificial  fly,  which 
taking  its  flight  from  his  hand,  would  fly  round  the 
room,  and  at  laft,  as  if  weary,  would  return  to  his 
mailer’s  hand  : that  he  fabricated  an  eagle,  which,  on 
the  emperor’s  approach  to  the  city,  he  fent  out,  high 
in  the  air,  a great  way  to  meet  him,  and  that  it  kept 
him  company  to  the  gates  of  the  city.  Let  us  no  more 
wonder,  adds  Ramus,  at  the  dove  of  Archytas,  fince 
Noremberg  can  (hew  a fly,  and  art  eagle,  armed  with 
geometrical  wings.  Nor  are  thofe  famous  artificers, 
who  v;ere  formerly  in  Greece,  and  Egypt,  any  longer 
of  fuch  account,  iince  Noremberg  can  boatt  of  her  Re- 
giomontanufes.  For  Wernerus  firft,  and  then  the  Scho- 
neri,  father  and  fon,  afterwards,  revived  the  fpirit  of 
Re^i^iomontancs. 

MULTANGULAR  Figure,  is  one  that  has  many 
angles,  and  confeqiiently  many  fides  alfo.  Thefe  are 
otherwife  called  polygons. 

MULTILATERAL  Figures,  are  fuch  as  have 
many  fides,  or  more  than  four  fides. 

MULTINOMIAL,  or  Multinomial  Roots,  are 
fuch  as  are  compofed  of  many  names,  parts,  or  mem- 
bers •,  zs,  a + b c d See. 

For  the  raifing  an  infinite  Multinomial  to  any  pro- 
pofed  power,  or  extracting  any  root  out  of  fuch 
pouter,  fee  a m.ethod  by  Mr.  De  Moivre,  in  the  Philof. 
Tranf.  numb.  230.  See  alfo  Polynomial. 

MULTIPLE,  Multiple?:,  a number  which  coiii* 


prebends  fome  other  number  feveral  times.  Thus,  6 is  a 
Multiple  of  2,  this  being  contained  in  6^  juft  3 times. 
Alfo  I 2 is  a common  Multiple  of  6,  4,  and  3 ; com- 
prehending the  firft  twice,  the  fecond  thrice,  and  the 
third  four  times. 

Multiple  Ratio  or  Proportion,  is  that  which  L 
between  Multiple  numbers  &c.  If  the  lefs  term  of  a 
ratio  be  an  aliquot  part  of  the  greater,  the  ratio  of  the 
greater  to  the  lefs  is  called  Multiple  ; and  that  of  the 
lefs  to  the  greater  Sub  multiple. 

A Submultiple  number,  is  that  which  is  contained 
in  the  Multiple.  Thus,  tfie  numbers  2,  3,  and  4 are 
Submultiples  of  12  and  24. 

Duple,  triple,  &c  ratios  ; as  alfo  fubduples,  fub- 
triples,  &c,  are  fo  many  fpecies  of  Multiple  and  Sub- 
multiple ratios. 

Multiple  Snperpartlcidar  Proportion,  is  when  one 
number  or  quantity  contains  another  more  than  once, 
and  a certain  aliquot  part  ; as  lo  to  3,  or  3 | to  i . 

Multiple  Superpartient  Proportion,  is  when  one 
number  or  quantity  contains  another  feveral  times,  and 
fome  parts  befides  ; as  29  to  6,  or  4^  to  i. 

MULTIPLICAND,  is  one  of  the  two  faaors  in 
the  rule  of  multiplication,  being  that  number  given  to 
be  multiplied  by  the  other,  called  the  multipllcator,  or 
multiplier. 

MULTIPLICATION,  is,  in  general,  the  taking  or 
repeating  of  one  number  or  quantity,  called  the  Multi-' 
plicand,  as  often  as  there  are  units  in  another  number, 
called  the  Multiplier,  or  Multiplicator ; and  the  num- 
ber or  quantity  refulting  from  the  Multiplication,  is 
called  the  ProduH  of  the  two  foregoing  numbers  or 
faftors. 

Multiplication  is  a compendious  addition  ; perform- 
ing at  once,  what  in  the  iifual  way  of  addition  would 
require  many  operations  : for  the  multiplicand  is  only 
added  to  iti'elf,  or  repeated,  as  often  as  is  exprefled 
by  the  units  in  the  multiplier.  Thus,  if  6 were  to. 
be  multiplied  by  5,  the  prodiuft  is  30,  which  is  the 
fum  arifing  from  the  addition  of  the  number  6 five 
times  to  itfelf. 

In  every  Multiplication,  i is  in  proportion  to  the  muU 
plier,  as  the  multiplicand  is  to  the  prodiiH. 

Multiplication  is  of  various  kinds,  in  whole  num- 
bers, in  fradlions,  decimals,  algebra,  &c. 

I.  'blv'LTiYT.AQ AT \o^  of  Whole  Numbers,  is  perform- 
ed by  the  following  rules  ; When  the  multiplier  con- 
fifts  of  only  one  figure,  fet  it  under  the  firft,  or  right- 
hand  figure,  of  the  multiplicand  ; then,  drawing  a line 
underneath,  and  beginning  at  the  faid  firft  figure,  mul- 
tiply every  figure  of  the  multiplicand  by  the  multi- 
plier ; fetting  down  the  feveral  produdls  below  the 
line,  proceeding  orderly  from  right  to  left.  But  if  any 
of  thefe  produdls  amount  to  10,  or  feveral  lo’s,  either 
with  or  without  fome  overplus,  then  fet  down  only  the 
overplus,,  or  fet  down  o if  there  be  no  overplus ; and 
carry,  to  the  next  product,  as  many  units  as  the 
former  contained  of  tens.  Thus,  to  multiply  35092  by  4. 

Multiplicand  35092 

Multiplier  4 

Produdf  140368 


When 
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When  the  multiplier  con  fills  of  feveral  figures ; mul- 
tiply the  multiplicand  by  each  figure  or  it,  as  before,  and 
place  the  feveral  lines  of  produdls  underneath  each  other 
in  fuch  order,  that  the  firll  figure  or  cipher  of  each 
line  may  fall  flraight  under  its  refpedlive  multiplier,  or 
multiplying  figure  ; then  add  thefe  feveral  lines  of  pro- 
ducts together,  as  they  ftand,  and  the  fum  of  them  all 
will  be  the  produel  of  the  whole  multiplication.  Thus, 
to  multiply  63017  by  236  : 

Multiplicand  - - 63017 

Multiplier  - - 236 


ProduT  of  63017  by  6 
ProduCl  of  63017  by  30 
Product  of  63017  by  200 

Whole  product 


378102 

189051 

126034 

J4872012 


The  feveral  lines  of  produCts  may  be  fet  down  in 
any  order,  or  any  of  them  firft,  and  any  other  ol  them 
fecond,  See  ; for  the  order  of  placing  them  can  make  no 
difference  in  the  fum  total.  There  are  many  abbre- 
viations, and  peculiar  cafes,  according  to  circumflances, 
which  may  be  feen  in  moft  books  of  arithmetic. 

The  mark  or  charaCter  now  ufed  for  Multiplication, 
is  either  the  X crofs  or  a lingle  point  * ; the  former 
being  introduced  by  Oughtred,  and  the  latter  I think 
by  Leibnitz. 

To  Provt  Multiplication.  This  may  be  done 
various  ways  ; either  by  dividing  the  produCt  by  the 
multiplier,  then  the  quotient  wull  be  equal  to  the  mul- 
tiplicand ; or  divide  the  fame  produCt  by  the  multipli- 
cand, and  the  quotient  will  come  out  equal  to  the  multi- 
plier ; or  in  general  divide  the  produCt  by  either  of  the 
tw’o  factors,  and  the  quotient  wull  come  out  equal  to  the 
other  faCtor,  when  the  operations  are  all  right-  But 
the  more  ufiial,  and  compendious  w^ay  of  proving  Mul- 
tiplication, is  by  what  is  called  cafiing  out  the  nines  ; 
which  is  thus  performed  : Add  the  figures  of  the  mul- 
tiplicand all  together,  and  as  often  as  the  fiim  amounts 
to  9,  rejeCt  it  always,  and  fet  down  the  lafl  overplus  as- 
in  the  margin  ; this  in  the  foregoing 
example  is  8.  Then  do  the  fame  by 
the  multiplier,  fetting  dowm  the  lall  7 

overplus,  wdiich  is  2,  on  the  right  3 2 

the  former  remainder  8.  Next  multi- 
ply thefe  tw'O  remainders,  2 and  8,  7 

together,  and  from  their  produCt 
16,  cafl:  out  the  9,  and  there  remains 
7,  w'hich  fet  down  over  the  two  former.  Laffly,  add 
up,  in  the  fame  manner,  all  the  figures  of  the  whole 
produCl  of  the  multiplication,  viz  14872012,  calling 
out  the  9’s,  and  then  there  remains  7,  to  be  fet  down 
under  the  two  firft  remains.  Then  when  the  figure 
at  top,  is  the  fame  as  that  at  bottom,  as  they  are  here 
both  7’s,  the  work  it  may  be  prefumed  is  right  ; but 
if  thefe  tW’'o  figures  Ihould  not  be  the  fame,  it  is  cer- 
tainly wrong. 

2.  To  Multiply  Money,,  or  any  other  thing,  conjijllng  of 
tVJftrent  Pjenominations  together,  hy  any  number,  iifually 
called  Compound  PPultlpUcation.  Beginning  at  the  loweft, 
multiply  the  number  of  each  denomination  feparately 
by  the  multiplier,  fetting  down  the  produCts  below 
them.  But  if  any  of  thefe  produCls  amount  to  as  much 


s 

12 


1 1 


d 

4r 

9- 


4i- 


as  1 or  more  of  the  next  higher  denominations.  Carry  - 
fo  many  to  the  next  produa;,  and  fet  down  only  the 
overplus.  For  Ex.  d’o  find  the  amount  of  9 things  at 
il  12  s 4td.  each  ; or  to  multiply  il  12  s 4^d  by  9: 
fet  the  multiplier  9 under  the 
given  fum  as  in  the  margin,  and  1 

multiply  thus  ; 9 halfpence  i 

make  4d  halfpenny^  fet  down 
L penny,  and  carry  4 ; then  9 — > 

times  4 are  36,  and 4 to  carry  14 

make  40  pence,  wLich  are  3 s and  — • 

4d,  let  down  4 and  carry  3 ; 

next  9 limes  12  are  108,  and  3 to  carry,  make  iii 
fliillings,  or  5 1 1 1 s,  fet  down  i t,  and  carry  5 ; laftly 
9 times  I are  9,  and  5 to  carry,  make  14,  which  fet 
dowm  ; and  then  the  whole  amount,  or  produCb,  comes 
to  1 4 1 1 1 s 4 1 d. 

3.  To  Midtiply  Vidgar  Frafl'ions.^ — Multiply  all  the 
given  numerators  together  for  the  numerator  of  the 
product,  and  all  the  denominators  together  for  the  de- 
nominator of  the  produCl  fought. 


Thus,  — ■ multiplied  by  — , or  — X 


And 


l.X 


r 


3 


5 

make 


3 

18 


4 1 8 

— make — . . 

r 15 


A ^ 7 175 

And  here  it  may  be  noted  that,  when  there  are  any  ■ 

common  numbers  in  the  numerators  and  denominators, 
thefe  may  be  omitted  from  both,  which  will  make  the 
operation  fliorter,  and  bring  out  the  whole  produCt  in 
a fraction  much  fimpler  and  in  lower  terms.  Thus, 


3 

2 


X 


1_ 

4 


X 


by 


leaving 


out  the  two  3’s,  become 


X 5 


10 

or 


S_ 
1 2 


4x6  24 

Alfo,  when  any  numerators  and  denominators  will 
both  abbreviate  or  divide  by  one  and  the  fame  number, 
let  them  be  divided,  and  the  quotients  ufed  inftead  of 
them.  So,  in  the  above  example,  after  omitting  the 
two  3’s,  let  the  2 and  6 be  both  divided  by  2,  and  life 
the  quotients  i and  3 inftead  of  them,  fo  fhall  the  ex': 

rr-  1 1X5  5 

prenion  become  — 


= — , as  before. 


4 X 3 12 

4.  To  Multiply  Decimals. — Multiply  the  given  num- 
bers together  the  fame  as  if  they  were  whole  numbers, 
and  point  off  as  many  decimals  in  the  whole  produCt  as 
there  are  in  both  faC:ois  together  ; 


as  in  the  annexed  example,  where 
the  number  of  decimals  is  five, 
becaiife  there  are  three  in  the 
multiplicand,  and  two  in  the  mul- 
tiplier.— "When  it  happens  that 
there  are  not  fo  many  ligurcs  in 
the  product  as  there  mull  be  de- 
cimals, then  prefix  as  many  ci-. 
pliers  as  will  fupply  the  defeCt. 


2*20C 

2 1 '86 


T 


1830. 
18440. 
2305 
46  10 

50*38730 


5.  Crofs  Multiplication,  otherwife  called  Dac^ 
decimal  Arithmetic,  is  the  multiplying  of  numbers  toge- 
ther whofe  fubdivifions  proceed  by  12’s;  as  feet, 
inches,  and  parts,  that  is  12th  parts,  &c  ; a thing 
of  very  frequent  ufe  in  fquariiig,  or  multiplying  toge- 
" 2 thet' 
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F 

5 

-1 


I 

3 

4 


thcr  tiic  dimenfions  of  the  works  of  bricklayers,  car- 
penters, and  other  artiiicers.  ior  Example*  To  mul- 
tiply feet  3 inches  by  Z leet 
4 inches.  Set  them  down  as  in  the 
margin,  and  multipl}"  all  the  parts 
of  the  mtiltiplicand  by  each  part  of 
the  multiplier;  thus,  2 times  3 
make  6 inches,  and  2 times  5 make 
10  feet  ; then  4 times  3 make  12 
parts,  ©r  i inch  to  carry  ; and  4 
times  5 hiake  20,  and  i to  carry 
makes  21  inches,  or  if.  pine,  to  ~ ’ 

fet  down  below  the  former  line  ; 
l^aftly  adding  the  two  lines  together,  the  whole  fiim  or 
product  amounts  to  I2f.  3inc. 

6.  Multiplication  in  Algebra.  This  is  periormed, 
I.  When  the  quantities  are  fimple,  by  only  joining  the 
letters  together  like  a word  ; and.  if  the  fimple  quanti- 
ties have  a,iiy  coefficients  or  numbers  joined  with  them, 
■multiply  the  numbers  together,  and  prefix  the  product 
of  them  to  the  letters  fo  joined  together.  Fut,  in  al- 
gebra, we  have  not  only  to  attend  to  the  qu^mtities 
themfelves,  but  al.fo  to  the  iigns  ot  them  ; and  the  ge- 
neral rule  for  the  ,figns  is  this  : When  the  ligiis  are 
alike,  or  the  fame,  either  both  4*  or  both  — , then 
the  lign  of  the  product  will  always  be  -j"  > but  when 
the  figns  are  different,/  or  unlike,  the  one  A,  and  the 
other  — , then  the  fign  of  the  product  will  be  — . 
Hence  thefe 

Examples. 


multiplied  together,  and  the  mark  of  the  fame  furd 
-prefixed  to  the  product  ; but  if  not,  then  tlic  different 
furds  may  be  fet  down  witli  fome  mark  of  muluplica-' 
tion  between  them,  to  denote  tlieir  product. 


Examples. 


10  6 

7 ax 

>/7 

^/iza 

I 9 

5 

C5 

1/  r\ac 

C.v'/ 

12  3 

35 

ViS 

\/ 2%aHc 

a/ 

6a  a/  2 ex 
zb 

6a  izah^^JCnic-A- 


Mult, 

By 


4-  a 

4-  h 


— za  4-  6x 

- 4^  - 3^ 


— Sx 

4-  5^ 


— 3^^ 

— ^ac 


Produas  4-  ab  -i-Sab  -iSax  ^z^oax  + 


2.  In  Compound  quantities,  multiply  every  term 
or  part  of  the  multiplicand  by  each  term  feparately  of 
the  multiplier,  and  fet  down  all  thepiodu6f3  with  their 
figns,  colleding  always  into  one  fum  as  many  terms  as 
are  limilar  or  like  to  one  another. 


Examples, 


/t  + b 

a -h 

a b 

a A b 

a — b , 

a — b 

aZ  4-  ab 

a^  — ah 

aZ  4*  ab 

ah  b^ 

— ab  4" 

— ah  — b"^ 

4“  '^^ab  4*  b^ 

at^  — zab  4-  b'^ 

<7*  • - 

2a  —35 

2a  4"4‘'^ 

'-ax 

4^  4-5^ 

2 a — 4^" 

2a\zx 

■^a^  — l2ah 

4^^  4- 

zei^  — za'^x 

4-  loab  — 15^^ 

- — 8ux  — 1 

4-  zd^x  — 

^aZ—  2ab  — isb~ 

' 4«^  . — i6x‘^ 

20?  . — zax^ 

4.  Poveers  or  P.oots  of  the  fame  quantity  are  multi 
plied  together,  by  adding  their  exponents. 


Thus,u:^  X a^ 


:a^ ; and  a 


x~  X x^ 


-t-  .V 

J I ' _i 

: ; and X 

u Numbers 


X n 4-  .xU-u  4-  x\ 


or  a. 

by  ZjOgariAms,' — Th'is 


3.  In  Surd  quantities,  if  the  terms  can  be  reduced 
to  a common  furd,  the  quantities  under  each  may  be 


alio 

To  Multiply  Numbers  together  ^ 
is  performed  by  adding  together  the  logarithms  of  the 
o^iven  numbers,  and  taxing  the  number  aufwering  to  tnat 
fum,  Vvdiich  will  be  the  producl  fought. 

Des  Cartes,  at  the  beginning  of  his  Geometry,  per- 
forms*Multiplication  (and  indeed  all  the  other  common 
arithmetical  rules)  in  geometry,  or  by  lines  ; but  this  is 
no  more  than  taking  a 4th  proportional  to  three  given 
lines,  of  which  the  firft  reprefents  unity,  and  the  2d 
and  3d  the  two  fahbors  or  terms  to  be  multiplied,  tlie 
produdl  being  expreffed  by  the  4th  proportional  ; be- 
caufe,  in  every  multiplication,  unity  or  i is  to  either  of 
the  two  fadfors,  as  the  other  fadtor  is  to  the  produdf 

MULTIPLICATOR,  is  the  number  or  quantity 
by  which  another  is  multiplied  ; and  is  otherwife  called 
the  multiplier. 

MULTIPLIER,  or  Multi plicator,  is  the  num- 
ber or  quantity  which  multiplies  another,  called  the 
multiplicand,  in  any  operation  of  multiplication. 

MUNSTER  (Seba  stian),  an  eminent  German 
divine  and  mathematician,  \vas  born  at  Ingelheim  in 
, 1489.  At  the  age  of  14  he  was  fent  to  Heidelberg  to_ 
’ftudy.  Twm  years  after,  he  entered  the  convent  of 
the  Cordeliers  ; where  he  affiduoufly  ftiidied  divinity, 
mathematics,  and  geography.  He  was  the  firff  who 
pnbliffied  a Chaldee  Grammar  and  Lexicon  ; and  he 
ffiortly  after  gave  the  world  a Tedmudic  Didlionary.  He 
afterwards  became  profeffor  of  the  Hebrew  language  at 
B’afil.  He  was  one  of  the  firft  who  attached  himfelf  to 
Luther,  and  embraced  Proteftantilm : yet  behaved 
himfelf  with  great  moderation  ; never  concerning  him- 
felf with  their  difputes  ; but  fliut  himfelf  up  at  home 
and  purfued  Ids  favourite  ftudiea,  which  wmre  ma- 
thematics, natural  philofophy,  with  the  Hebrew  and 
other  Oriental  languages.  He  publifiied  a great  num- 
ber of  books  on  thefe  fubjefts  ; particularly,  a Latin 
verfion,  from  the  Hebrew,  of  all  the  books  of  the  Old 
Teftament,  with  learned  notes,  printed  at  Bafil  in  1534 
and  1546  ; Jofephus’s  Hillory  of  the  Jew^s^  in  Latin  ; 
a Treatife  of  Dialling,  in  folio,  1536  ; Univerfal  Cof- 
mography,  in  6 books  folio,  Bafil  1550.  For  thefe 
wmrks  he  was  ftyled  the  German  Strabo  ; as  he  was  the 
German  Efdras,  for  his  Oriental  writings. 

M linker  was  a meek-tempered,  pacific,  ftudions, 

retired  man,  who  wrote  a great  number  of  books,  but 

never 
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never  meddled  m controverfy. — He  died  of  the  plague 
at  Bafil,  ia  1552,  at  63  years  of  age. 

MURDERERS,  a fmall  fpecies  of  ordnance  once 
iifed  on  fliipboard  ; but  now  out  of  ufe. 

MUSIC,  the  fcience  of  found,  confidered  as  capa- 
ble of  producing  melody,  or  harmony. 

Among  the  Ancients,  Muhc  was  taken  in  a much 
more  extenfive  fenfe  than  among  the  Moderns  ; what 
we  call  the  fcience  of  Mufic,  was  by  the  Ancients  ra- 
ther called  Harmonica. 

Mufic  is  one  of  the  feven  fciences  called  liberal,  and 
comprehended  alfo  among  the  mathematical  fciences, 
as  having  for  its  objedt  difcrete  quantity  or  number ; 
not  however  confidering  it  in  the  abftradt,  like  arithme- 
tic ; but  in  relation  to  time  and  found,  with  intent  to 
coiiftitute  a delightful  harmony. 

This  fcience  is  alfo  Theoretical  and  Pradlical.  Theo- 
retical, whidh  examines  the  nature  and  properties  of 
concords  and  difeords,  explaining  the  proportions  be- 
tween them  by  numbers.  And  Pradtical,  which  teaches 
not  only  compofition,  or  the  manner  of  compofing 
tunes,  or  airs  ; but  alfo  the  art  of  finging  with  the 
voice,  and  playing  on  mufical  inftruments. 

. It  appears  that  Mufic  was  one  of  the  moft  ancient 
of  the  arts  ; and,  of  all  others.  Vocal  Mufic  muft 
doubtlefs  have  been  the  firft  kind.  For  man  had  not 
only  the  various  tones  of  his  own  voice  to  m.ake  his 
obfervations  on,  before  any  other  art  or  inftrument  was 
found  out,  but  had  the  various  natural  drains  of  birds 
to  give  him  occafion  to  improve  his  own  voice,  and 
the  modulations  of  founds  it  was  capable  of.  The  fird 
invention  of  wind  indruments  Lucretius  aferibes  to 
the  obfervation  of  the  winds  whidling  in  the  hollow 
reeds.  As  for  other  kinds  of  indruments,  there  were 
fo  many  occafions  for  cords  or  drings,  that  men  could 
not  be  long  in  obferving  their  various  founds  ; which 
might  give  rife  to  dringed  indruments.  And  for  the 
pulfative  indruments,  as  drums  and  cymbals,  they 
might  arife  from  the  obfervation  of  the  naturally  hol- 
low noife  of  concave  bodies! 

As  to  the  inventors  and  improvers  of  Mufic,  Plu- 
tarch, in  one  place,  aferibes  the  fird  invention  of  it  to 
Apollo  ; and  in  another  place  to  Amphion,  the  fon  of 
Jupiter  and  Antiope.  The  latter  indeed,  it  is  pretty 
generally  allowed,  fird  brought  Mufic  into  Greece,  and 
invented  the  lyre. 

To  him  fucceeded  Chiron,  the  demigod  ; then  Demo- 
do  cus  ; Hermes  Trifmegidus;  Olympus;  and  Orphe- 
us, whom  fome  make  the  fird  introducer  of  Mufic  into 
G-reece,  and  the  inventor  of  the  lyre  : to  whom  add 
Phemius,  and  Terpander,  who  was  contem.porary  with 
Lycurgus,  and  fet  his  laws  to  Mufic  ; to  whom  alio 
iome  attribute  the  fird  inditution  of  mufical  modes, 
and  the  invention  of  the  lyre  ; ladly,  Thales  ; and 
Thamyris,  who,  it  has  been  faid,  was  the  fird  inventor 
of  indrumental  Mufic  without  finging. 

Thefe  were  the  eminent  muficians  before  Homer’s 
time : others  of  a later  date  were,  Lafus  Hermionenfis, 
Melanippides,  Philoxenus,  Timotheus,  Phrynnis,  Epi- 
gonius,  Lyfander,  Simmicus,  and  Diodorus  ; who 
were  all  of  them  confiderable  improvers  of  Mufic. 
Lafus,  it  is  faid,  was  the  fird  author  who  wrote  upon 
Mufic,  in  the  time  of  Darius  Hydafpis  ; Epigonius  in- 
vented an  indrument  of40  drings,  called  theEpigoniiim. 


Simmicus  alfo  invented  an  indrument  o-f  35“  firings, 
called  a Slmnficium  ; Diodorus  improved  the  Tibia,  by 
adding  new  holes  ; and  Tim.otheus  the  Lyre,  by  adding 
a new  dring ; for  which  he  was  fined  by  the  Lacede- 
monians. 

As  the  accounts  we  have  of  the  inventors  of  mufical 
Indruments  among  the  Ancients  are  very  obfeure,  fo 
alfo  are  the  accounts  of  thofe  indruments  themfelves  ; 
of  mod  of  them  indeed  we  know  little  more  than  the 
bare  names. 

The  general  divifion  of  indruments  is,  into 'dringed 
indruments,  wind  indruments,  and  thofe  of  the  pulfatile 
kind.  Of  dr'  iged  indruments,  mention  is  made  of  the 
ly  raor  cithara,  the  pfalterium,  trigonum,  fambuca,  pec- 
tis,  magas,  barbiton,  tediido,  epigonium,  fimmicium, 
and  panderon  ; which  were  all  druck  with  the  hand,  or 
a plccdrum.  Of  wind  indrum.ents,  were  the  tibia,  fif- 
tula,  hydraulic  organs,  tiibce,  cornua,  and  lituus.  And 
the  pulfatile  indruments  were  the  tympanum,  cymba- 
lum,  creptaculum,  tintinnabulum,  crotalum,  and  fif- 
trum. 

Mufic  has  ever  been  in  the  hlghed  edeem  in  ad  ages, 
and  among  all  people  ; nor  could  authors  exprefs  their 
opinion  of  it  drongly  enough,  but  by  inculcating  that 
it  was  ufed  in  heaven,  and  as  one  of  the  principal  enter- 
tainments of  the  gods,  and  the  fouls  of  the  bled'ed. 
The  effedts  aferibed  to  it  by  the  Ancients  are  almod 
miraculous  : by  its  means,  it  has  been  faid,  difeafes 
have  been  cured,  unchadity  corrected,  feditions  quelled, 
paflioiis  raifed  and  calmed,  and  even  madnefs  occafion- 
ed.  Atheiueus  affures  us,  that  anciently  all  laws,  divine 
and  civil,  exhortations  to  virtue,  the  knowledge  of  di- 
vine and  human  things,  with  the  lives  and  adlions  of  il- 
ludrioLis  men,  were  written  in  verfe,  and  publicly  fung 
bv  a chorus  to  the  found  of  indruments  ; which  was 
found  the  mod  effedtual  means  to  imprefs  morality  on 
the  minds  of  men,  and  a right  fenfe  of  their  duty. 

Dr.  Wallis  has  endeavoured  to  account  for  the  fur- 
priiiiig  efletfs  attributed  to  the  ancient  Mufic  ; and  af- 
eribes them*  chiefly  to  the  novelty  of  the  art,  and  the 
I'iVperboles  of  the  ancient  writings  : nor  does  he  doubt, 
but  the  modern  Mufic,  in  like  cafes,  would  produce  ef- 
feclsat  lead  as  confiderable  as  the  ancient.  The  truth 
is,  we  can  match  mod  of  the  ancient  dories  of  this  kind 
in  the  modern  hidories.  If  Timotheus  could  excite 
Alexander’s  fury  with  the  Phrygian  mode,  and  footh 
film  into  indolence  with  the  Lydian  ; a more  modern 
mufician  has  driven  Eric,  king  of  Denmark,  into  fuch 
a rare,  as  to  kill  his  bed  fervants.  Dr.  Niewentvt 
fpeaks  of  an  Italian  who,  by  varying  his  Mafic  from 
briflv  to  folemn,  and  the  contrary,  could  fo  move  the 
foul,  as  to  caufe  didradtion  and  madnefs  ; and  Dr. 
South  has  founded  his  poem,  called  Mufica  Incantans, 
on  an  indance  he  knew  of  the  fame  kind. 

Mufic  howe/er  is  found  not  only  to  exert  its  force  on 
the  affedfions,  but  on  the  parts  of  the  body  alfo  : wit- 
nefs  the  Gafeon  knight,  mciitioned  by  Mr.  Boyle,  who 
could  not  contain  his  water  at  the  playing  of  a bagpipe  ; 
and  the  woman,  mentioned  by  the  fame  author,  who 
would  burd  into  tears  at  the  hearing  of  a certain  tune, 
with  which  other  people  were  but  a little  affedled.  To 
fay  nothing  of  the  trite  dory  of  the  Tarantula,  we 
have  an  indance,  in  the  Hidory  of  the  Academy 
of  Sciences,  of  a muficiaQ  being  cured  of  a violent 
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fever,  by  a little  concert  occafionally  played  in  his 
room. 

Nor  are  oiir  minds  and  bodies  alone  affected  with 
founds,  but  even  inanimate  bodies  are  fo.  Kircher 
fpeaks  of  a large  (tone,  that  would  tremble  at  the 
found  of  one  particular  organ  pipe  ; and  Morhoff 
mentions  one  Fetter,  a Dutchman,  who  could  break 
ruinmer-glaffes  with  the  tone  of  his  voice.  Merfenne 
alfo  mentions  a particular  part  of  a pavement,  that 
would  fliake  and  tremble,  as  if  the  earth  would  open, 
when  the  organs  played.  Mr.  Boyle  adds,  that  feats  will 
tremble  at  the  found  of  organs  ; that  he  has  felt  his 
hat  do  fo  under  his  hand,  at  certain  notes  both  of  or- 
gans and  difeourfe  ; and  that  he  vras  well  informed 
every  w^elkbuilt  vault  would  thus  anfwer  to  lome  deter- 
minate note. 

It  has  been  difputed  among  the  Learned,  whether 
the  Ancients  or  Moderns  heft  underllood  and  praclifed 
Mufic.  Some  maintain  that  the  ancient  art  of  Muhe, 
by  which  fuch  wonderful  effedls  were  performed,  is 
quite  loft  ; and  others,  that  the  true  fciencc  of  harmo- 
ny is  now  arrived  at  much  greater  perfection  than  was 
known  or  praclifed  among  the  Ancients.  This  point 
feems  no  other  way  to  be  determinable  but  by  compar- 
ing the  principles  and  practice  of  the  one  with  thofe  of 
the  other.  As  to  the  theory  or  principles  of  harmo- 
nics, it  is  certain  we  underftand  it  better  than  the  An- 
cients ; becaufe  we  know  all  that  they  knew,  and  have 
improved  confiderably  on  their  foundations.  The  great 
•difpute  then  lies  on  the  pradlice  ; with  regard  to  which 
it  maybe  ohferved,  that  among  the  Ancients,  Mufic, 
m the  moft  limited  fenfe  of  the  word,  included  Har- 
mony, Rythmus,  and  Verfe  ; and  confifted  of  verfes 
fung  by  one  or  more  voices  alternately,  or  in  choirs, 
fometimes  with  the  found  of  inftruments,  and  fometimes 
by  voices  only.  Their  mufical  faculties,  we  have  juft 
obferved,  were  Melopoeia,  Rythmopoeia,  and  Poefis ; 
the  firft  of  which  may  be  confidered  under  two  heads, 
Melody  and  Symphony.  As  to  the  latter,  it  feems  to 
contain  nothing  but  what  relates  to  the  condudl  of  a 
fingie  voice,  or  making  what  we  call  Melody.  It  does 
not  appear  that  the  Ancients  ever  thought  of  the  con- 
cert, or  harmony  of  parts ; which  is  a modern  in- 
vention, for  which  we  are  beholden  to  Guido  Aretine, 
a Benedidline  friar. 

Not  that  the  Ancients  never  joined  more  voices  or 
inftruments  than  one  together  in  the  fame  fymphony  ; 
but  that  they  never  joined  feveral  voices  fo  as  that  each 
had  a diftindl  and  proper  melody,  which  made  among 
them  a fucceffion  of  various  concords,  and  were  not  in 
every  note  unifons,  or  at  the  fame  diftance  from  each 
otlieV  as  odlaves.  This  laft  indeed  agrees  to  the  gene- 
ral definition  of  the  word  Symphonia  ; yet  it  is  plain 
that  in  fuch  cafes  there  is  but  one  fong,  and  all  the 
yoices  perform  the  fame  individual  melody.  But  when 
the  parts  differ,  not  by  the  tenfion  of  the  whole,  but 
by  the  different  relations  of  the  fuccefiive  notes,  this 
is  the  modern  art,  which  requires  fo  peculiar  a genius, 
and  on  which  account  the  modern  Mufic  feems  to  have 
much  the  advantage  of  the  ancient.  For  farther  fatif- 
fadlion  on  this  head,  fee  Kircher,  Perrault,  V/allis, 
Malcolm,  Cerceau,  and  others  ; who  unanimoufiy  agree, 
that  after  all  the  pains  they  have  taken  to  know  the  true 
ftate  of  the  Mufic  of  the  Ancients,  they  could  not  find 


tlie  lead  reafon  to  think  there  was  any  fuch  thing  in 
their  days  as  Mufic  in  parts. 

The  ancient  mufical  notes  are  very  myfterious  and 
perplexed : Boethius  and  Gregory  the  Great  firft  put 
them  into  a more  eafy  and  obvious  method.  In  the  year 
1204,  Guido  Aretine,  a Benedidline  of ' Arezzo  in 
Tufeany,  firft  introduced  the  ufc  of  a ftaff  with  five 
lines,  on  which,  with  the  fpaces,  he  marked  his  notes 
by  fetting  a point  up  and  down  upon  them,  to  denote 
the  rile  and  fall  of  the  voice  : though  Kircher  fays  tnis 
artifice  was  in  life  before  Guido’s  time. 

Another  contrivance  of  Guido’s  was  to  apply  the 
fix  mufical  fyllables,  ut,  re^  mi^  fa,  fol,  la,  which  he 
took  out  of  the  Latin  hymn, 

UT  quean t laxis  REfonare  fibris 

Mira  geftorum  FAmuli  tiiorum, 

SOLve  polluti  LAbii  reatum, 

O Pater  Alme. 

We  find  another  application  of  them  in  the  following 
lines. 

UT  RElcvitMIferum  FAtum,  SOLItofque  LAbores 

Aevi,  fit  dulcis  mufica  nofter  amor. 

Befides  his  notes  of  Mufic,  by  which,  according  to 
Kircher,  he  diftinguifhed  the  tones,  or  modes,  and  the 
feats  of  the  femitones,  lie  alfo  invented  the  fcale,  and  le  - 
veral  mufical  inftruments,  called  polypledlra,  as  fpinets 
and  harpfichords,. 

The  next  confiderable  improvement  was  in 
when  Joannes  Muria,  or  de  Muris,  dodlor  at  Paris  (or 
as  Bayle  and  Gefner  make  him,  an  Englifiiman),  in- 
vented the  different  figures  of  notes,  which  exprefs  the 
times  or  length  of  every  note,  at  leaft  their  true  r*elative 
proportions  to  one  another,  now  called  longs,  breves, 
femi-breves,  crotchets,  quavers,  &c. 

The  moft  aircient  writer  on  Mufic  was  Lalus  Her- 
mionenfis  ; but  his  works,  as  well  as  thofe  of  many 
others,  both  Greek  and  Roman,  are  loft.  Anftoxe- 
nus,  difciple  of  Ariftotle,  is  the  earlieft  author  extant 
on  the  fubjedl : after  whom  came  Euclid,  author  of  the 
Elements  of  Geometry  ; and  Ariftides  Qiiintilianus 
wrote  after  Cicero’s  time.  Alypiiis  ftands  next  ; after 
him  Gaudentius  the  philofoplier,  and  Nicomachus  the 
Pythagorean,  and  Bacchiiis.  Of  which  feven  Greek 
authors  we  have  a fair  copy,  with  a tranfiation  and 
notes,  by  Meibomius.  Ptolonly,  the  celebrated  af- 
tronomer,  wrote  in  Greek  on  the  principles  of  harmo- 
nics, about  the  time  of  the  emperor  Antoninus  Pius. 
This  author  keeps  a medium  between  the  Pythago- 
reans and  Ariftoxenians.  He  was  fucceeded  at  a coii- 
fiderable  diftance  by  Manuel  Bryennius. 

Of  the  Latins,  we  have  Boetius,  who  wrote  in  the 
time  of  Theodoric  the  Goth;  and  one  Caffiodorus, 
about  the  fame  time  ; Martianus,  and  St.  Auguiline, 
not  far  remote. 

And  of  the  moderns  are  Zarlin,  Salinas,  Vincenzo 
Galileo,  Doni,  Kircher,  Merfenne,  Paran,  De  Caux, 
Perrault,  Des  Cartes,  Wallis,  Holder,  Malcolm,  Rouf- 
feau,  &c. 

Musical  Numbers , are  the  numbers  2,  3,  and  5,  to- 
gether with  their  compofites.  They  are  fo  called,  be- 
caufe  all  the  intervals  of  mufic  may  he  expreffed  by 
fuch  numbers.  This  is  now  generally  admitted  by- 
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mufical  thcorifls.  Mr.  Euler  feems  to  fuppofe,  that  7 
or  other  primes  might  be  introduced  ; but  he  fpeaks 
of  this  as  a doubtful  and  difficult  matter.  Here  2 cor- 
refponds  to  the  oftave,  3 to  the  hfth,  or  rather  to  the 
12th,  and  5 to  the  third  major,  or  rather  the  feven- 
tcenth.  From  thefe  three  may  all  other  intervals  be 
found.  ' 

Musical  Proportion,  or  Flarmonical  Proportion,  is 
when,  of  four  terms,  the  firil  is  to  the  4th,  as  the  dif- 
ference of  the  ill  and  2d  is  to  the  difference  of  the  3d 
and4th:  as  2,  3,  4,  and  8 are  in  Mulical  proportion, 
bccaufe  2 : 8 ; : i : 4.  And  hence,  if  there  be  only 
three  terms,  the  middle  term  fupplying  the  place  of 
both  the  2d  and  3d,  the  iff  is  to  the  3d,  as  the  differ- 
ence of  the  iff  and  2d,  is  to  the  difference  of  the  2d 
and  3d  : as  in  thefe  2,  3,  6 ; where  2:6::  i : 3. 
See  Harmonical  Proportion. 

MUSSCHENBROEK  (Peter),  a very  diffin- 
gulffied  natural  philofopher  and  mathematician,  was 
born  at  Utrecht  a little  before  i 700.  He  was  flrff*  pro- 
feffor  of  thefe  fciences  in  his  own  univerfity,  and  after- 
wards invited  to  the  chair  at  Levden,  where  he  died 
full  of  reputation  and  honours  in  1761.  He  was  a 
Bieinber  of  feveral  academies,  particularly  the  Acade- 


my of  Sciences  at  Paris.  He  publifhed  feveral  works 
in  Eatin,  all  of  them  ffiewing'  his  great  penetratioa 
and  accuracy.  As, 

1.  Flis  Elements  of  Phylico-Matliematics,  in  1726. 

2.  Elements  of  Phyfics,  in  1736. 

3.  Inftitutions  of  Phyfics  ; containing  an  abridg- 
ment of  the  new  difeoveries  made  by  the  Moderns  j 
in  1748. 

4.  Introduction  to  Natural  Philofophy  ; which  he  be- 
gan to  print  in  1760;  and  which  was  completed  and 
publifhed  at  Leyden,  in  1762,  by  M.  Lulofs,  after  the 
death  of  the  author.  It  was  tranfiated  into  French  by 
M.  Sigaud  de  la  Fond,  and  publifhed  at  Paris  in  1769, 
in  3 vols  4to;  under  the  title  of  A Courfe  of  Experi- 
mental and  Mathematical  Phyfics. 

He  had  alfo  feveral  papers,  chiefly  on  meteorology, 
printed  in  the  volumes  of  Memoirs  of  tlie  Academy 
of  Sciences,  viz,  in  thofe  of  the  years  1734,  I735j 
1736,  1753,  1 756,  and  1 76t). 

MUTULE,  a kind  of  fqiiarc  modilllon  in  the  Do- 
ric frize. 

MYRIAD,  the  number  of  1 0,000,  or  ten  thou- 
fand. 


N. 

NAB 


N'ABONASSAR,  firff  king  of  the  Chaldeans  ; 

memorable  for  the  Jewifii  era  which  bears  his 
name,  which  began  on  AVednefday  February  26th  in 
the  3967th  year  of  the  Julian  period,  or  747  years  be- 
fore* Chrift  ; the  years  of  this  epoch  being  Egyptian 
ones,  of  365  days  each.  This  is  a remarkable  era  in 
chronology,  becaufe  Ptolomy  affures  us  there  were 
allronomlcal  obfervations  made  by  the  Chaldeans  from 
Nabonaflar  to  his  time  ; alfo  Ptolomy,  and  the  other 
affronom.ers,  account  theiPyears  from  that  epoch. 

Nabonaffar  was  the  firff  king  of  tlie  Chaldeans  or 
Babylonians.  Thefe  having  revolted  from  the  Medes, 
who  had  overthrown  the  Affyrian  monarchy,  did,  under 
Nabonaffar,  found  a dominion,  which  was  much 
incrcafed  under  Nebuchadnezzar.  It  is  probable 
this  Nabonaffar  is  that  Baladan  in  the  2d  Book 
of  Kings,  XX,  12,  father  of  Merodach,  who  fent  ain- 
baffadors  to  Hezekiah.  See  2 Chron.  xxii. 

NADIR,  that  point  of  the  heavens  diametrically 
under  our  feet,  or  oppofite  to  the  zenith,  which  is  di- 
redtly  over  our  heads.  The  zenith  and  Nadir  are 
the  two  poles  of  the  horizon,  each  being  90°  diffant 
from  It. 

The  Sun’s  Nadir,  is  the  axis  of  the  cone  projected 
by  the  fhadow  of  the  earth  ; fo  called,  becaufe  tliat  axis 
VoL.  IL 
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being  prolonged,  gives  a point  in  the  ecliptic  diametri- 
cally oppofite  to  the  fun. 

NAKED,  in  Architedlure,  as  the  Naked  of  a wall, 
Sec,  is  the  furface,  or  plane,  from  whence  the  projec- 
tures  arife  ; or  which  ferves  as  a ground  to  the  projec- 
tures. 

NAPIER,  or  Neper  (John),  baron  of  Merchifton 
in  Scotland,  Inventor  of  the  logarithms,  w^as  the  eldeff 
fon  of  Sir  Archibald  Napier  of  Merchiffon,  and  born  In 
the  year  1550.  Having  given  early  indications  of 
great  natural  parts,  his  father  was  careful  to  have  them 
cultivated  by  a liberal  education.  After  going  through 
the  ordinary  courfe  of  education  at  the  univerfity  of  St. 
Andrew’s,  he  made  the  tour  of  France,  Italy,  and  Ger- 
many. On  his  return  to  his  native  country,  his  lite- 
rature and  other  fine  accompllfhments  foon  rendered 
him  confpicuous  ; he  however  retired  from  the  world 
to  purfue  literary  refcarches,  in  which  he  made  an  ui’i 
common  progrefs,  as  appears  by  the  feveral  ufeful  dif- 
eoveries with  which  he  afterw'ards  favoured  mankind. 
He  chiefly  applied  himfelfto  the  ff udy  of  mathematics; 
without  however  negledling  that  of  the  Scriptures  ; 
in  both  of  which  he  difeovered  the  moff  extenfive 
knowledge  and  profound  penetration.  His  Effay  upon 
the  book  of  the  Apocalypfc  indlcatsfe  the  moff  acute 
T i-nveftigation  ^ 
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invefli2;atiGn  1 tliougli  time  hath  difcovered  that  his 
calculations  concerning  particular  events  iiad  pro- 
ceeded upon  fallacious  data.  But  what  has  chiefly 
rendered  his  name  famous,  was  his  great  and  fortunate 
difcbvery  of  logarithms  in  trigonometry,  by  which  the 
cafe  and  expedition  in  calculation  have  fo  v/onderfully 
affiiled  the  fcience  of  allronomy  and  the  arts  of  prac- 
tical geometry  and  navigation.  Napier,  having  a great 
attachment  to  allronomy,  and  fpherical  trigonometry, 
had  occafjori  to  make  many  numeral  calculations  of 
fuch  triangles,  vdth  fines,  tangents,  &c  ; and  thefe 
being  exprefTed  in  large  numbers,  they  hence  occafion- 
cd  a great  deal  of  labour  and  trouble  : To  fpare  them- 
felves  part  of  this  labour,  Napier,  and  other  authors 
about  his  time,  fet  themfelves  to  find  out  certain  fhort 
modes  oi  calculation,  as  is  evident  from  many  of  their 
w'ritings.  To  this  necefiity,  and  theie  endeavours  it 
is,  that  we  owe  feveral  ingenious  contrivances  ; parti- 
cularly the  computation  by  Napier’s  Rods,  and  feveral 
other  curious  and  fhort  methods  that  are  given  in  his 
Rahdologia  ; and  at  length,  after  trials  of  many  other 
means,  the  moft  complete  one  of  logarithms,  in  the 
adlual  conflrudlion  of  a large  table  of  numbers  in  arith- 
metical progreffion,  adapted  to  a fet  of  as  many  others 
in  geometrical  progreffion.  The  property  of  fuch  num- 
bers had  been  long  known,  viz,  that  the  addition  of  the 
former  anfwered  to  the  multiplication  of  the  latter, 
6cc ; but  it  wanted  the  neceffity  of  fuch  very  trouble- 
jome  calculations  as  thofe  above  mentioned,  joined  to 
«ii  ardent  difpofition,  to  make  fuch  a ufe  of  that  pro- 
perty. Perhaps  alfo  this  difpofition  was  urged  into  ac- 
tion by  certain  attempts  of  this  kind  which  it  feems 
Tvere  made  elfewhcre  ; fuch  as  the  following,  related 
by  Wood  in  his  Athenas  Oxoriienfes,  under  the  article 
Eriggs,  on  the  authority  of  Oughtred  and  Wingate, 
viz,  “ That  one  Dr.  Craig  a Scotchman,  coming  out 
of  Denmark  into  his  own  country,  called  upon  John 
Neper  baron  of  Marchefton  near  Edinburgh,  and  told 
him  among  other  difeourfes  of  a new  invention  in 
Denmark  (by  Longomontanus  as  ’tis  faid)  to  fave  the 
tedious  multiplication  and  divifion  in  aflronomical  cal- 
culations. Neper  being  folicitous  to  know  farther  of 
him  concerning  this  matter,  he  could  give  no  other  ac- 
count of  it,  than  that  it  was  by  proportionable  numbers. 
Which  hint  Neper  taking,  he  defired  him  at  his  re- 
turn to  call  upon  him  again.  Craig,  after  fome  weeks 
had  paffed,  did  fo,  and  Neper  then  ffiewed  him  a rude 
draught  of  that  he  called  Canon  M'lrahiUs  Logarlthmo- 
rum.  Which  draught,  wdth  fome  alterations,  he  print- 
ing in  1614,  it  came  forthwith  into  the  hands  of  our  au- 
thor Briggs,  and  into  thofe  of  William  Oughtred,  from 
whom  the  relation  of  this  matter  came.” 

Whatever  might  be  the  inducement  however,  Na- 
pier publiffied  his  invention  in  1614,  under  the  title  of 
Logartthmorum  Canonis  Defcrlplio,  containing  the 

conPurudlioQ  and  canon  of  his  logarithms,  which  are 
thofe  of  the  kind  that  is  called  hyperbolic.  'I  his 
v/ork  coming  prefently  to  the  hands  of  Mr.  Briggs, 
then  Profeffor  of  Geometry  at  Greffiam  College  in 
Eondon,  he  immediately  gave  it  the  greateft  encourage- 
ment, teaching  the  nature  of  the  logarithms  in  his 
public  lectures,  and  at  the  fame  time  recommending  a 
change  in  the  fcale  of  them,  by  which  they  might  be 
advantageouHy  altered  to  the  kind  which  he  afterwards 


computed  liimfelf,  which  are  thence  called  Briggses 
Logarithms,  and  are  thofe  now  in  common  ufe.  Mr. 
Briggs  alfo  prefently  wrote  to  lord  Napier  upon  this 
propofed  change,  and  made  journeys  to  Scotland 
the  two  followdng  years,  to  vifit  Napiei*,  and  confult 
him  about  that  alteration,  before  he  fet  about  making 
it.  Briggs,  in  a letter  to  archbiffiop  Uffier,  March  10, 
1615,  writes  thus  : Napier  lord  of  Markinflon  hath 

fet  my  head  and  hands  at  work  with  his  new  and  ad- 
mirable logarithms,  I hope  to  fee  him  this  fummer,  if 
it  pleafe  God ; for  I never  faw  a book  wffiich  pleafed 
me  better,  and  made  me  more  wonder.”  Briggs  ac- 
cordingly made  him  the  vifit,  and  llaid  a month  wdth 
him. 

The  following  paffiage,  from  the  life  of  Lilly  the 
ailrologer,  contains  a curious  account  of  the  meeting 
of  thofe  tw'o  illnftrious  men.  “ I will  acquaint  you 
(fays  Lilly)  with  one  memorable  ilory  related  unto  me 
by  John  Marr,  an  excellent  mathematician  and  geome- 
trician, whom  I conceive  you  remember.  He  was.  fer- 
vant  to  King  James  and  Charles  the  Firft.  At  firR 
when  the  lord  Napier,  or  Marchifton,  made  public  his 
logarithms,  Mr.  Briggs,  then  reader  of  the  allronomy 
lectures  at  Grefham  College  in  London,  was  fo  fur- 
prifed  wuth  admiration  of  them,  that  he  could  have  no 
qiiietnefs  in  himfelf  until  he  had  feen  that  noble  perfoii 
the  lord  Marchillon,  wffiofe  only  invention  they  were  : 
he  acquaints  John  Marr  herewith,  who  went  into  Scot- 
land before  Mr.  Briggs,  purpofely  to  be  there  wffien 
thefe  two  fo  learned  perfons  Ihould  meet.  Mr.  Briggs 
appoints  a certain  day  when  to  meet  at  Edinburgh  ; 
but  failing  thereof,  the  lord  Napier  was  doubtful  he 
would  not  come.  It  happened  one  day  as  John  Marr 
and  the  lord  Napier  were  fpeaking  of  Mr.  Briggs  ; 

‘ Ah,  John  (faid  Marchifton),  Mr.  Briggs  will  not  now 
come.’  At  the  very  inftant  one  knocks  at  the  gate  ; 
John  Marr  hafted  dowm,  and  it  proved  Mr.  Briggs  to 
his  great  contentment.  He  brings  Mr.  Briggs  up  into 
my  lord’s  chamber,  wdiere  alraoft  one  quarter  of  an  hour 
was  fpent,  each  beholding  other  almoft  with  admiration 
before  one  word  was  fpoke.  At  laft  Mr.  Briggs  began ; 
‘My  lord, I have  undertaken  this  long  Journey  purpofely 
to  fee  your  perfon,  and  to  know  by  what  engine  of  wit 
or  ingenuity  you  came  firft  to  think  of  this  moft  excel- 
lent help  into  aftronomy,  viz,  the  logarithms  ; but,  my 
lord,  being  by  you  found  out,  I wonder  no  body  elfc 
found  it  out  before,  when  now  known  it  is  fo  eafy.’ 
He  was  nobly  entertained  by  the  lord  Napier;  and  eveiy 
fummer  after  that,  during  the  lord’s  being  alive,  this  ve- 
nerable man  Mr.  Briggs  went  purpofely  into  Scotland 
to  vifit  him.” 

Napier  made  alfo  confiderable  improvements  in  fphe- 
rical trigonometry  &c,  particularly  by  his  Catholic  or 
Univerfal  Rule,  being  a general  theorem  by  which  he 
refolves  all  the  cafes  of  right-angled  fpherical  triangles 
in  a manner  very  fimple,  and  eafy  to  be  remembered, 
namely,  by  what  he  calls  the  Five  Circular  Parts.  His 
Conftrudlion  of  Logarithms  too,  befide  the  labour  of 
them,  manifefts  the  greateft  ingenuity.  Kepler  dedi- 
cated his  Ephemerides  to  Napier,  which  were  publiffied 
in  the  year  1617  j mid  it  appears  from  many  paffages  in 
his  letter  about  this  time,  that  he  accounted  NapTer  to 
be  the  greateft  man  of  his  age  in  the  particular  depart- 
ment to  which  he  applied  his  abilities. 
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The  laft  literary  exertion  of  this  eminent  perfon  was 
the  publication  of  his  Kahdology  and  Pro77iptuary,  in  the 
year  1617  ; foon  after  which  he  died  at  Marchillon,  the 
3d  of  April  in  the  fame  year,  in  the  6Sth  year  of  his 
age.' — The  lid  of  his  works  is  as  follows  : 

f.  A Plain  Difeovery  of  the  Revelation  of  St.  John; 

^593- 

2.  Loganthmorum  Canonis  Defcnptio  ; 

3.  Mir'ifici  Logarithmo}-um  Canotiis  Conpruclio  ; et 
e'irum  ad.  Aaturalcs  ipfonim  numcros  kahltudhies  ; nna  cum 
appendices  de  alia  eaque.p}\i’j'lajitlorc  Pogarithnwrurn  Jpeci; 
condenda.  d^iibtis  accejfere  prepejitiones  ad  tniangula 
Jphtfntca  Jacdic'ee  calculo  7'eJ'olveiida.  Una  cum  ylnnota- 
tionihus  aliquot  dccljjjimi  D.  Henrici  Briggil  in  eas,  iU  me- 
moratam  appendlcem.  Publiflied  by  tlie  author’s  fou  in 
1619. 

4.  Rahdologiay  feu  Kumeraticni: per  VirguIaSy  lihri  duo  ; 
1617.  This  contains  the  defeription  and  life  of  the 
Bones  or  Rods  ; with  feveral  other  fliort  and  ingenious 
inodes  of  calculation. 

5.  hlis  ^Letter  to  Anthony  Bacon  ^the  original  of 
\yhich  is  in  the  archbifliop’s  library  at  Lambeth),  in- 
titled,  Secret  Inventions,  Profitable  and  Neceffary  in 

♦ tbefe^  days  for  the  Defence  of  this  Ifand,  and  with- 
landing  Strangers  Enemies  to  God’s  Truth  and  Re- 
ligion ; dated  June  2,  1596. 

Napier’s  Bones,  or  Rods,  an  infrument  contrived  by 
lord  Napier,  for  the  more  eafy  performing  of  the 
arithmetical  operations  of  multiplication,  divifon,  &;c. 
Thefe  rods  aie  five  in  number,  made  of  Bone,  ivory, 
horn,  wood,  or  pafteboard,  «Scc.  Their  faces  are  di- 
vided into  nine  little  fquares  (fig.  7,  pi.  16)  ; each  of 
which  is  parted  into  two  triangles  by  diagonals. 
In  thefe  little  fquares  are  written  the  numbers  of  the 
multiplication-table  5 in  fuch  manner  as  that  the  units, 
or  right-hand  figures,  are  found  in  the  right-hand  tri- 
angle : and  the  tens,  or  the  left-hand  figures,  in  the 
left-hand  triangle  ; as  in  the  figure. 

To  Multiply  Numbers  by  Napier’s  Bones.  Difpofc 
the  rods  in  fuch  manner,  as  that  the  top  figures  may 
exhibit  the  multiplicand  ; and  to  thefe,  on  the  left-hand, 
join  the  rod  of  units  : in  which  feck  the  right-hand 
figure  of  the  multiplier  : and  the  numbers  correfponding 
to  it,  in  the  fquares  of  the  other  rods,  write  out,  by 
adding  the  feveral  numbers  occurring  in  the  fame 
rhomb  ^together,  and  their  fums.  After  the  fame  man- 
ner write  out  the  numbers  correfponding  to  the  other 
figures  of  the  multiplier ; difpofing  them  under  one 
another  as  in  the  comm-on  multiplication  j and  lailly  add 
the  feveral  numbers  into  one  fum. 

For  example,  fuppofe  the  mul-  597^ 

tiph.cand  597^?  the  miul-  937 

tipher  937.  From  the  outermoft  — 

triangle  on  the  right-hand  (fig.  41846 

8,  pi.  16)  which  correfponds  to  1/934 

the  right-hand  figure  of  the  mul-  5^802 

tiplier  7,  write  out  the  figure  6,  — 

placingit  under  the  line.  In  the  5601386 

next  rhomb  towards  the  left,  add  — 

9 . and  5;  their  fum  being  14, 

write  the  right-hand  figure  4,  againfi  6 ; carrying  the 
left-hand  figure  i to  4 and  3,  which  are  found  in  the 
next  rhomb  : oin  the  fum  8 to  46,  already  fet  down. 
After  the  Lme  manner,  in  the  laid  rhomb,  add  6 and  5, 


and  the  latter  figure  of  the  fum  11,  fet  down  as  before, 
and  cany  i to  the  3 found  in  the  left-hand  triangle  ; tlie 
fum  4 join  as  before  on  the  left-hand  of  1846,'^  Tims 
you  will  have  41846  for  the  predua  of  5978  by  7. 
And  in  the  fame  manner  are  to  be  found  the  produas 
for  the  other  figures  of  the  multiplier;  after  which 
the  V, 'hole  is  to  be  added  together  as  ufuah  ' 

lo  perform  Dimifon  by  Napier’s  Bones.  Difpofc 
the  rpds  lo,  as  th.at  the  upperniofi.  figures  may  exhibit 
the  divifor  ; to  thefe  on  the  left-liand,  join  the  rod  of 
units.  Defcend  under  the  divifor,  till  you  meet  thofa 
figures  of  the  dividend  in  which  it  is  firl't  required  how 
oft  the  divifor  is  found,  or  at  lead  the  next  leis  num 
btr,  whicli  is  to  be  lubtraacd  from  the  dir'idend  ; then 
the  number  correfponding'  to  this,  in  the  place  of 
units,  fet  down  f<.)r  a quotient.  And  by  determining 
the  other  parts  of  the  quotient  after  the  fame  manner, 
the  divifion  will  be  completed. 

bor  example;  fuppole  the 
dividend  5:601386,  and  the  di- 
vifqr  5978  ; fince  it  is  firft  en- 
quired liow  often  5978  is 
found  in  56013,  defcend  under 
the  divifor  (fig.  8)  till  in  the 
lowed:  fe  ries  you  find  the  num- 
ber  53802,  approaching  near- 
eft  to  56013  ; the  former  of 
which  is  to  be  fiibtraaed  from 
the  latter,  and  the  figure  9 

corrcfpondiim-  to  it  in  the  rod  of  units  fet  down  for  the 
quotient.  To  the  remainder  22 1 1 join  the  following 
hgure  8 of  the  dividend  ; and  the  number  17934  being 
found  as  before  for  the  next  lefs  number  to  it,  the  corre- 
fponding number  3 in  the  rod  of  units  is  to  be  fet  down 
for  the  next  figure  of  the  quotient.  After  the  fame 
manner  the  third  and  laft  figure  of  the  quotient  will  b^ 
found  to  be  7 ; and  the  whole  quotient  937. 

NATIVITY,  in  xYftrology,  the  fcheme  or  figure 
of  the  heavens,  and  particularly  of  the  twelve  lioufes, 
at  the  moment  when  a perfon  was  born  ; called  alfo  the 
Horofeope, 

To  Cajl  the  Nativity,  is  to  calculate  the  pofitioii 
of  the  heavens,  and  eredt  the  figure  of  them  for  the 
time  of  birth. 


5978)3601386(037 

53802 

22118 

^7934 

41 846 
41846 


Sic. 


NATURxVL  Day,  Tear,  Ujc.  See  Day,  Yea 
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Natural  HorUon,  is  the  fenfible  or  phyfical  ho- 
rizon. 

Natural  Magic,  is  that  which  only  makes  ufe  oi‘ 
natural  caufes  ; fuch  as  the  Treatife  of  J.  Bapt.  Porta, 
Magia  Natiiralia. 

Natural  Rhilofophy,  otherwife  called  Rbfics,  IvS 
that  fcience  which  coiifiders  the  powers  of  nature,  the 
projierties  of  natural  bodies,  and  their  actions  upon  one 
another. 

Rates  of  Nature,  arc  certain  axioms,  or  general 
rules,  of  motion  and  reft,  obferved  by  natural  bod'es 
in  their  actions  upon  one  another.  Of  thefe  Laws,  Sir 
I.  Newton  has  eitablifhed  three  : 

I ft  I.  AW.. — That  every  body  nerfeveres  in  tlie  fame- 
ftate,  either  of  reft,  or  uniform  rectilinear  motion  ; un- 
lefs  it  is  compelled  to  change  that  ftate  by  the  adion 
of  fome  foreign  force  or  agent.  TluisJ  projedilcs 
perfevere  in  their  tiiotion-s,  except  fu  far  as  they  arr 
'i'  ^ retarded 
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retarde-d  by  tbe  refiftance  of  tlie  air,'  and  the  a£fion  of 
gravity  : and  thus  a top,  once  fet  up  in  motion,  only 
ceafes  to  turn  round,  becaufe  it  is  relifted  by  the  air, 
and  by  the  fridtion  of  the  plane  upon  which  it  moves. 
Thus  alfo  the  larger  bodies  of  the  planets  and  comets 
preferve  their  progrefilve  and  circular  motions  a long 
time  undiminifhed,  in  regions  void  of  all  fenfible  refill- 
ance.— As  body  is  pafllve  In  receiving  its  mmtion, 
and  the  diredtion  of  its  motion,  fo  it  retains  them,  or~ 
perfeveres  in  them,  without  any  change,  till  it  be  acted 
upon  by  fomething  external. 

ad  I-.AW. — The  Motion,  or  Change  of  Motion,  is 
always  proportional  to  the  moving  force  by  which  it 
is  produced,  and  in  the  direction  of  the  right  line  in 
which  that  force  is  imprciTcd.  If  a certain  force  pro- 
duce a certain  motion,  s double  force  will  produce  double 
the  motion,  a triple  force  triple  the  motion,  and  fo 
on.  And  this  motion,  hncc  it  is  always  diredted  to  the 
fame  point  wn'th  the  generating  force,  if  the  body  rvere 
in  motion  before,  Is  either  to  be  added  to  it,  as  where  the 
motions  confpire  ; or  fubtradted  from  it,  as  when  they 
are  oppofite  ; or  combined  obliquely,  when  oblique  : 
being  always  compounded  with  it  according  to  the  de- 
termination of  each. 

3d  L AW.' — Re-adfion  is  always  contrary,  and  equal 
to  aClion  ; or  the  adtions  of  two  bodies  upon  one  an- 
other, are  abvays  mutually  equal,  and  diredled  contrary'- 
ways  3 and  are  to  be  eflimated  always  in  the  fame  right 
line.  Thus,  whatever  body  preffes  or  draw's  another, 
is  equally  prelTed  or  drawn  by  It.  So,  if  I prefs  a hone 
w'itli  my  hnger,  the  finger  is  equally  prelTed  by  the 
Tone  : if  a horfe  draw  a weight  forward  by  a rope, 
the  horfe  is  equally  oppofed  or  drawm  back  towards  the 
weight ; the  equal  teniion  or  ftretch  of  the  rope  hinder- 
ij^g  the  progrefs  of  the  one,  as  it  promotes  that  of  the 
other.  Again,  if  any  body,  by  ftriking  on  another,  do  in 
any  manner  change  its  motion,  it  will  itfelf,  by  means  of 
the  other,  undergo  alfo  an  equal  change  in  Its  own  mo- 
tion, by  reafon  of  the  equality  of  the  prefiure.  When 
two  bodies  meet,  each  endeavours  to  perfevere  in  its  Tate, 
and  refifts  any  change  : and  becaufe  the  change  which 
Is  produced  in  either  may  be  equally  meafured  by  the 
adtion  which  it  excites  upon  the  other,  or  by  the  refiflance 
which  it  meets  with  from  it,  it  follows  that  the  changes 
produced  in  the  motions  of  each  are  equal,  but  are 
made  in  contrary  diredtions  : the  one  acquires  no  new 
force  but  what  the  otlier  lofes  in  the  fame  diredtioix; 
nsr  does  this  laft  lofe  any  force  but  what  the  other 
acquires  ; and  hence,  though  by  their  coHifions,  rnotion 
paTes  from  the  one  to  the  other,  yet  the  fum  of  their 
motions,  eflimated  in  a given  diredlion.  Is  preferved 
the  fame,  and  is  unalterable  by  their  mutual  adlions 
upon  each  other.  In  thefe  adllons  the  changes  are 
equal ; not  thofe,  we  mean,  of  tlie  velocities,  but  thofe 
of  the  motions,  or  momentums  ; the  bodies  being  fup- 
pofed  free  from  any  other  impediments^  For  the 
changes  of  velocities,  which  are  likewife  ni'ade  contrary 
ways,  inafmuch  as  the  motions  are  equally  changed, 
are  reciprocally  proportional  to  the  bodies  or  mafles. 

This  law  obtains  alfo  In  attradtions. 

NAVIGATION,  is  the  art  of  conducing  a Tip  at 
fea  from  one  port  or  place  to  another. 

This  Is  perhaps  the  moft  ufeful  of  all  arts,  and  is  of 
ihehighefl  antiquity.  It  may  be  iinpoTible  to  fay  who 


were  the  inventors  of  it ; but  it  is  probable  that  many 
people  cultivated  it,  independent  ci  each  other,  who  in- 
habited the  coafls  of  the  fea,  and  hadoccafion,  or  found 
it  convenient,  to  convey  themfelves  upon  the  water 
from  place  to  place  ; beginning  from  rafts  and  logs  of 
wood,  and  gradually  improving  in  the  flruclure  and 
management  of  their  vefiels,  according  to  the  length  of 
time,\nd  extent  of  their  voyages.  Writers  however 
afcriFe  the  invention  of  this  art  to  different  perions,  or 
nations,  according,  to  their  different  fources  of  informa- 
tion. Thus, 

The  poets  refer  the  Invention  of  Navigation  to 
Neptune,  fome  to  Bacchus,  others  to  Hercules,  to 
Jafon,  or  to  Janus,  who  it  is  fald  made  the  firff  flop.' 
Hillorians  afcribe  it  to  the  Alginetes,  the  Phoenicians, 
Tyrians,  and  the  ancient  inhabitants  of  Britain.  Some 
are  of  opinion  that  the  firff  hint  was  taken  from  the 
flight  of  the  kite  ; and  fome,  as  Oppian  (De  Pifeibus, 
liH  i)  from  the  fiffi  called  Nautilus;  while  others 
afcribe  it  to  accident ; and  others  again  deriving  the 
hint  and  invention  from  Noah’s  ark* 

However,  hiftory  reprefents  the  Phoenicians,  cfpe- 
cially  thofe  of  the  capital  Tyre,  as  the  firff  navigators, 
that  made  any  extenfive  progrefs  in  the  mt,  fo  far  as 
lias  come  to  our  knowledge  ; and  indeed  it  muff  have 
been  this  very  art  that  made  their  city  what  it  was. 
For  this  purpofc,  Lebanon,  and  the  other  neigh- 
bouring mountains,  furnifning  them  with  excellent  wood 
for  ffiip-bullding,  they  were  fpeedily  makers  of  a nu- 
merous fleet,  with  which  conftantly  haz^irding  new  na- 
vigations, and  fettling  new  trades,  they  foon  arrived  at 
an  incredible  pitch  of  opulence  and  populoufnefs  ; fo 
as  to  be  In  a condition  to  fend  out  colonip,  the  prin- 
cipal of  which  was  that  of  Carthage  ; which,  keeping 
up  their  Phmnician  fpirit  of  commerce,  in  time  far  fur- 
paffed  Tyre  itfelf ; fending  their  merchant  Tips  through 
Hercules’s  pillars,  now  the  llraits  of  Gibraltar,  and 
thence  along  the  vveftern  coafts  of  Africa  and  Europe  ; 
and  even,  according  to  fome  authors,  to  America  itfelf. 
The  city  of  Tyre  being  deftroyed  by  Alexander  the 
Great,  its  Navigation  and  commerce  w^ere  transferred 
by  the  conqueror  to  Alexandria,  a new  city,  well 
fituated  for  thefe  purpofes,  and  propofed  for  the  ca- 
pital of  the  empire  of  Afia,  the  conqueff  of  wliich 
' Alexander  then  meditated.  And  thus  arofe  the  Navi- 
gation of  the  Egyptians  ; which  was  afterwards  fo  cul- 
tivated by  the  Ptolemies,  that  Tyre  and  Carthage  were 
quite  forgotten. 

E^>-ypt  being  reduced  to  a Roman  province  after 
tbe  battle  of  Adlium,  Its  trade  and  Navigation  fell  into, 
the  hands  of  Aiiguffus  ; in  whofe  time  Alexandria  was 
only  inferior  to  Rome  ; and  the  magazines  of  the  capi- 
tal of  the  world  w'ere  wholly  fuppllcd  with  merchan- 
dizes from  the  capital  of  Egypt. 

At  length,  Alexandria  itfelf  underwent  the  fate  of 
Tyre  and  Carthage  ; being  furprifed  by  the  Saracens, 
who,  in  fplte  of  the  emperor  Heraclius,  oyerfpread 
the  northern  coafts  of  Africa,  &c  ';  whence  the  rner- 
chants  being  driven,  Alexandria  has  ever  fince  been  in  a 
languiTIng  ftate,  tliough  ffili  it  has  a conliderable  part 
of  the  commerce  of  the  chriftian  merchants  traaing  to 
the  Levant. 

The  fall  of  Rome  and  its  empire  drew  along  wnth  it 
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Navigation  alfo  ; the  barbarians,  into  whofe  hands  it 
fell,  contenting  thernfelves  with  the  fpoils  of  the  induftry 
of  their  predcceiTors. 

But  no  fooner  were  the  brave  among  thofe  nations 
well  fettled  in  their  new  provinces  ; fome  in  Gaul,  as 
the  Franks  ; others  in  vSpain,  as  the  Goths  ; and  others 
in  Italy,  as  the  Lombards  ; hut  they  began  to  learn 
the  advantacres  of  Naviiration  and  commerce,  with  the 
methods  of  managing  them,  from  the  people  they  fub- 
dued  ; and  this  with  fo  much  fuccels,  that  in  a little 
time  fome  of  them  became  able  to  give  new  leifons, 
and  fet  on  foot  new  inilitutions  for  its  advantage.  Thus 
it  is  to  the  Lombards  we  ufiially  aferibe  the  invention 
and  ufe  of  banks,  book-keeping,  exchanges,  rechanges, 
iSec. 

It  does  not  appear  which  of  the  Fniropean  people, 
after  the  fettlement  of  their  new  mailers,  firft  betook 
themfelves  to  Navigation  and  commerce. — Some  think 
it  began  with  the  French  ; though  the  Italians  feem  to 
have  the  jufter  title  to  it,  and  are  ufually  confidered  as 
the  rdlorers  of  tliem,  as  well  as  of  the  polite  arts,  which 
had  been  banifhed  together  from  the  time  the  empire 
was  torn  afunder.  It  is  the  people  of  Italy  then,  and 
particularly  thofe  of  Venice  and  Genoa,  who  have  the 
glory  of  this  reftoration  ; and  it  is  to  their  advanta- 
geous fituation  for  Navigation  that  they  in  a great 
meafure  owe  their  glory.  From  about  the  time  of  the 
6th  century,  when  the  inhabitants  of  the  iflands  in  the 
bottom  of  the  Adriatic  began  to  unite  together,  and 
by  their  union  to  form  the  Venetian  hate,  their  fleets 
of  merchantmen  were  fent  to  all  the  parts  of  the  Me- 
diterranean ; and  at  lafl  to  thofe  of  Egypt,  particularly 
Cairo,  a new  city,  built  by  the  Saracen  princes  on 
the  eaflern  banks  of  the  Nile,  where  they  traded  for 
their  fpices  and  other  producls  of  the  Indies.  Thus 
they  fiourifhed,  increafed  their  comm.erce,  their  Navi- 
gation, and  their  conquefls  on  the  terra  flrma,  till 
the  league  of  Camibray  in  1508,  wlien  a number  of 
jealous  princes  confpired  to  their  ruin  ; which  w'as  the 
more  eafily  effected  by  the  diminution  of  their  Eail- 
India  commerce,  of  which  the  Portuguefe  had  got  one 
part,  and  the  French  another.  Genoa  too,  which  had 
cultivated  Navigation  at  the  fame  time  with  Venice, 
and  that  with  equal  fuccefs,  was  a long  time  its  dan- 
gerous rival,  difputed  with  it  the  empire  of  the  fea, 
and  fhared  whth  it  the  trade  of  Egypt  ; and  other 
parts  both  of  the  eaft  and  w^efl. 

Jealoufy  foun  began  to  break  out  ; and  the  tw'o  re- 
publics coming  to  blow^s,  there  was  almofl  continual 
w'ar  for  three  centuries,  before  the  fuperiority  w^as 
afeertamed;  when,  to  wards  the  end  of  the  14th  century, 
the  battle  of  Chioza  ended  the  llrife  : the  Genoefe, 
who  till  then  had  ufually  the  advantage,  having  now 
Ibft  all  ; and  the  Venetians  almoll  become  lefperate, 
at  one  happy  blowq  beyond  all  expehlation,  fecured  to 
themfelves  the  empire  of  the  fea,  and  the  fuperiority 
in  commerce. 

About  the  fame  time  that  Navigation  wuis  retrieved 
in  the  fouthern  parts  of  Europe,  a new  focicty  of  mer- 
chants w'as  formed  in  the  north,  whicii  not  only  car- 
ried commerce  to  the  greateft  perfection  it  was  capa- 
ble of,  till  the  difeovery  of  the  Eaft  and  V/eft  Indies, 
but  alfo  formed  a new  fcheme  of  laws  for  the  regular 
tion  of  it,  wTich  flili  obtain  under  the  name  of, 
Ufes  and  Cujioms  of  the  Sca>  Tlds  fociety  is  that  ce,- 


lebrated  league  of  the  Hanfe-towns,  begun  about  the 
year  1164. 

The  art  of  Navigation  has  been  greatly  improved 
in  m.odern  times,  both  in  refpeit  of  the  form  of  the 
vefTels  themfelves,  and  the  methods  of  w'orking  or  con- 
ducting them.  The  ufe  of  rowers  is  now  entirely 
fuperceded  by  the  improvements  made  in  the  fails, 
rigging,  &c.  It  is  alfo  very  probable,  that  the  An- 
cients w’ere  neither  io  w'ell  ikiiled  as  the  Moderns,  in 
finding  the  latitudes,  nor  in  fteering  their  velTels  in 
places  of  difticult  Navigation,  as  the  Moderns.  But 
the  greateft  advantage  w'hich  thefe  have  over  the 
Ancients,  is  from  the  mariner’s  compals,  by  wTich 
they  are  enabled  to  find  their  way  with  as  much  fa- 
cility ill  the  midft  of  an  immealurable  ocean,  as  the 
Ancients  could  have  done  by  creeping  along  the  coaft,. 
and  never  going  out  of  figlit  of  laud.  Some  people 
indeed  contend,  that  this  is  no  new  invention,  but  that 
the  Aficients  w'ere  acquainted  with  it.  They  fay,  it 
w^as  Impoffible  for  Solomon’s  fliips  to  go  to  Ophir, 
TarOiifh,  and  Parvai-oi,  which  kill  they  will  have  to  be 
Peru,  without  this  ufeful  inftrument.  They  infift,  that 
it  was  impofllble  for  the  Ancients  to  be  acquainted  with 
the  attraefive  virtue  or  the  magnet,  vrithout  known’ng 
its  polarity.  They  even  affirm,  that  this  property  of 
the  m.agnet  is  plainly  mentioned  in  the  book  of  job, 
where  the  loadftone  is  called  topaz,  or  the  ftone  that 
turns  itfelf.  But,  not  to  mention  that  Mr.  Bruce  has 
lately  made  it  appear  highly  probable  that  Solomon’s 
ftiips  made  no  more  than  coafting  voyages,  it  is  certain 
that  the  Romans,  who  conquered  Judea,  were  ignorant 
of  this  inftrument  ; and  it  is  very  probable,  that  fo  ufeful 
an  invention,  if  once  it  had  been  commonly  known  to  a 
nation,  w’ould  never  have  been  forgotten,  or  perfectly 
concealed  from  fo  prudent  a people  as  the  Romans,  wdiL> 
W'ere  fo  much  interefted  in  the  difeovery  of  it. 

Among  thofe  w'ho  do  agree  that  the  mariner’s  com- 
pafs  is  a modern  invention,  it  has  been  much  difputed^ 
wlio  was  the  inventor.  Some  give  the  honour  of  it  to 
Flavio  Gioia  of  Amalfi  in  Campania,  about  the  begin- 
ning of  the  14th  century  ; w hile  others  fay  that. it  came 
from  the  eaft,  and  was  earlier  knowm  in  Europe. 
But,  at  wdiatever  time  it  was  invented,  it  is  certain, 
that  the  mariner’s  compafs  w'as  not  commonly  ufed  in 
Navigation  before  the  year  1420.  In  that,  year  the 
fcience  w^as  conliderably  improved  under  the  aufpices  of 
Henry  duke  of  Vifeo,  brother  to  the  king  of  Portugal. 
In  the  year  1485,  Roderlc  and  Joieph,  phyficians  to 
king  John  the  2d  of  Portugal,  together  with  one  Mar- 
tin de  Bohemia,  a Portuguefe  native  of  the  ifland  of 
Fayal,  and  pupil  to  Regiomontanus,  calculated  tables 
of  the  fun’s  dccllnatian  for  the  ufe  of  failors,  and  re- 
commended the  aftrolabc  for  taking  obfervations  at  fea. 
The  celebrated  Columbus,  it  is  laid,  avciiled  hiinfelf  of 
Martin’s  inftrudlions,  and  improved  the  Spaniards  in  the, 
know'ledge  of  this  art;  for  tlie  farther  progrefs  of 
which,  a ledture  was  afterwards  founded  at  Seville  by  the 
emperor  Charles  the  3 th. 

I'he  difeovery  of  the  variation  of  the  compafs,  is 
claimed  by  Columbus,  and  by  Sebaftiaii  Cabot.  The 
former  certainly  did  obferve  this  variation  without 
having  heard  of  it  from  any  other  perfon,  on  the  14th 
of  September  1492,  and  it  is  very  probabR  that  Cabot 
mffiht  do  the  fame.  At  that  time  it  was  found  that 
theie  was  no  variation  at  the  Azores,,  for  which  rea- 

fon . 


N A V 


N A V 


r M2  ] 


fon  fome  geographers  made  that  the  firfl  meridian, 
though  it  has  lince  been  difcovered  that  the  variation 
alters  in  time.  The  ufe  of  the  crofs-ilaff  now  beg'an 
to  be  introduced  among  Tailors.  This  ancient  inilru- 
ment  is  defcribed  by  John  Werner  of  Nuremberg,  in 
his  annotations  on  the  firft  book  of  Ptolomy’s  Geogra- 
phy, printed  in  1514:  he  recommends  it  for  obferving 
tlie  diilance  between  the  moon  and  fome  flar,  from 
which  to  determine  the  longitude. 

At  this  time  the  art  of  Navigation  was  very  im- 
perfect, from  the  ufe  of  the  plane  chart,  which  was 
the  only  one  then  known,  and  which,  by  its  grofs 
errors,  miift  have  greatly  milled  the  mariner,  efpecially 
in  places  far  diftant  from  the  equator  ; and  alio  from 
the  want  of  books  of  inllruTion  for  feamien. 

At  length  two  Spanidi  treatifes  came  out,  the  one 
by  Pedro  de  Medina,  in  1545;  and  the  other  by  Martin 
Cortes,  or  Curtis  as  it  is  printed  in  Englill'i,  in  1556, 
though  the  author  fays  he  compoled  it  at  Cadiz  in 
1545,  containing  a comiplete  fylfem  of  the  art  as  far 
as  it  w'as  then  known.  Medina,  in  his  dedication  to 
Philip  prince  of  Spain,  laments  that  n iiltitiides  of  fliips 
daily  perifhed  at  fea,  becaufe  there  were  neither  teachers 
of  the  art,  ner  books  by  which  it  might  be  learned  ; 
and  Cortes,  in  his  dedication,  boafts  to  the  emperor, 
tliat  he  was  the  firll  who  had  reduced  Navigation  into 
a coiqpendiiim,  valuing  himfelf  much  on  what  he  had 
performed.  Medina  defended  the  plane  chart ; but 
he  v/as  oppofed  by  Cortes,  who  lliewed  its  errors,  and 
endeavoured  to  account  for  the  variation  of  the  compafs, 
by  fuppofing  the  needle  was  influenced  by  a magnetic 
pole,  different  from  that  of  the  world,  and  w'hich 
he  called  the  point  attraciwe  : which  notion  has  been 
farther  profecuted  by  others.  Medina’s  book  was  foon 
tranflated  into  Italian,  French,  and  Flemilh,  and  ferved 
for  a long  time  as  a guide  to  foreign  navigators.  How- 
ever, Cortes  was  the  favourite  author  of  the  Englilh 
nation,  and  was  tranflated  in  1561,  by  Richard  Eden, 
while  Medina’s  work  was  much  negledted,  though 
tranflated  alfo  within  a fhort  time  of  the  otlier.  At 
that  time  a fyflem  of  Navigation  coriflfted  of  materials 
fucli  as  the  following  : An  account  of  the  Ptolomaic 
iiypothefis,  and  the  circles  of  the  fplierc  ; of  the  round- 
nefs  of  the  earth,  the  longitudes,  latitudes,  climates, 
d^c,-  and  eclipies  of  the  luminaries  ; a calendar  ; the 
method  of  finding  the  prime,  epadt,  moon’s  age,  and' 
tides  ; a defeription  of  the  compafs,  an  account  of  its 
variation,  for  the  difeevering  of  which  Cortes  faid  an 
inflrument  might  eafily  be  contrived  ; tables  of  tlie 
final’s  declination  for  4 years,  in  order  to  find  the  lati- 
tude from  his  meridian  altitude  ; diredlions  to  find  the 
fame  by  certain  liars  : of  the  courfe  of  the  fun  and 
moon  ; the  length  of  the  days  ; of  time  and  its  divi- 
fions  ; the  method  of  finding  the  hour  of  the  day  and 
niglit.i  and  laftN,  a defeription  of  the  fca-chart,  on 
which' to‘ difcov.cr  where  the  Ihip  is;  they  made  ufe 
alfo  of  a imall  table,  that  fhewed,  upon  an  alteration  of 
one  degree  of  the  latitude,  iiow  many  leagues  were 
run  bn  each  rhumb,  together  with  the  departure  irom 
tlic  mendian  ; which  might  be  called  a table  of  difi- 
tance  and  departure,  as  we  have  now  a table  of  differ- 
once  of  latitude  and  departure.  Befides,  fome  inllru- 
mentsrvere  defcribed,  cfpeclally  by  Cortes  ; fuch  as,  one 
to  find  tbe  place  and  declination  of  the  fun,  with  the 
g.gc  and  place  of  the  moon  ; certain  dials,  tlic  ailrolabe, 


and  crofs-fliafF  | with  a complex  machine  to  dlfcove^ 
the  hour  and  latitude  at  once. 

About  the  fame  time  propofals  were  made  for  find- 
ing tlie  longitude  by  obfervations  of  the  moon.  Ik 
1530,  Gemma  Frifius  advifed  the  keeping  of  the  time 
by  means  of  fmall  clocks  or  watches,  then  nevvly^  in- 
vented, as  he  fays.  Pie  alfo  contrived  a new  fort  of 
crofs-fcafi,  and  an  inilrument  called  the  Nautical  Qiia- 
drant  ; which  laft  was  much  pralfcd  by  William  Cu- 
ningham,  in  liis  Cofmcgraphical  Glafs,  printed  in  the 
year  £559. 

In  the  year  1537  Pedro  Nunez,  or  Nonius,  publiihed 
a book  in  the  Portuguefe  language,  to  explain  a difin- 
cukv  in  Navigation,  propofed  Uo  him  by  the  commander 
D on  Martin  Alphonfo  de  Sufa.  In  this  work  he  ex- 
pofcs  tlie  errors  of  the  plane  chart,  a'ud  gives  the  foiii- 
tion  of  feveral  curious  aftronomical  problems  ; amon^ 
wdiich  is  that  of  determining  the  latitude  from  tw^o  ob- 
fervations of  the  fun’s  altitude  and  the  intermediate 
azimuth  being  given.  He  obferved,  that  though  the 
rimmbs  arc  fpiral  lines,  yet  the  diredl  courfe  of  a fliip 
wall  always  be  in  the  arch  of  a great  circle,  by  which 
the  angle  wnth  the  meridians  will  continually  change  : 
all  that  the  lleerfman  can  liere  do  for  preierving  the 
original  rhumb,  is  to  corredl  thefe  deviations  as  foon 
as  they  appear  fenfible.  But  thus  the  fliip  will  in 
reality  deferibe  a courfe  without  the  rhumb-line  in- 
tended ; and  therefore  his  calculations  for  afligning  the 
latitude,  wTere  any  rhumb-line  croffes  the  feveral  me- 
ridians, will  be  in  fome  meafure  erroneous.  He  in- 
vented a method  of  dividing  a quadrant  by^  means  of 
concentric  circles,  which,  after  being  much  improved 
by  Dr.  Halley,  is  ufed  at  prefent,  and  is  called  a 
Nonius. 

In  1577,  Mr  William  Bourne  publiflied  a treatife, 
in  which,  by  confidering  the  irregularities  in  the  moon’s 
motion,  he  fliews  the  errors  of  the  failors  in  finding  her 
age  by  the  epadl,  and  alfo  in  determining  the  hour 
from  obferving  on  what  point  of  tlie  cornpafs  the  fun 
and  moon  appeared.  In  failing  towards  high  latitudes, 
he  advifes  to  keep  the  reckoning  by  the  globe,  as  the 
plane  chart  is  molt  erroneous  in  fuch  fituations.  He 
defpairs  of  our  ever  being  able  to  find  the  longitude, 
unlefs  the  variation  of  the  compafs  fnould  be  occaiioned 
by  fome  fuch  attraGive  point  as  Cortes  had  imagined  ^ 
of -which  however  he  doubts  : but. as  he  liad  fliewn  how 
to  find  the  variation  at  all  times,  he  pidvifcs  to  keep  an 
account  of  the  obfervations,  as  ufeiiil  for  finding  the 
place  of  the  (hip  ; which  advice  was  profecuted  at 
large  by  Simon  Stevln  in  a treatife  publiflied  at  Leyden 
in  1599  ; the  fiibllance  of  which  was  the  fame  year 
printed  at  London  in  Englifli  by  Mr.  Edward  Wright, 
fntitled  the  Haven^findtng  Art^  In  the  fame  old  tradt 
alfo  is  defcribed  the  wuiy  by  which  our  failors  eilimate 
the  rate  of  a (hip  in  her  courfe,  by  the  inilrument 
called  the  Log.  The  author  of  this  contrivance  is 
not  known  ; neither  was  it  farther  noticed  till  1607, 
when  it  is  mentioned  in  an  Eaft-India  voyage  publiflied 
by  X’urchas ; but  from  this  time  it  became  common, 
and  mentioned  by  all  authors  on  Navigation  ; and  it 
flill  continues  to  be  ufed  as  at  fiift,  though  many  attempts 
have  been  made  to  improve  it,  and  contrivances  propofed 
to  fupply  its  place  ; fome  of  which  have  fucceeded  in 
Hill  water,  but  proved  ufclefs  In  a llorniy  fea. 

In 
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In  1581  Michael  Coignet,  a native  of  Antwerp,  pub- 
liilied  a Treatife,  in  which  he  animadverted  on  Medina. 
In  this  he  flievved,  that  as  the  rhumbs  are  fpirals,  mak- 
ing endlefs  revolutions  about  the  poles,  numerous  er- 
rors muft  arife  from  their  being  reprefented  by  ftraight 
lines  on  the  fea-charts  ; but  though  he  hoped  to  find 
a remedy  for  thefe  errors,  he  was  of  opinion  that  the 
propofals  of  Nonius  were  fcarcely  pradlicable,  aixl 
therefore  in  a great  mcafure  ufelefs.  In  treating  of  the 
fun’s  declination,  he  took  notice  of  the  gradual  de- 
creafe  in  the  obliquity  of  the  ecliptic  ; he  alfo  de- 
fcribed  the  Crofs-Staff  with  three  tranfverfe  pieces,  as 
it^w^as  then  in  common  ufe  among  the  failors.  He  like- 
wife  gave  fome  inftriiments  of  his  own  invention  ; but 
all  of  them  are  now  laid  alide,  excepting  perhaps  his 
NoAurnal.  He  conllrudfed  a fca-table,  to  be"  ufed 
by  fuch  as  failed  beyond  the  60th  degree  of  latitude  ; 
and  at  the  end  of  the  book  is  delivered  a Method  of 
Sailing  on  a Parallel  of  Latitude,  by  means  of  a ring 
dial  and  324  hour  glafs. 

In  the  fame  year  Mr.  P^obert  Norman  publifhed  In's 
Difeovery  of  the  Dipping-needle,  in  a pamphlet  called 
the  New  Attra6live  ; to  which  is  always  fubjoined  Mr. 
William  Burroughs's  Difeourfe  of  the  Variation  of  the 
Compafs.--Tn  1594,  Capt.  John  Davis  publiihed  a 
fmall  treatife,  entitled  the  Seaman’s  Secrets,  which 
was  much  elleemed  in  its  time. 

The  writers  of  this  period  complained  much  of  the 
errors  of  the  plane  chart,  which  continued  (till  in  ufe, 
though  they  were  unable  to  difeover  a proper  remedy  : 
tiU  Gerrard  Mercator  contrived  his  Univerfal  iVlap, 
which  he  puoJifned  in  without  clearly  under- 

ftanding  the  principles  of  its  conflrudtion  : thefe  were 
firit  difeoveredby  Mr.  f dward  Wright,  who  fent  an 
account  of  the  true  method  of  dividing  the  meridian 
from  Cambridge,  wheie  he  was  a Fellow,  to  Mr.  Blun- 
devlile,  with  a fiiort  table  for  that  purpofe,  and  a fpe- 
clmen  of  a chart  fo  divided.  Thefe  were  publlfned  by 
Blundevilie  in  1594,  among  his  Exercifes  ; to  the  later 
editions  of  which  was  added  his  Difeourfe  of  Univer- 
fal Maps,  firlb  printed  in  However,  in  1599 

Mr.  Wright  printed  his  Correction  of  certain  PTrois 
jn  Navigation,  in  which  work  lie  fhews  the  reafon  of 
this  dlvifion,  the  manner  of  confiruHlng  his  table,  and 
its  ufes  in  Navigation.  A fecond  edition  of  this  trea- 
tife, with  farther  improvements,  was  printed  in  i6io, 

and  a third  edition  by  Mr.  !V]oxon,"in  1657 The 

Method  of  Approximation,  by  what  is  called  the  middle 
latitude,  now  uled  by  our  failors,  occurs  in  Gunter’s 
vyorks,  firil  printed  in  1623. — About  this  time  Loga- 
rithms began  to  be  introduced,  which  were  applled^to 
Navigation  in  a variety  of  ways  by  Mr.  Edmund  Gun- 
ter ; though  the  firft  application  of  the  Logarithmic 
Fables  to^  the  Cafes  of  Sailing,  was  by  Mr.  Thomas 
Addifon,  in  his  Arithmetical  Navigation,  printed  in 
1625 In  1635  Mr.  Henry  Gellibrand  piinicd  a Dif- 

eourfe Mathematical  on  the  Variation  of  the  Magneti- 
cal  Needle,  containing  his  difeovery  of  the  clumo-es 

to  which  the  variation  is  fubjed In  1631,  Mr.  Ri- 

chard  Norwood  publiflied  an  excellent  Treatife  of  Tri- 
gonometry, adapted  to  the  invention  of  logarithms, 
particularly  in  applying  Napier’s  general  canons  ; and 
for  the  farther  improvement  ot  Navigation,  he  under- 
took the  laborious  work  nicafuring  a degree  oLtho 


meridian,  for  examining  the  dfvifions  of  the  log-Iinc. 
He  has  given  a full  and  clear  account  of  this  operation 
in  his  Seaman’s  Praaice,  firft  publifhed  in  1637  ; where 
he  alfo  deferibes  his  own  excellent  method  of  fetting 
down  and  perfeaing  a fea-reckoning,  &c.  This  trea- 
tife, and  that  of  d rigonometryq  were  often  reprinted, 
as  the  principal  books  for  learning  fcientilically  the  art 
of  Navigation,  What  he  had  delivered,  efpecially  in 
the  latter  of  them,  concerning  this  fubjea,  was  con- 
traUed  as  a manual  for  failors  in  a very  fmall  piece, 
called  his  Epitome,  which  has  gone  through  a great 
number  of  editions. — About  the  year  1 647,  Mr.  Bond 
publiflied,  in  Norwood’s  Epitome,  a very  great  im- 
proyement  in  Wright’s  method,  by  a property  in  his 
meridian  line,  by  winch  its  diviiions  are  m.ore  feientifi- 
cally  afiigned  than  the  author  w^as  able  to  effedl  ; which 
he  deduced  from  this  theorem,  that  thefe  divifions  arc 
analogous  to  the  excefies  of  the  logarithmic  tangents 
of  half  the  refpeetivc  latitudes  increafed  by  45  degrees, 
above  the  logarithm  of  the  radius  ; this  he  afterwards 
explained  morc^  fully  in  the  3d  edition  of  Gunter’s 
works,  printed  in  1653  ; the  demonftration  of  the 
general  theorem  was  fupplied  by  xMr.  James  Gregory  of 
Abtideen,  in  his  Exercitationes  Geometricae,  printed  at 
London  in  1668,  and  afterwards  by  Dr.  Flalley,  in  the 
Plnlof.  Tranf.  numb.  219)  as  alfo  by  Mr.  Cotes,  numb. 
388.' — In  1700,  Mr.  Bond,  wTo  imagined  that  he  had 
difeovered  the  longitude,  by  having  difcovered  the  true 
theory  of  the  magnetic  variation,  publifhed  a general 
map,  on  which  curve  lines  were  drawn,  exprefidno-  the 
paths  or  places  where  the  magnetic  needle  had  the^farae 
vaiiation.  Fhe  pofitions  of  thefe  curves  will  indeed 
continually  fuffer  alterations;  and  therefore  they  fliould 
be  corrected  irom  time  to  time,  as  they  have  ah'eady 
been  for  the  years  1744,  and  1756,  by  Mr.  William 
Mountaine,  and  iMr.  James  Dodfon. — The  allowances 
proper  to  be  made  for  lee-way,  are  very  particularly 
fet  down  by  Mr.  John  Buckler,  and  publlibed  in  a 
fmall  trad  firft  printed  in  1702,  intitled  a New  Com- 
pendium of  the  whole  Art  of  Navigation,  written  by 
Mr.  William  Jones. 

As  it  is  no  w generally  agreed  that  the  earth  is  a fpheroid, 
whofe  axis  or  polar  diameter  is  fhorter  than  the  equa- 
torial diameter.  Dr.  Murdoch  publifhed  a trad  in  1 741, 
in  which  he  adapted  W^right’s,  or  Mercator’s  lading  to 
luch  a figure  and  in  the  fame  year  Mr.  Maclaurin  al- 
fo, in  the  Philof.  1 ranf.  numb.  ^61,  for  determinincr 
tlie  meridional  parts  of  a fpheroid  ; and  he  has  farther 
prolecuted  the  faiiie  fpeculation  in  his  Fluxions,  printed 
in  1742. 

TJiC  method  of  finding  the  longitude  at  fea,  by  the 
obferved  dillances  of  the  moon  from  the  fun  and  ftars, 
comm.only  called  the  Lunar  method,  was  propofed  at 
an  early  itage  in  the  Art  of  Navigation,  and  has  now 
been  happily  carried  into  effedual  execution  by  tlie  en- 
couragement of  the  Board  of  Longitude,  which  was 
ehablifhed  in  rvngland  m the  year  I7I4>  for  rewarding 
any  fuccefsful  endeavours  to  keep  the  longitude  at  fea. 
lathe  year  1767,  this  Board  publifhed  a Nautical  Al- 
manac, which  has  been  continued  annually  ever  fince, 
by  tie  advice,  and  under  the  diredlon  of  the  aibono- 
m.er  royal  at  Greenwich  : this  work  is  puiqmfely  adapt- 
ed to  the  life  of  navigators  in  long  voyages,  and,  among 
a great  many  ufeful  ai  tides,  contains  tables  of  the 
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Irinar  difcancfii  accurately  computed  for  eyeiy  ^ hours 
ui  the  year,-- for  the  purpoie  of  comparing  the  clif- 
tancc  tlius  known  for  any  time,  with  the  diilance  ob- 
fervcd  in  an  uiiknowin  place,  from  whence  to  compute 
the  longitude  -of  thar  place.  Under  the  aufpices  of  this 
Board  too,  befides  giving  encouragement  to  the  au- 
thors of  many  ufefui  tables  and  other  works,  which 
would  otherwife  have  been  loll,  time-keepers  have  been 
brought  to  a wonderful  degree  of  perteflion,  by  Mr. 
Ilarriion,  Mr.  iVrnold,  and  many  otlier  peifons,  wluch 
have  proved  highly  advantageous  in  keeping  the  time 
<laring  long  voyages  at  fea,  and  thence  giving  the  lon- 


gitude. 


found  out.  Thefe  four  things  are,  the  difference  of  la- 
titude, difference  of  longitude,  the  ' reckoning  or  dif- 
tance  run,  and  the  courle  or  rhumb  failed  on.  The  la- 
titudes are  eaiily  found,  and  that  with  fufficient  accu- 
racy : the  courfe  and  dillance  are  had  by  the  log-line, 
or  dead  reckoning,  together  with  the  corupafs.  Nor 
is  there  any  thing  wanUng  to  the  perfedlion  of  Naviga- 
tion, but  to  determine  tlie  longitude.  The  mathemati- 
cians and  aftronomers  of  many  ages  have  applied  them- 
felves,  with  great  aifiduity,  to  fiipply  this^grand  defide- 
matum,  but  not  altogether  with  the  fnccefs  that  was  dc- 
lired,  conhdering  the  importance  of  the  objecl,  and 
the  magnificent  rewards  offered  by  feveral  Hates  to  the 


Some  of  tlie  other  principal  writers  on  Navigation 
airc  Bartholomew  Crefeenti,  of  Rome,  in  1607  j Wil- 
lebrord  Snell,  at  Leyden,  in  1624,  his  Typhis  Bata- 
vus  ; Geo.  Fournier,  at  Paris,  1^33;  John  Baptill 
Riccioli,  at  Bologna,  in  i66i  ; ijechales,  in  1674  and 
^677  ; the  Sienr  Bloiidel  St.  Aubin,  in  1671  and 
1673  ; M.  Daffier,  in  1683  ; M.  Sauveur,  in  1692  ; 
M.'john  Bciiguer,  in  1698;  F.  Pezenas,  im  1733  and 
1741  ; and  M.  Peter  Bougmer,  who,  in^  1753,  pub- 
lilhed  a very  elaborate  treatife  on  this  fubjeft,  intitled, 
Nouveau  Traite  de  Navigation  ; in  which  he  gives  a va- 
riation conipals  of  his  own  invention,  and  attempts 
to  reform  the  Log,  as  he  had  before  done  in  the  Me- 
moirs of  the  Academy  of  Sciences  for  17,47.  He  is 
aifo  very  particular  in  determining  the  lunations  more 
accurately  than  by  the  common  methods,  and  in  de- 
feribing  the  correftions  of  the  dead  reckoning.  This 
book  was  abridged  and  improved  by  M.  de  la  Caille, 
in  1760.  To  thefe  may  be  added  the  Navigation  of 
Don  George  Juan  of  Spain,  In  1757.  And,  in  our 
©wn  nation,  the  feveral  treatifes  of  Meffieurs  New- 
houfe,  Seller,  H^odgfoii,  A-tkinfon,  Fiariis,  Patoun, 
Hauxley,  Wilfon,  Moore,  Nicholfon,  &c  ; but,  over 
all.  The  Elements  of  Navigation,  in  2 vols,  by  Mr. 
John  Robertfon,  firft  printed  about  the  year  1750,  and 
iince  often  re-printed  ; which  is  t^ie  moft  complete  work 
of  the  kind  extant ; and  to  which  ivork  is  prefixed  a 
Differtation  on  the  Rife  and  Progrefs  of  the  modern 
Art  of  Navigation,  by  Dn  James  Wilfon,  containing 
a very  learned  and  elaborate  hiilory  of  the  writings 

and  improvements  in  this  art. 

For  an  account  of  the  feveral  inftriiments  iifed  in  this 
-art,  with  the  methods  for  the  longitude,  and  the  va- 
rious kinds  and  methods  of  Navigation,  &c,  fee  the 
refpedlive  articles  themfelves. 

^^Navi CATION  is  either  Proper  or  Common. 

Navigation,  Common^  ufually  called  Coafting,  in 
which  the  places  are  at  no  great  diftance  from  one  ano- 
ther, and  the  Ihip  fails  ufually  in  fight  of  land,  and 
moftly  within  foundings.  In  this,  little  elfe  is  required 
befides  an  acquaintance  with  the  lands,  the  compafs, 
and  founding-line  ; each  of  which,  fee  in  its  place. 

Navigation,  Proper,  is  where  the  voyage  is  long, 
and  purfued  through  the  main  ocean.  And  here,  be- 
fides the  requifites  in  the  former  cafe,  ai  e likewife  re- 
quired the  ufe  of  Mercator’s  Cliart,  the  azimuth 
and  amplitude  compaffes,  the  log-line,  and  other 
inftriiments  for  cileftial  obfervations  ; as  loreitafts, 
quadrants,  and  other  ieflors,  &c.  ^ 

Nanjigaric7i  turns  chiefiy  upon  four  things  ; two  of 
.which  being  given  or  known,  the  reft  are  thence  eafily 


difeoverer.  See  Longitude. 

Siih-Marmc  Navigation,  or  the  art  of  failing  un- 
der water,  is  mentioned  b)r  Mr.  Boyle,  as  the  defide- 
ratum  of  the  art  of  Navigation.  Tl  his,  he  fays,  was 
fiiccefsfuliy  attempted,  by  Cornelius  Drebbel ; feveral 
perfons  who  were  in  the  boat  breathing  freely  all  the 
time.  See  Diving-Zv//. 

Inland  Navigation,  is  that  perfonned  by  fmall 
craft,  upon  canals  &c,  cut  through  a country. 

NAVIGATOR,  aperfon  capable  of  conduding  a 
firip  at  fea  to  any  place  propofed. 

NAUTICAL  Chart,  the  fame  as  Sea-Chart. 
Nautical  Compafs,  the  fame  as  Sea-Compafs. 
Nautical  Planifphere,  a projedion  or  conftrudion 
of  the  terreftrial  globe  upon  a plane,  for  the  ufe  of 
manners  j fuch  as  the  Plane  Chart,  and  Mercator  s 
Chart. 

NEAP,  or  Neep-T/V^j,  are  thofe  that  happen  at 
equal  diftances  between  the  fpring  tides.  The  Neap- 
tides  are  the  lowelt,  as  the  fpring  tides  are  the  higheft 
ones,  being  the  oppofites  to  them.  And  as  the  higheil 
of  the  fpring  tides  happens  about  three  days  after  the 
full  or  change  of  the  moon,  fo  the  loweft  of  the  Neap 
tides  fall  about  three  days  after  the  quarters,  or  four 
days  before  the  full  and  change  ; when  the  feamen  fay 
it  is  Deep  Neap. 

NEAPED.  When  a fliip  wants  water,  fo  that  fhe 
cannot  get  out  of  the  harbour,  out  of  the  dock,  01  off 
the  ground,  the  feamen  fay,  (he  is  Neaped,  or  Be- 
neaped. 

NEBULOUS,  or  Cloudy,  a term  applied  to  certain 
fixed  liars,  which  (hew  a dim,  hazy  light  ; being  lefs 
than  thofe  of  the  6th  magnitude,  and  therefore  fcarcely 
vifible  to  the  naked  eye,  to  which  at  bell  they  only  ap- 
pear like  little  dufky  fpecks  or  clouds. 

Through  a moderate  telefcope,  thefe  Nebulous  liars 
plainly  appear  to  be  congeries  or  clufters  of  feveral  little 
liars.  In  the  Nebulous  ftar  called  Priefepe,  in  the 
breaft  of  Cancer,  there  are  reckoned  36  little  liars,  3 of 
which  Mr.  Flamfteed  fets  down  in  his  catalogue.  In 
the  Nebulous  ftar  of  Orion,  are  reckoned  21.  F.  le 
Compte  adds,  that  there  are  40  In  the  Pleiades  ; 12  in 
the  ftar  In  the  middle  of  Orion’s  fword;  500  in  the  ex- 
tent of  two  degrees  of  the  fame  conftellation  ; and 
2 500  in  the  whole  conftellation.  It  may  farther  be 
obferved,  that  the  galaxy,  or  milky-way,  is  a conti- 
nued affemblage  of  Nebulae,  or  vail  clufters  of  fmall 

NIlEDHAM  (John  Tuberville),  a refpeaablc 
phllofopher  and  catholic  divine,  was  born  at  London 
December  10,  1713.  His  father  poffeffed  a confider- 
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able  patrimony  at  Hilfton,  in  the  county  of  Mon- 
mouth, being  of  the  younger  or  catholic  branch  of  die 
Needham  family,  and  who  died  young,  leaving  but  a 
fmall  fortune  to  his  four  children.  Our  author,  who 
was  the  eldeft  fon,  ftudied  in  the  Englifli  college  of 
Oouai,  v/here  he  took  orders,  taught  rhetoric  for  fe- 
veral  years,  and  furpaffed  all  the  other  profeflbrs  of 
that  feminary  in  the  knowledge  of  experimental  phi- 
lofophy. 

In  1740,  he  was  engaged  by  his  fuperiors  in  the  fer- 
▼ice  of  the  Englifh  million,  and  was  entrufted  with  the 
direction  of  the  fchool  erefted  at  Twyford,  near  Win- 
cheder,  for  the  education  of  the  Rom.an  Catholic  youth. 
— In  1 744  he  was  appointed  profelTor  of  philofophy  in 
the  Englifh  college  at  Lifbon,  where,  on  account  of  his 
bad  health,  he  remained  only  15  months.  After  his 
return,  he  pafTed  feveral  years  at  London  and  Paris, 
w^hich  were  chiefly  employed  in  microfcopical  obferva- 
tions,  and  in  other  branches  of  experimental  philofophy. 
The  remits  of  thefe  ohfcrvations  and  experiments  were 
publlfhed  in  the  Philofophlcal  Tranfadlions  of  the  Royal 
Society  of  London  in  the  year  1749,  and  in  a volume 
in  i2mo  at  Paris  in  1750  ; and  an  account  of  them  was 
alfo  given  by  M.  Buffon,  in  the  fird  volumes  of  his 
natural  hidory.  There  was  an  intimate  connexion 
fubfided  between  Mr.  Needham  and  this  illudrious 
French  naturalld  : tliey  made  their  experiments  and 
obfervations  together  ; though  the  refults  and  fydems 
which  they  deduced  from  the  fame  objects  and  opera- 
tions were  totally  different. 

Mr.  Needham  was  ele&icd  a member  of  the  Royal 
Society  of  London  in  the  year  1747,  and  of  the  Anti- 
quarian Society  fomie  time  after. — From  the  year  1751 
to  1767  he  was  chiefly  employed  in  dnifliing  the  educa- 
tion of  feveral  Englifli  and  Iridi  noblemen,  by  attend- 
ing them  as  tutor  in  their  travels  through  France,  Italy, 
and  other  countries.  He  then  retired  from  this  ivan- 
dering  life  to  the  Englilh  feminary  at  Paris,  and  in 
1768  w^as  chofen  by  the  Royal  Academy  of  Sciences 
in  that  city  a correfponding  member. 

When  the  regency  of  the  Andrian  Netherlands,  for 
the  revival  of  philofophy  and  literature  in  that  country, 
formed  the  project  of  an  Imperial  Academy,  wdiich 
was  preceded  by  the  ereHion  of  a fmall  literary  fociety 
to  prepare  the  way  for  its  execution,  Mr.  Needham  was 
invited  to  Bruffels,  and  was  appointed  fuccedively  chief 
director  of  both  thefe  foundations  ; an  appointment 
which  he  held,  together  with  fome  ecclefiadical  prefer- 
ments in  the  Low  Countries,  till  his  death,  which  hap- 
pened December  the  50th  1781. 

Mr.  Needham’s  papers  inferted  in  the  Philofophical 
Tranfaeffions,  were  tlie  following,  viz  ; 

1.  Account  of  Chalky  Tubulous  Concretions,  called 
Malm:  vol.  42. 

2.  Microfcopldal  Obfervations  on  Worms  in  Smutty 
Corn  : vol.  42. 

3.  Elecffrical  Experiments  lately  made  at  Paris  : 
vol.  44. 

4.  Account  of  M.  Buffon’s  Mirror,  which  burns  at 
66  feet : ib. 

5.  Obfervations  upon  the  Generation,  Compofition, 
and  Decompofition  of  Animal  and  Vegetable  Sub- 
dances  : vol.  45. 

Vol.  IL 


6.  On  the  Difeovery  of  Albedos  in  France': 
vol.  51. 

Other  works  printed  at  Paris,  in  French,  are, 

1.  New  Microfcopical  Difeoveries  : 1745. 

2.  The  fame  enlarged  : 1750  . 

3.  On  Microfcopical,  and  the  Generation  of  Orga- 
nized Bodies  ; 2 vols,  1769. 

NEEDLE,  Magnetical,  denotes  a Needle,  or  a flon- 
der  piece  of  iron  or  Reel,  touched  with  a loaddone  ; 
which,  when  fuilained  on  a pivot  or  centre,  upon 
which  it  plays  round  at  liberty,  it  fettles  at  length  ilia 
certain  direction,  eitlier  dijly,  or  nearly  north-and- 
fouth,  and  called  the  magnetic  meridian. 

Magnetical  Needles  are  of  two  kinds ; Horizontal 
and  Incllnatory. 

Needles,  are  thofc  equally  balanced  011 
each  fide  of  the  pivot  which  fndains  them  ; and  which, 
playing  horizontally,  with  their  two  extremes  point 
out  the  north  and  fouth  parts  of  the  horizon. 

ConJlriiBion  of  a Horizontal  Needle.  Having  pro- 
cured a thin  light  piece  of  pure  Reel,  about  6 inchea 
long,  a perforation  is  made  in  the  middle,  over  which  a 
brafs  cap  is  foldertd  on,  having  its  inner  cavity  conical, 
fo  as  to  play  freely  on  the  flyle  or  pivot,  which  has  a 
fine  Reel  point.  To  give  the  Needle  its  verticity,  or 
diredlive  faculty,  it  is  rubbed  or  Rroked  lelfurely  on 
each  pole  of  a magnet,  from  the  fouth  pole  towards 
the  north  ; firR  beginning  with  the  northern  end,  and 
going  back  at  each  repeated  Rroke  towards  the  fouth ; 
being  careful  not  to  give  a Rroke  in  a contrary  direc- 
tion, which  would  take  away  the  power  again.  Alfo 
the  hand  fhould  not  return  directly  back  again  the 
fame  way  it  came,  but  Rrould  return  in  a kind  of  oval 
figure,  carrying  the  hand  about  6 or  8 inches  beyond 
the  point  where  the  touch  ended,  but  not  beyond  on 
the  fide  where  the  touch  begins. 

Before  touching,  the  north  end  of  the  Needle,  in 
our  hemifpliere,  is  made  a little  lighter  than  the  other 
end  ; becaufe  the  touch  always  deRroys  an  exacb  ba-. 
lance,  rendering  the  north  end  heavier  than  the  foutii, 
and  thus  caufing  the  Needle  to  dip.  And  if,  after 
touching,  the  Needle  be  out  of  Its  cquilibriuir,  fome- 
thing  muR  be  filed  oiF from  the  heavier  fide,  till  it  be 
found  to  balance  evenly. 

Needles  may  alfo  acquire  the  magnetic  virtue  by 
means  of  artifleial  magnetic  Lars  in  the  following  man- 
ner : Lay  two  equal  Needles  parallel  and  about  an  inch 
afunder,  with  the  north  end  of  one  and  the  fouth  end 
of  the  other  pointing  the  fame  way,  and  apply  two  con- 
ductors in  contaCl  with  their  ends  ; then,  with  two 
magnetic  hard  bars,  one  in  each  hand,  and  held  as 
nearly  horizontal  as  can  be,  wdth  the  upper  ends,  of 
contrary  names,  turned  outwards  to  the  riglit  and  left, 
let  a Needle  be  Rroked  or  rubbed  from  the  middle  to 
both  ends  at  the  fame  time,  for  ten  or  twelve  times, 
the  north  end  of  a bar  going  over  the  fouth  end  of  a 
Needle,  and  the  fouth  end  of  a bar  going  over  the  north 
end  of  a Needle  : tlien,  wdthout  moving  from  the 
place,  change  hands  wdth  the  bars,  or  in  the  fame  hands 
turn  the  other  ends  dowiwvards,  and  Rroke  the  other 
Needle  in  like  manner  ; fo  w'iil  they  both  be  magneti- 
cal. But  to  make  them  Rill  Rronger,  repeat  the  opera- 
tion three  or  four  times  from  Needle  to  Needle,  and 
U , at 
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at  laft  tutTi  tht  lower  fide  of  each  Needle  upwards,  and 
repeat  the  operations  of  iiroking  them,  as  on  the  for- 
mer iides. 

The  Needles  that  were  formerly  applied  to  the  com- 
pafs,  on  board  merchant  fliips,  were  formed  of  two 
pieces  of  Heel  wire,  each  being  bent  in  the  middle,^  fo 
as  to  form  an  obciife  angle,  while  their  ends,  being 
applied  together,  made  an  acute  one,  fo  that  the  whole 
reprefented  the  form  of  a lozenge.  Dr.  Knight,  who 
has  fo  much  improved  the  compafs,  found,  by  lepeated 
experiments,  that  partly  from  the  foregoing  ftruTure, 
and  partly  from  the  unecjiial  hardening  of  the  ends, 
thefe  Needles  not  only  varied  from  the  true  dire6lion, 
but  from  one  another,'  and  from  themfelves. 

Alfo  the  Needles  formerly  ufed  on  board  the  men  of 
war,  and  fome  of  the  larger  trading  (hips,  were  made 
of  one  piece  of  fleel,  of  a fpring  temper,  and  broad 
towards  the  ends,  but  tapering  towards  the  middle. 
Every  Needle  of  this  form  is  found  to  have  fix  poles  in- 
ilead  of  two,  one  at  each  end,  two  where  it  becomes  ta- 
pering, and  two  at  the  hole  in  the  middle. 

To  remedy  thefe  errors  and  inconveniences,  the 
Needle  rvhich  Dr.  Knight  contrived  for  his  compafs,  13 
a {lender  parallelopipedoii,  being  quite  ftraight  and 
fquare  at  the  ends,  and  fo  has  only  two  poles,  although 
the  curves  arc  a little  confufed  about  the  hole  in  the 
middle  ; though  it  is,  upon  the  whole,  the  fimplell 

and  beif. 

Mr.  Michel!  fuggefls,  that  it  would  be  ufeful  to  in- 
creafe  the  weight  and  length  of  magnetic  Needles, 
which  would  render  them  both  more  accurate  and  per- 
manent ; alfo  to  cover  them  with  a coat  of  linfeed  oil,  or 
varnifh,  to  preferve  them  from  any  ruft. 

A Needle  on  occafion  may  be  prepared  without 
touching  it  on  a loadftone  : for  a fine  Heel  fewing  Nee- 
dle, gently  laid  on  the  water,  or  delicately  fufpended 
in  the  air,  will  take  the  north -and-fouth  diredlion,— 
Thus  alfo  a Needle  heated  in  the  Hre,  and  cooled  again 
in  the  dirediion  of  the  meridian,  or  only  in  an  eredt  po- 
rtion, acquires  the  fame  faculty.  . , j • 

DeclinatiQn  or  Variation  of  the  Needle,  is  the  devia- 
tion of  the  horizontal  Needle  from  the  meridian  ; or 
the  angle  it  makes  with  the  meridian,  when  freely  fuf- 
pended in  an  horizontal  plane.  ' 

A Needle  is  always  changing  the  line  of  its  direction, 
traverfing  (lowly  to  certain  limits  towards  the  eaH  and 
weft  (ides  of  the  meridian.  It  was  ac  firft  thought  that 
the  magnetic  Needle  pointed  due  north  ; hut  it  was 
©bferved  by  Cabot  and  Coliim/bus  that  it  had  a devia- 
tion from  the  north,  though  they  did  not  fufpea  that 
this  deviation  had  itfelf  a variation,  and  was  contin^ually 
changing.  This  change  in  the  Variation  was  hrft  found 
out,  according  to  Bond,  by  Mr.  John  Mair,  fecondly 
by  Mr.  Gunter,  and  thirdly  by  Mr.  Gellibrand,  by  com- 
paring together  the  obfervations  made  at  diHerent  times 
near  the  fame  place  by  Mr.Biirrowes,  Mr.  Gunter,  and 
himfelf,  and  he  p.ublifhed  a Difeourfe  upon  it  m 1635. 
Soon  after  this,  Mr.  Bond  ventured  to  deliver  the  rate 
at  which  the  Variation  changes  for  feveral  years  ; by 
which  he  foretold  that  at  London  in  1657  there  vyould 
be  no  Variation  of  the  compafs,  and  from  that  time  it 
would  gradually  increafe  the  other  way,  or  towards  the 
weft,  making  certain  revolutions ; which  happened  ac- 


cordingly ; and  upon  this  Variation'  he  propofed  a mc-- 
thod  of  finding  the  longitude,  which  has  been  farther* 
improved  by  many  others  fince  his  time,  though  witK 
very  little  fuccefs.  See  Variation. 

The  period  or  revolution  of  the  Variation,  Henry- 
Philips  made  only  370  years,  but  according  to  Henry 
Bond  it  is  600  years,  and  their  yearly  motion  36  mi- 
nutes. The  firft  good  obfervations  of  the  Variation 
were  by  Burrowes,  about  the  year  1580,  wnen  the  Va- 
riation at  London  was  1 1°  15'  eaft  ; and  fince  that  time 
the  Needle  has  been  moving  to  the  weftward  at  that- 
place  ; alio  by  the  obfervations  of  different  perfons,  it- 
has  been  found  to  point,  at  different  times,  as  below  : 


7'ears.  Ohjervers, 


Variat,  or  JV, 


1580 

1622 

1634 

164.0 

1657 

1665 

1666 
1672 
1683 
1692 
1723 
1747 

1774 

1775 

1776 

1777 

1778 

1779 

1780 


Burrowes 

Gunter 

Gellibrand 

Bond 

Bond 

Bond 

Bond 


Graham 


Royal 

Royal 

Royal 

Royal 

Royal 

Royal 

Royal 


Society 

Society 

Society 

Society 

Society 

Society 

Society 


11° 

5 
4 

3 

0 

1 

1 

2 

4 

6 

H 

17 

21 

21 

21 

22 
22 
22 


15'  Eaft. 

56 

3 

7 

o 

23  Weftk 
36 

30 

30 

00 

17 

40 
16 

43 

47 

12 

20 

28 

41 


By  this  Table  it  appears  that,  from  the  firft  obfer- 
vations in  15  80  till  1657,  the  change  in  the  Variation 
was  11°  15'  in  77  years,  which  is  at  the  rate  nearly  of 
9'  a year;  and  from  1657  till  1780,  or  the  fpace  of 
123  years,  it  changed  22°  41^,  which  is  at  the  rate  of 
jj'  ^ year  nearly  ; which  it  may  be  prefumed  is  very 

near  the  truth. 

The  Variation  and  Dip  of  the  Needle  was  for  many 
years  carefully  obferved  by  the  Royal  Society  while 
they  met  at  Crane  Court ; and  it  is  a pity  that  fuch 
obfervations  have  not  been  continued  fince  that  time. 

Dipping,  or  IncUnatory  Needle,  is  a Needle  to  Hiew 
the  Dip  of  the  Magnetic  Needle,  or  how  far  it  points 

below  the  horizon.  - « 1 

The  Inclination  or  Dip  of  the  Needle  was  hrlt  oh- 
ferved  by  Robert  Norman,  a compafs-maker  at  Rat- 
cliffe  ; and  according  to  him,  the  dip  at  that  place,  in 
the  year  1576,  was  71°  50';  and  at  the  Royal  Society 
it  was  ob ferved  for  fome  years  lately  as  follows  : 

viz  in  1776  - 7^*^  3*^ 

1778  - 72  25 

1780  - 72  D* 

Mr.  Henry  Bond  makes  the  Variation  and  Dip 
of  the  Needle  depend  on  the  fame  motion  of  the  mag- 
netic poles  in  their  rcvoluiion,  and  upon  it  he  founded 
a method  of  difeovering  the  longitude  at  fea. 
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J^EEP  ^iJes.  See  Neap  Tides* 

NEGATIVE,  in  Algebra,  fomething  marked  with 
the  f^n  — , or  minus,  as  being  contrary  to  iuch  as  are 
pofitive,  or  marked  with  the  fign  plus  +.  As  Negative 
powei's  and  roots,  Negative  quantities,  8cc.  See 
Power,  Root,  Quantity,  &c. 

Negative  6’/y«,  the  fign  of  fubtra(S:ion  or  that 
which  denotes  fomething:  in  defecl.  Stifel  is  the  firil 
■author  I find  who  iiied  this  mark  — for  fubtracdion,  or 
negation  ^ before  his  time,  the  word  minus  itfelf  was 
tiled,  or  elfe  its  initial  m. 

The  ufe  of  the  Negative  fign  in  algebra,  is  attended 
■Vidth  feveral  confcqiiences  that  at  hrrt:  fight  are  admitted 
with  feme  difiiculty,  and  has  fometimes  given  occafion 
to  notions  that  feem  to  have  no  real  foundation.  This 
fign  implies,  that  the  real  value  of  the  quantity  repre- 
fented  by  the  letter  to  which  it  is  prefixed,  is  to  be  fub- 
tra<fled  ; and  it  ferves,  with  the  politive  fign,  to  keep 
in  view  what  elements  or  parts  enter  into  the  compofi- 
tion  of  quantities,  and  in  what  manner,  whether  as  in- 
crements or  decrements,  that  is  whether  by  addition  or 
iubtradlion,  which  is  of  the  greatelt  ule  in  this  art. 

Hence  it  ferves  to  exprefs  a quantity  of  an  opposite 
quality  to  a pofitive  ; fuch  as  a line  in  a contrary  poli- 
tion,  a motion  with  oppofite  diredlion,  or  a centrifugal 
force  in  oppofition  to  gravity;  and  thus  it  often  laves  the 
trouble  of  dittinguifhing,  and  demonllrating  feparately, 
the  various  cafes  of  proportions,  and  preferves  their  ana- 
logy in  view.  But  as  the  proportions  of  lines  depend  on 
their  magnitude  only,  without  regard  to  their  politioii  ; 
and  morions  and  forces  are  faid  to  be  equal  or  unequal, 
in  any  given  ratio,  without  regard  to  their  directions  ; 
and  in  general  the  proportion  of  quantities  relates  to 
their  magnitude  only,  without  determining  whether 
they  are  to  be  confidered  as  increments  or  decrements  ; 
fo  there  is  no  ground  to  imagine  any  other  proportion 
of  and  — than  that  of  the  real  magnitudes  of 
the  quantities  reprefented  by  a and  />,  whether  thefe 
quantities  are,  in  any  particular  cafe,  to  be  added  or 
fiibtratffed. 

As  to  the  ufual  arithmetical  operations  of  addition, 
fubtraCtioii,  See,  the  cafe  is  different,  as  the  effebl  of 
the  Negative  fign  is  here  to  be  carefully  attended  to, 
and  is  to  be  confidered  abvays  as  producing,  in  thofe 
operations,  an  effedt  juft  oppofite  to  the  politive  lign. 
Thus,  it  is  the  fame  thing  to  fubtracf  a decrement  as  to 
add  an  equal  increment,  or  to  fubtraA  — 6 from  a — h, 
is  to  add  -f  to  it : and  becaufe  mnltipiying  a quan- 
tity by  a Negative  number,  implies  only  a rcjieated 
fubtraftion  of  it,  the  multiplying  — 3 by  — n,  is  fub- 
trafting  — as  often  as  there  are  links  in  r,  and  is 
therefore  equivalent  to  adding  h io  many  times,  or 
the  fame  as  adding  + nb.  But  if  we  infer  from  this, 
that  I is  to  — /?  as  — Z-  to  nb,  according  to  the  rule,  that 
unit  is  to  one  of  the  fadlors  as  the  other  faClor  is  to  the 
produfl,  there  is  not  ground  to  imagine  that  there  is 
any  my  fiery  in  this,  or  any  other  meaning  than  that 
the  real  quantities  reprefented  by  i,  n,  h,  and  v.b  are 
}>roportional.  For  thatrule  relates  only  to  the  magnitude 
of  the  feiClors  and  product,  without  determining  wlie- 
ther  any  fadtor,  or  the  prodiifb,  is  additive  or  fuhtr ac- 
tive. But  this  likewife  muft  be  determined  in  algebraic 
computations  ; and' this  is  the  proper  ufe  concerning 
the  figns,  without  which  the  operation  could  not  pro- 


ceed. Becaufe  a quantity  to  be  fiibtrafted  is  never 
produced,  in  compofition,  by  any  repeated  addition  of 
a pofitive,  or  repeated  fubtraciion  of  a Negative,  a Ne- 
gative fquare  number  is  never  produced  by  compofi- 
tion from  a root.  Elence  the  v'  — i , or  the  fquare  root 
of  a Negative,  implies  an  imaginary  quantity,  and  in 
refolution  is  a mark  or  charatler  of  the  impoftible  cafes 
of  a problem,  unlefs  it  is  compenfated  by  another  ima- 
ginary fymbol  or  fiippofition,  for  then  the  v/hole  ex- 
prefnon  may  have  a real  lignilication.  Thus  l — i, 

and  I \j'  — I,  taken  feparately,  are  both  imaginary, 
but  yet  their  fum  is  the  number  2 : as  the  conditions 
that  feparately'  would  render  the  folution  of  a problem 
impoflible,  in  fomc  cafes  deftroy  each  others  effedft  when 
conjoined.  In  the  purfuit  of  general  conclufions,  and 
of  fimple  forms  for  reprefentiiig  them,  expreftions  of 
this  kind  muft  fometimes  ariie,  where  the  imaginary 
fymbol  is  com.penfated  in  a manner  that  is  not  always 
fo  obvious. 

By  proper  fubftitutions,  however,  the  exprcftion 
may  be  transformed  into  another,  wherein  each  parti- 
cular term  may  have  a real  iiguification,  as  well  as  the 
whole  exprefhon. 

The  theorems  that  are  fometimes  briefly  difeovered 
by  the  ufe  of  this  fymbol,  may  be  demonftrated  with- 
out it  by  the  inverfe  operation,  or  fome  other  way  ; and 
though  iuch  fymbols  are  of  fome  ufe  in  the  computa- 
tions in  the  method  of  fiixions,  &c,  its  evidence  can- 
not be  faid  to  depend  upon  any'-  arts  of  this  kind.  Sec 
Maclaiiriiv’s  Fluxions,  book  2,  chap.  i. 

Mr.  Baron  Maferes  piibliflicd  a pretty  large  book  in 
quaito,  on  the  ufe  of  the  Negative  Sign  in  algebra. 

For  the  rules  or  ways  of  uling  the  Negative  fign  in 
the  feveral  rules  of  Algebra,  fee  thofe  rules  feverally, 
viz.  Addition,  Subtraction,  Multiplication, 
&c.  And  for  the  method  of  managing  the  roots  of 
Negative  quantities,  fee  Impossibles. 

NEPER.  See  Napier. 

NEWEL,  the  upright  poft  that  flairs  turn  about ; 
being  that  part  of  the  flaircafe  which  fuflaiiis  the  fleps. 

NEWTON  (Dr.  John),  an  eminent  Englifti  ma- 
thematician and  divine,  was  the  grandfoii  of  John 
Newton  of  Axmouth  in  Devonfhire,  and  fon  of  Idum 
phrey  Newton  of  Oundle  in  Northamptonfhire,  where 
he  was  born  in  1622.  After  receiving  the  proper  foun 
dation  of  a grammar  education,  he  was  fent  to  Oxford, 
where  he  was  entered  a commoner  of  St.  Edmund’s 
Hall  in  1637.  lie  took  the  degree  of  bachelor  of 
arts  in  1641  ; and  the  year  following  he  was  created 
mailer,  in  precedence  to  many  ftudents  of  quality, 
on  account  of  his  dillingiiilhed  talents  in  the  great 
branches  of  literature.  His  genius  leading  liim  ftrorig- 
ly  to  aftromnny  and  mathematics,  he  applied  himrelf 
diligently'  to  thole  fciences,  as  well  as  to  divinity,  and 
made  a great  proficiency  in  tliem,  which  he  found  of 
fome  fervice  to  him  during  Crom well’s  government. 

After  the  reftoration  of  Charles  the  2d,  he  reaped 
the  fruits  of  his  loyalty  : being  created  do6lor  of  divi- 
nity at  Oxford,  Sept.  1661,  he  was  made  one  of  the 
king’s  chaplains,  and  reclor  of  Rofs  in  Herefordihire, 
inftead  of  Mr.  John  Toombes,  ejedled  for  noncon- 
formity. He  held  this  living  till  his  death,  which 
happened  at  Rofs  on  Chriftmas  day^  56  years 

of  age. 
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Mr,  Wood  gave  him  the  chara£ler  of  a capricious 
ai>d  humourfoine  perfon.  However  that  be,  his  writ- 
ings are  a proof  of  his  great  application  to  fliidy,  and 
a iuHcient  monument  of  his  genius  and  iieill  in  the 
mathematical  fcieiices.  Thefe  are, 

1.  Atironomia  Britannica,  &c  ; in  410,  1656. 

2.  Help  to  Calculation  ; with  Tables  of  Declina- 
tion, &c  : 4to,  1657. 

3.  Trigonometria  Britannica,  in  two  books  ; the 
one  compoled  by  our  author,  and  the  other  tran Hated 
from  the  Tatin  of  Henry  Gellibrand  : folio,  165^!. 

4.  Chiliades  Centum  Logarithmorum,  printed  with, 

5.  Cl eometrical  Trigonometry  : 1659. 

6.  Mathematical  Elements,  three  parts  ; 4to,  1660. 

7.  A Perpetual  Diary,  or  Almanac  : 1662. 

8.  Defeription  of  the  Ufe  of  the  Carpenter’s  Rule : 
1667. 

9.  Ephemerides,  (hewing  the  interefl  and  rate  of 
money  at  6 per  cent.  &c  : 1667. 

10. "  Chiliades  Centum  Logarithmorum  et  Tabula 
Partiiim  Proportionaiium  : 1667. 

ir.  The  Rule  of  Interell,  or  the  Cafe  of  Decimal 
Fraelions,  &c,  part  2 : 8vo,  1668. 

12.  Schooi-pallimes  for  young  children,  See  : 8vo, 
1669. 

13.  Art  of  Practical  Gauging,  &c  : 1669. 

14.  Introdiiffion  to  the  art  of  Rhetoric  : 1671. 

15.  The  Art  of  Natural  Arithmetic  in  Whole 
Numbers,  and  Frahfions  Vulgar  and  Decimal ; 8vo,  1671.^ 

16.  The  Englilh  Academy ; 8vo,  1677* 

17.  Cofmography. 

18.  Introduction  to  Aftronomy. 

19.  Introduction  to  Geography  : 8vo,  1678. 
NEWTON  (Sir  Isaac),  one  of  the  greateft  phi- 

lofophers  and  mathematicians  the  w'orld  has  produced, 
was  born  at  WooHlrop  in  Lincolnlhire  on  Chriftmas 
day  1642.  He  was  deicended  from  the  eldeft  branch 
of  the  family  of  Sir  John  Newton,  bart.  who  were 
lords  of  the  manor  of  VCoolflrop,  and  had  been  pof- 
feffed  of  the  eftate  for  about  two  centuries  before  ^ to 
which  they  had  removed  from  Wellley  in  the  fame 
county,  but  originally  they  came  from  the  town  of 
Newton  in  Lancaflrire.  Other  accounts  fay,  I think 
more  truly,  that  he  was  the  only  child  of  Mr.  John 
Newton  of  Colefworth,  near  Grantham  in  Lincolnfhire, 
who  had  there  an  eilate  of  about  120I.  a year, 
which  he  kept  in  his  own  hands.  His  mother  was  of 
the  ancient  and  opulent  family  of  the  Ayfeoughs,  or 
AHeews,  of  the  fame  county.  Our  author  lofing  his 
father  while  he  was  very  young,  the  care  of  his  educa- 
tion devolved  on  his  mother,  who,  though  (he  married 
again  after  his  father’s  death,  did  not  negleCI  to  im- 
prove by  a liberal  education  the  promifmg  genius  that 
was  obferved  in  her  fon.  At  12  years  of  age,  by  the 
advice  of  his  maternal  uncle,  he  was  fent  to  the  gram  - 
mar  fchool  at  Grantham,  where  he  made  a good  profi- 
ciency in  the  languages,  and  laid  the  foundation  of  his 
future  ftudies.  Even  here  was  obferved  in  him  a ftrong 
inclination  to  figures  and  philofophical  fubjeCls.  One 
trait  of  this  early  difpofition  is  told  of  him  : he  had 
then  a rude  method  of  meafuring  the  force  of  the  wind 
blowing  againfi;  him,  by  obferving  bow  much  farther 
he  could  leap  in  the  direction  of  the  wind,  or  blowing 


on  his  back,  than  he  could  leap  the  contrary  way,  or 
oppofed  to  the  wind  : an  early  mark  of  his  original 
infantine  genius. 

After  a few  years  fpent  here,  his  mother  took  him 
home  ; intending,  as  (he  had  no  other  child,  to  have 
the  pleafure  of  his  company  ; and  that,  after  the  man- 
ner of  his  father  before  him,  he  (hould  occupy  his  own 
eftate. 

Blit  in  (lead  of  minding  the  markets,  or  the  bnfinefs 
of  the  farm,  he  was  always  ftudying  and  poring  over 
his  books,  even  by  fteaith,  from  his  mother’s  know- 
ledge. On  one  of  thefe  occafions  his  uncle  difeovered 
hirn  one  day  in  a hay-loft  at  Grantham,  whither  he 
had  been  fent  to  the  market,  working  a mathematical 
problem  ; and  having  othervvife  obierved  the  boy’s 
mind  to  be  uncommonly  bent  upon  learning,  he  pre- 
vailed upon  his  fifter  to  part  with  him  ; and  he  \vas 
accordingly  fent,  in  1660,  to  Trinity  College  in  Cam- 
bridge, where  his  uncle,  having  himfelf  been  a mem- 
ber of  it,  had  (till  many  triends.  Ifaac  was  foon  taken 
notice  of  by  Dr.  Barrow,  who  was  foon  after  appoint- 
ed the  firft  Lucafian  profeffor  of  mathematics  ; and 
obferving  his  bright  genius,  contracted  a great  friend- 
fhip  for  him.  At  his  outfetting  iier€,  Euclid  was  firft 
put  into  his  hands,  as  ufual,  but  that  author  was  foon 
difmiiTed  ; feeming  to  him  too  plain  and  eafy,  and 
unworthy  of  taking  up  his  time.  He  underftood  him 
aimoft  before  lie  read  him ; and  a caft  of  his  eye  upon 
the  contents  of  his  theorems,  w'as  fufiiclent  to  make 
him  mailer  of  them  : and  as  the  analytical  method  of 
Des  Cartes  was  then  much  in  vogue,  he  particularly  ap- 
plied to  it,  and  Kepler’s  Optics,  &c,  making  feveml 
improvements  on  them,  which  he  entered  upon  the 
margins  of  the  books  as  he  went  on,  as  his  cuilom  was 
in  ftudying  any  author. 

Thus  he  was  employed  till  the  year  1 664,  when  he 
opened  a way  into  his  new  method  of  Fluxions  and  In- 
finite Series;  and  the  lame  year  took  the  degree  of  ba- 
chelor of  arts.  In  the  mean  time,  obferving  that  the 
mathematicians  were  much  engaged  in  the  bufinefs  of 
improving  telefcopes,  by  grinding  glalTes  into  one  of 
the  figures  made  by  the  three  feCtions  of  a cone, 
upon  the  principle  then  generally  entertained,  that 
light  was  homogeneous,  he  fet  himfelf  to  grinding  of 
optic  glaiTes,  of  other  figures  than  fpherical,  having  as 
yet  no  diftruft  of  the  homogeneous  nature  of  light : but 
not  hitting  prefently  upon  any  thing  in  this  attempt  to 
fatisfy  his  mind,  he  procured  a glafs  prifm,  that  he  might 
try  the  celebrated  phenomena  of  colours,  difeovered  by 
Grimaldi  not  long  before.  He  was  much  pleafed  at  firft 
with  the  vivid  brightnefs  of  the  colours  produced  by 
this  experiment ; but  after  a while,  confidering  them 
in  a philofophical  way,  with  that  circumfpeCtion  which 
was  natural  to  him,  he  was  furprifed  to  fee  them  in  an 
oblong  form,  which,  according  to  the  received  rule  of 
refraHions,  ought  to  be  circular.  At  firft  he  thought 
the  irregularity  might  pofiibly  be  no  more  than  acci- 
dental ; but  this  was  what  he  could  not  leave  without 
further  enquiry  ; accordingly,  he  foon  invented  an  in- 
fallible method  of  deciding  the  queftion,  and  the  refult 
' was,  his  New  Theory  of  Light  and  Colours, 

However,  the  theory  alone,  unexpected  and  furprif- 
jng  as  it  was,  did  not  fatisfy  him  ; he  rather  confidered 
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the  proper  ufe  that  might  be  made  of  it  for  improving 
teleicopes,  which  was  his  find  defign.  To  this  end, 
having  now  difeovered  that  light  was  not  homogene- 
ous, but  an  heterogeneous  mixture  of  diflFerentlp  re- 
frangible rays,  he  computed  the  errors  arihng  from  this 
different  refiangibility ; and,"^  hnding  them  to  exceed 
feme  hundreds  of  times  thole  oecafioned  by  the  circu- 
lar figure  of  the  glaffes,  he  threw  afide  his  glafs  works, 
and  took  refiedlions  into  confideration.  He  was  now 
fenfible  that  optical  inftruments  might  be  brought  to 
any  degree  of  perfe^ion  defired,  in  cafe  there  could  be 
found  a refiedling  fubftance  which  would  polilh  as  finely 
as  glafs,  and  reflect  as  much  hght  as  glafs  tranfmits, 
and  the  art  of  giving  it  a parabolical  figure  he  alfo  at- 
tained : but  thefe  feemed  to  him  very  great  difficulties  ; 
nay,  he  almoft  thought  them  infiiperable,  when  he  fur- 
ther confidered,  that  every  irregularity  in  a reflecting 
fuperficies  makes  the  rays  llray  five  or  fix  times  more 
from  their  due  courfe,  than  the  like  irregularities  in  a 
refradfing  one. 

Amidff  thefe  fpeculations,  he  was  forced  from 
Cambridge,  in  1665,  by  the  plague;  and  it  was  more 
than  two  years  before  he  made  any  further  progrefs 
in  the  fubjedf.  However,  he  was  far  from  palling  his 
time  idly  in  the  country  ; on  the  contrary,  it  was  here, 
at  this  time,  that  he  firft  ftarted  tlie  hint  that  gave  rife 
to  the  fyftem  of  the  world,  which  is  the  main  fubjedl  of 
the  Prmcipia.  In  his  retirement,  he  was  fitting  alone 
in  a garden,  when  fome  apples  falling  from  a tree,  led 
his  thoughts  upon  the  fubjedt  of  gravity  ; and,  refledfing 
on  the  power  of  that  principle,  he  began  to  confider, 
that,  as  this  power  is  not  found  to  be  fcnfibly  dimi- 
nilhed  at  the  remotell  diifance  from  the  centre  of  the 
earth  to  which  we  can  rife,  neither  at  the  tops  of  the 
loftieff  buildings,  nor  on  the  fummits  of  the  higheft 
mountains,  it  appeared  to  him  reafonable  to  conclude, 
that  this  power  mull  extend  much  farther  than  is 
ufually  thought.  “ AVhy  not  as  higli  as  the  moon  ? 
faid  he  to  himfelf ; and  if  fo,  her  motion  mull  be 
influenced  by  it ; perhaps  Ihe  is  retained  in  her  oi'- 
bit  by  it : however,  though  the  power  of  gravity  is 
not  fenfibly  weakened  in  the  little  change  of  diilance 
at  which  we  can  place  ourlelves  from  the  centre  of  the 
earth,  yet  it  is  very  pofiible  that,  at  the  height  of  the 
moon,  this  power  may  differ  in  llrength  much  from 
what  it  is  here.’^  To  make  an  ellimate  what  uffght  be 
the  degree  of  this  diminution,  he  confidered  with  him- 
felf, that  if  the  moon  be  retained  in  her  orbit  by  tlie 
force  of  gravity,  no  doubt  the  primary  planets  are  car- 
ried about  the  fun  by  the  like  power  ; and,  by  com- 
paring the  periods  of  the  lever  al  planets  with  their 
dillances  from  the  fun,  he  found,  that  if  any  power 
like  gravity  held  them  in  their  courfes,  its  llrength 
mull  decreafe  in  the  duplicate  proportion  of  the  in- 
creafe  of  diilance.  This  he  concluded,  by  fuppofing 
them  to  move  in  perfedl  circles,  concentric  to  the  fun, 
from  which  the  orbits  of  the  greatell  part  of  them  do 
not  much  differ.  Suppofing  therefore  the  force  of  gra- 
vity, when  extended  to  the  moon,  to  decreafe  in  the 
fame  manner,  he  computed  whether  that  force  would 
be  fufficient  to  keep  the  moon  in  her  orbit. 

In  this  computation,  being  abfent  from  books,  he 
took  the  common  ellimate  in  ufe  among  the  geogra- 
phers and  our  feamen,  before  Norwood  had  meafured 


the  earth,  namely  that  60  miles  make  one  degree  of 
latitude  ; but  as  that  is  a very  erroneous  fuppofition, 
eacli  degree  containing  about  693  of  our  Englifli  miles, 
his  computation  upon  it  did  not  make  the  power  of 
gravity,  decreaiing  in  a duplicate  proportion  to  the 
diilance,  anfwerable  to  the  power  tvhich  retained  the 
moon  in  her  orbit : whence  he  concluded,  that  fome 
other  caufe  mull  at  leall  join  with  the  adtion  of  the 
power  of  gravity  on  the  moon.  For  this  rcafon  he  laid 
alidc,  for  that  time,  any  further  thoughts  upon  the 
matter.  Mr.  Whillon  (in  his  Memoirs,  pa.  33)  fays, 
he  told  him  that  he  thought  Des  Cartes’s  vortices  might 
concur  with  the  action  of  gravity. 

Nor  did  he  refumie  this  enquiry  on  his  return  to  Cam- 
bridge, which  was  liiortly  after.  The  truth  is,  his 
thoughts  were  now  engaged  upon  his  newly  proje6led 
refleiling  telefcope,  of  which  he  made  a foiall  fpeci- 
men,  with  a metallic  reflector  fpherically  concave'.  It 
was  but  a rude  effay,  chiefly  defe6live  by  the  want  of 
a good  polilh  for  the  metal.  This  inllrument  is  now 
in  the  pofTelTion  of  the  Royal  Society.  In  1667 
was  chofen  Fellow  of  his  college,  and  took  the  degree 
of  mailer  of  arts.  And  in  1669  Dr.  Barrow  refigiicd 
to  him  the  mathematical  chair  at  Cambridge,  the 
bufinels  of  which  appointment  interrupted  for  a while 
his  attention  to  the  telefcope  ; however,  as  his  thoiiglits 
had  been  for  fome  time  chiefly  employed  upon  optics, 
he  made  his  difeoveries  in  that  fcience  the  lubjecl  of  his 
leflures,  lor  the  fiiil  three  years  after  he  was  appointed 
Mathematical  Prolelfor  ; and  having  now  brought  his 
P hecry  of  J Aght  and  Colours  to  a confiderable  degree  of 
perfection,  and  having  been  defied  a Fellow  of  the 
Royal  Society  in  Jan.  1672,  he  communicated  it  to 
that  body',  to  have  theii  judgment  upon  it  ; and  it 
was  afterwards  publithed  in  their  Tranfaftious,  viz,  of 
Feb.  19,  1672.  'Fliis  publication  oceafioned  a difpute 
upon  the  truth  of  .it,  which  gave  him  fo  much  uneaii- 
nefs,  that  he  refolved  not  to  publifh  any  thing  further 
for  a while  upon  the  fubjefl ; and  in  that  refolution  he 
laid  up.  his  Optical  Lectures,  although  he  had  prepared 
them  lor  the  prefs.  And  the  Analyfis  hy  Ivfniie  Strlesy 
which  he  had  intended  to  fubjoin  to  them,  unhappily 
for  the  world,  underwent  the  fame  fate,  and  for  the 
fame  reafun. 

In  this  temper  he  refumed  his  telefcope  ; and  ob- 
ferving  that  there  was  no  abfoiute  ueccfiity  for  the  pa- 
rabolic figure  ol  the  glalfes,  fiiice,  if  metals  could  be 
ground  truly  fphcrical,  they  would  be  able  to  bear  as 
great  apertures  as  men  could  give  a polifli  to,  be 
completed  another  inllrument  of  the  fame  kind.  This 
anfwenng  the  purpofe  fo  well,  as,  though  only  half  a 
foot  in  length,  to  fhew  the  planet  Jupiter  dillmclly 
round,  with  his  four  fatellites,  and  alfo  Venus  horned, 
he  fent  it  to  the  Royal  Society^,  at  their  requeft,  to- 
gether with  adefeription  of  it,  with  further  particulars; 
which  were  publilhed  in  the  Philofophical  TranfaClions 
for  March  1672.  Several  attempts  w'ere  alfo  made  by 
that  fociety  to  bring  it  to  perfeclion  ; but,  for  want 
of  a proper  compofition  of  metal,  and  a good  poliih, 
nothing  fucceeded,  and  the  invention  lay  dormant,  till 
Hadley  made  his  Newtonian  telefcope  in  1723.  At  the 
requell  of  Leibnitz,  in  1676,  he  explained  his  invention 
of  Infinite  Series,  and  took  notice  how  far  he  had  im- 
proved it  by  his  Method  of  Fluxions,  which  however 

he 


NEW 


N'E  W 


[ iS=>  ] 


he  {lill  concealed,  and  particularly  on  this  occafion,  by 
a traiifpofition  of  the  letters  that  make  up  the  two  fun- 
damental propofitions  of  it,  into  an  alphabetical  order ; 
the  letters  concerning  which  are  inferted  in  Collinses 
Commercium  Epiftolicurn,  printed  1712.  In  the  win- 
ter between  the  years  1676  and  1677,  he  found  out 
the  grand  propofition,  that,  by  a centripetal  force 
adting  reciprocally  as  the  fquare  of  the  diilance,  a planet 
mull  revolve  in  an  ellipfis,  about  the  centre  of  torce 
placed  in  its  lower  focus,  and,  by  a radius  drawn  to 
that  centre,  defcnbe  areas  proportional  to  the  times. 
In  1680  he  made  feveral  allronomical  obfervations  upon 
the  comet  that  then  appeared  ; which,  for  feme  conli- 
derable  time,  he  took  not  to  be  one  and  the  fame,  but 
two  different  comets  ; and  upon  this  occafion  feveral 
letters  pafied  between  him  and  Mr.  Fiamlleed. 

He  was  ilill  under  this  millake,  wdieii  he  received  a 
letter  from  Dr.  Hook,  explaining  the  nature  of  the  line 
deferibed  by  a falling  body,  fuppofed  to  be  moved  cir- 
cularly by  the  diurnal  motion  of  the  earth,  and  perpen- 
dicularly  by  the  power  of  gravity.  This  letter  put 
him  upon  enquiring  anew  wliat  was  the  real  figure  111 
which  fuch  a body  moved  ; and  that  enquiry,  convincing 
him  of  another  miftake  which  he  had  before  fallen  into 
concerning  that  figure,  put  him  upon  reluming  his 
former  thoughts  with  regard  to  the  moon  ; and  Picart 
having  not  long  before,  viz,  in  1679,  meafured  a de- 
gree of  the  earth  with  fufScient  accuracy,  by  uung  his 
meafures,  that  planet  appeared  to  be  retained  in  her 
orbit  by  the  foie  power  of  gravity  ; and  confequently 
that  this  power  decreafes  in  the  duplicate  ratio  of  the 
diflance  ; as  he  had  formerly  conjedlured.  Upon  this 
principle,  he  found  the  line  deferibed  by  a falling  body 
to  be  an  ellipfis,  having  one  focus  in  the  centre  of 
the  earth.  And  finding  by  this  means,  that  the  pri- 
mary planets  really  moved  in  fuch  orbits  as  Kepler  had 
fuppofed,  he  had  the  fatisfadlion  to  fee  that  this  en- 
quiry, which  he  had  undertaken  at  firll  out  of  mere 
curiofity,  could  be  applied  to  the  greatefl  purpofes. 
Hereupon  he  drew  up  about  a dozen  propofitions,  re- 
lating to  the  motion  of  the  primary  planets  round  the 
fun,  which  were  communicated  to  the  Royal  Society 
in  the  latter  end  of  1683.  This  coming  to  be  known  to 
Dr,  Halley,  that  gentleman,  who  had  attempted  the  de- 
monflration  in  vain,  applied,  in  Augnfl  1684,  to  New- 
ton, who  affured  him  that  he  had  abfolutely  completed 
the  proof.  This  was  alfo  regiflered  in  the  books  of 
the  Royal  Society  ; at  whofe  eariieft  felicitation  New- 
ton finiflied  the  work,  which  was  printed  under  the 
care  of  Dr.  Halley,  and  came  out  about  midfummer 
1687,  under  the  title  of,  PhUofcph'ia  nalurnhs  Prindpia 
mathematical  containing  in  the  third  book,  the  Coms- 
tic  Aftronemy^,  which  had  been  lately  difcovcred 
by  him,  and  now  made  its  frfl  appearance  in  the 
world : a work  wiiich  may  be  looked  upon  as  the 
production  of  a celeflial  intelligence  rather  than  of  a 
man. 

This  work  however,  in  which  the  great  author  has 
built  a new  fyffem  of  natural  philofopliy  upon  the  moil 
fubiime  geometry,  did  not  meet  at  frfl  v/ith  all  the 
applaufe  it  deferved,  and  was  one  day  to  receive..  Two 
reafons  concurred  in  producing  this  efFe6t : lAs  Cartes 
had  then  got  full  pofi'effon  of  the  world.  His  philo- 
■£bphy  was  indeed  the  creature  of  a f ne  imagination,  gaily 


dref  ed  out : he  had  given  her  likewife  fomc  of  nature’s 
f ne  features,  and  painted  the  refl  to  a feeming  likenefs 
of  her.  On  the  other  hand,  Newton  had  with  an 
unparalleled  penetration,  and  force  of  genius,  purfued 
nature  up  to  her  moll  fecret  abode,  and  w^as  intent  to 
demonflrats  her  ref  dence  to  others,  rather  than  anxious 
to  deferibe  particularly  the  v/ay  by  which  he  arrived  at  it 
himfelf : he  fnified  his  piece  in  that  elegant  cone ifenefs, 
which  had  juflly  gained  the  Ancients  an  univerfal  ef- 
teem.  In  the  coniequences  flow  with  fuch  ra- 

pidity' from  the  principles,  that  the  reader  is  often  left 
to  fuppiy  a long  chain  of  reafoning  to  conne<ll  them  : 
fo  that  it  required  fome  time  before  the world  could 
underftand  it.  The  bell  mathematicians  were  obliged 
to  iludy  it  with  care,  before  they  c®uld  make  them- 
felves  mailer  of  it  ; and  thofe  of  a lower  .rank  durfl 
not  venture  upon  it,  till  encouraged  by  the  teflimonies 
of  the  more  learned.  But  at.lait,  when  its  value  came 
to  be  iiifuciently  known,  the  approbation  which  had 
been  10  flowly  gained,  became  univerfal,  and  nothing 
was  to  be  heard  from  all  quarters,  but  one  general  burfl 
of  admiration.  Does  Mr.  Newton  eat,  drinx,  or 
fleep  like  other  men  fays  the  marquis  de  ITTofpital, 
one  of  the  gi'eatefl  mathematicians  of  the  age,  to  the 
Englifli  who  vif  ted  him,  I reprefent  him  to  myfelf 

as  a celeflial  genius  intirely  dilengaged  from  matter.” 

In  the  midfl  of  thefe  profound  mathematical  re- 
fearches,  jail  before  his  Principia  went  to  the  prefs  in 
1686,  the  privileges  of  the  unlvcrfity  being  attacked  by'' 
James  the  2d,  Newton  appeared  among  its  moil  ilrenu- 
ous  defenders,  and  was  on  that  occaf  on  appointed  one 
of  their  delegates  to  the  high-commiff  on  court ; and 
they  made  fuch  a defence,  that  James  thought  proper 
to  drop  the  affair.  C)ur  author  was  alfo  choien  one  of 
their  members  for  the  Convention-Parliament  in  1688, 
in  which  lie  fat  till  it  was  difiblved. 

Newton’s  merit  was  well  known  to  Mr.  Montague, 
then  chancellor  oP  the  exchequer,  and  afterwards  earl 
of  Halifax,  who  had  been  bred  at  the  fame  college 
with  him  ; and  when  he  undertook  the  great  work  of 
recoining  the  money,  he  nxed  bis  eye  upon  Newton 
for  an  afliilant  in  it ; and  accordingly,  in  1696,  he  was 
appointed  warden  of  the  mint,  in  which  employment, 
he  rendered  very  fignal  fervice  to  the  nation.  And 
three  years  after  he  was  promoted  to  be  mailer  of  the 
mint,  a place  worth  T2  or  15  hundred  pounds  per 
annum,  which  he  held  till  bis  death.  Upon  this  pro- 
motion, he  appointed  Mr.  Whiilon  his  deputy  in  the 
mathematical  profeiTorfliip  at  Cambridge,  giving  him 
the  full  profits  of  the  place,  which  appointment  itfelf 
he  alfo  procured  for  him  in  1703.  The  fame  year 
our  author  was  choien  preiident  of  the  Royal  Society^, 
in  which  chair  he  fat  for  25  years,  namely  till  the  time 
of  his  death  ; and  lie  had  been  chofen  a member  of 
the  Royal  Academv'  of  Sciences  at  Paris  in  1 609,  as 
foon  as  tlie  new  regulation  was  made  for  admitting  fo- 
reigners into  that  fociety. 

Ever  flnee  the  flrft  difeovery  of  the  heterogeneous 
mixture  of  light,  and  the  prodiiclion  of  colours  thence 
arifing,  he  had  employed  a good  part  of  his  time  in 
bringing  the  experiment,  upon  which  the  theory  is 
founded,*  to  a degree  of  exaclnefs  that  might  fafcisfy 
himlclf.  The  truth  is,  this  feems  to  have  been  his  fa- 
vourite invention  ; 30  years  he  had  fpent  in  this  ardu- 
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o'us  tailvj  before  he  publiHied  it  in  1704,  In  infinite, 
levies  and  fluxions,  and  in  the  power  and  rule  of  gravi- 
ty in  preferviiig  the  folar  fyftem,  there  had  been  ibme, 
though  difiant  hints,  given  by  others  before  him  ; 
whereas  in  dilTedling  a ray  of  light  into  its  primary  con-^ 
ilituent  particles,  which  then  admitted  of  no  further 
feparation  ; in  the  diicovery  of  the  different  refrangi- 
bility  of  thefe  particles  thus  feparated  ; and  that  there 
conilituent  rays  had  each  its  own  peculiar  colour  in- 
herent in  it;  that  rays  falling'  in  the  ia,me  angle  of 
incidence  have  alternate  fits  of  refletilion  and  refraction; 
that  bodies  are  rendered  tranfparent  by  the  ininute- 
nefs  of  their  pores,  and  become  opaque  by  having  them 
large  ; and  that  the  moll  tranfparent  body,  by  having 
a great  thinnefs,  will  become  lei's  pervious  to  the  light : 
Ml  all  thefe,  which  make  up  his  new  theory  of  light 
and  colours,  he  was  abfolutclv  and  entirely  the  iirfl: 
ftarter ; and  as  the  fubject  is  of  the  molf  fubtle  and 
delicate  nature,  he  thought  it  neceifary  to  be  liimieif 
the  lalf  finiiher  of  it. 

In  fadt,  the  affair  that  chiefly  employed  his  refearches 
for  fo  many  years,  was  far  from  being  confined  to  the 
fubjeef  of  light  alone.  On  the  contraiyy  all  that  sve 
know  of  natural  bodies,  feemed  to  be  comprebended  in 
it ; he  had  found  out,  that  there  was  a natural  aflion 
at  a diflance  between  light  and  other  bodies,  by  which 
both  the  reflexions  and  refractions,  as  well  as  inflec- 
tions, of  the  former,  were  cordlantiy  produced.  To 
afcertain  the  force  and  extent  of  this  principle  ofaXion, 
was  what  had  all  along  engaged  his  thoughts,  and 
what  after  all,  by  its  extreme  fubtlety,  efcaped  his 
mofl:  penetrating  fpirit.  However,  though  he  has 
ret  made  fo  full  a diicovery  of  this  principle,  which 
direXs  the  courfe  of  light,  as  he  has  in  regard  to  the 
power  by  which  the  planets  are  kept  in  their  courfes  ; 
yet  he  gave  the  belt  direXions  pofiible  for  fuch  as 
flnould  be  dffpofed  to  carry  on  the  w'ork,  and  furniflied 
matter  abundantly  fuiTicient  to  animate  them  to  the 
purfiiit.  He  has  indeed  hereby  opened  a way  of  pafT- 
ing  from  optics  to  an  entire  fyflem  of  phyfics  ; and, 
if  we  look  upon  his  queries  as  containing  the  hiftory  of 
a great  man’s  firft  thoughts,  even  in  that  view  they 
muft  be  always  at  leafl;  entertaining  and  curious. 

This  fame  year,  and  in  the  fame  book  with  his 
Optics,  he  publiflied,  for  the  firfi  time,  his  Method  of 
Huxions.  It  has  been  already  obferved,  that  thefe  two 
inventions  were  intended  for  the  public  fo  long  before 
as  1672;  but  were  laid  by  then,  in  order  to  prevent 
his  being  engaged  on  that  account  in  a difpute  about 
them.  ' And  it  is  not  a little  remarkable,  that  even 
now  this  laft  piece  proved  the  occalion  of  another  dif- 
piite,  which  continued  for  many  years.  Ever  fince 
1684,  I.,eibnitz  had  been  artfully  working  the  world 
into  an  opini®n,  that  he  firft  invented  this  method. — 
Newton  faw  his  defign  from  the  beginning,  and  had 
fufficiently  obviated  it  in  the  firft  .edition  of  the  Prin- 
cipia,  in  1687  (viz,  in  the  Scholium  to  the  2d  lemma 
of  the  2d  book)  : and  with  the  lame  view,  when  he 
nowpublilTied  that  method,  he  took  occafionto  acquaint 
the  world,  that  he  invented  it  in  the  years  1665  and 
1666.  In  the  AXa  Eruditorum  of  Lcipfic,  where  an 
account  is  given  of  this  book,  the  author  of  that  ac- 
count aferibed  the  invention  to  Leibnitz,  intimating 
that  Newton  borrowed  it  from  liim.  Dr.  Keill,  the 


aftronomical  profeffor  at  Oxford,  .•undertook  Newton’s 
defence  ; and  after  feveral  aniwers  on  both  fidcs,  Leib- 
nitz complaining  to  the  Royal  Society,  this  body  ap- 
pointed a committee  of  their  men'^bers  to  examine  the 
merits  of  the  cafe.  Thefe,  after  confidering  ail  the  papers 
and- letters  relating  to  the  point  in  controverfy,  decided 
in  favour  of  Newton  and  Kcill  ; as  is  related  at  large  in 
tiieiife  of  this  laft  mentioned  gentleman  ; and  thefe  pa- 
pers themfelves  w'erc  pubiilhed  in  1712,  under  the  title 
of  Commercium  Epiftolicum  Johannis  Collins,  8vo. 

In  1705,  the  honour  of  knighthood  was  conferred 
upon  our  author  by  queen  Anne,  in  confideration  of 
his  great  merit.  And  in  1714  he  was  applied  to  by 
the  Houfe  of  Commons,  for  his  opinion  upon  a new 
method  of  diicoveriiig  the  longitude  at  fca  by  fignals, 
which  had  been  laid' before  them  by  Ditton  and  Whif- 
ton,  in  order  to  procure  their  encouragement ; but  the 
petition  was  thrown  afide  upon  reading  Newton’s  pa- 
per delivered  to  the  committee. 

The  following  year,  1715,  Leibnitz,  with  the  view 
of  brifiging  the  world  more  eafily  into  the  belief  that 
Newton  had  taken  the  method  of  fluxions  from  his 
Differential  method,  attempted  to  foil  his  mathematical 
flxcill  by  the  famous  problem  of  the  trajeXories,  which 
he  tlierefore  propofed  to  the  Englilh  by  way  of  chal- 
lenge ; but  the  folution  of  this,  though  the  moft  diffi- 
cult propofition  he  was  able  to  devife,  and  what  might 
pafs  for  an  arduous  afl’air  to  any  other,  yet  was  hardly 
any  more  than  an  amiifement  to  Newton’s  penetrating 
genius  ; he  received  the  problem  at  4 o’clock  in  the  af- 
ternoon, as  he  was  returning  from  the  Mint ; and, 
though  extremely  fatigued  with  bufmefs,  yet  he  finilhed 
the  folution  before  he  rvent  to  bed. 

As  Leibnitz  was  privy-counfellor  of  juftice  to  the 
eleXor  of  Hanover,  io  when  that  prince  was  raifed  to 
the  Britifti  throne,  Newton  came  more  under  the  notice 
of  the  court  ; and  it  was  for  the  immediate  fatisfaXion 
of  George  the  Firft,  that  he  was  prevailed  on  to  put  the 
laft  hand  to  the  difpute  about  the  invention  of  Fluxions. 
In  this  court,  Caroline  princefs  of  Wales,  afterwards 
queen  confort  to  George  the  Second,  happened  to  have 
a curiofity  for  philofophical  enquiries ; no  fooner  there- 
fore was  fhe  informed  of  our  author’s  attachment  to  the 
houie  of  Hanover,  than  Ihe  engaged  his  converfation, 
which  foon  endeared  him  to  her.  Here  fne  found  In 
every  difficulty  that  full  fatisfaXion,  which  fire  h.ad 
in  vain  fought  for  clfewhere;  and  flic  was  often 
heard  to  declare  publicly,  that  ftie  thought  herielf 
happy  in  coming  into  the  world  at  a junXure  of  time, 
which  put  it  in  her  power  to  converfe  with  him.  It 
was  at  this  prlncefs’s  folicitation,  that  he  drew  up  an 
abftraX  of  his  Chronology  ; a copy  of  which  was  at 
her  requeft  communicated,  about  1718,  to  fignior  Conti, 
a Venetian  nobleman,  then  in  England,  upon  a pro- 
mife  to  keep  it  fecret.  But  notwithftanding  this  pro- 
mife,  the  abbe,  who  while  here  had  alfo  affeXed  to  Ihew 
a particular,  friendlhlp  for  Newton,  though  privately 
betraying  him  as  much  as  lay  in  his  power  to  Leibnitz, 
was  no  fooner  got  acrofs  the  water  into  France,  than 
he  difperfed  copies  of  it,  and  procured- an  antiquary  to 
tranflate  it  into  French,  as  well  as  to  write  a confutation 
of  it.  This,  being  printed  at  Paris  in  1725,  was  deli- 
vered as  a prefent  from  the  bookfeller  that  printed  it  to 
our  author,  that  he  might  obtain,  as  was  faid,  his  confent 
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to  publication  ; but  though  lic^  exprefsly  refufed 
fuch  confent,  yet  the  whole  was  publiilied  the  fame 
year.  Hereupon  Newton  found  it  neceffary  to  publilh 
a Defence  of  himfelf,  which  was  inferted  in  the  Philo- 
fophical  Tranfa6lions.  Thus  he,  who  had  fo  much  alb 
his  life  long  been  ftudious  to  avoid  difputes,  was  iin*. 
avoidably  all  his  life  time,  in  a manner,  involved  in 
them  ; nor  did  this  laft  ddpute  even  finifli  at  his  death, 
which  happened  the  year  following.  Newton’s  paper 
w'as  repubiifhed  in  1726  at  Paris,  in  French,  with  a 
letter  of  the  abbe  Conti  in  anfwerto  it ; and  the  fame 
year  forae  dilfertations  were  printed  there  by  father 
Souciet  againft  Newton’s  Chronological  Index,  an  an- 
fwer  to  which  was  inferted  by  Halley  in  the  Phiiofophi- 
eal  Tranfadlions,  numb.  397. 

Some  time  before  thisbufmefs,  in  his  .80th  year,  our 
author  was  feized  with  an  incontinence  of  urine, 
thought  to  proceed  from  the  fione  in  the  bladder,  and 
deemed  to  be  incurable.  However,  by  the  help  of  a 
flridt  regimen  and  other  precautions,  which  till  then  he 
never  had  occafion  for,  he  procured  confiderable  inter- 
vals of  eafe  during  the  five  remaining  years  of  his  life. 
Yet  he  was  not  free  from  fome  fevere  paroxyfms,  which 
even  forced  out  large  drops  of  fweat  that  ran  down  his 
face.  In  thefe  circiimllances  he  was  never  obferved  to 
utter  the  leaft  complaint,  nor  exprefs  the  lead  impa- 
tience ; and  as  foon  as  he  had  a moment’s  eafe,  he  would 
fmile  and  talk  with  his  ufiial  chearfulnefs.  He  was  now 
obliged  to  rely  upon  Mr.  Conduit,  who  had  married 
his  niece,  for  the  difeharge  of  his  office  in  the  Mint. 
Saturday  morning  March  18,  1727,  he  read  the  newf- 
papers,  and  difeouried  a long  time  with  Dr.  Mead  his 
phyfician,  having  then  the  perfe^b  ufe  of  all  his  lenles 
and  his  underftanding  ; but  that  night  he  entirely  loll 
them  all,  and,  not  recovering  them  afterwards,  died 
the  Monday  following,  March  20,  in  the  85th  year  of 
his  age.  His  corpfe  lay  in  Hate  in  the  Jerufakm- 
chamber,  and  on  the  28th  was  conveyed  into  "Weftmin- 
fler-abbey,  the  pall  being  fupported  by  the  lord  chan- 
cellor, the  dukes  of  Montrofe  and  Roxburgh,  and  the 
earls  of  Pembroke,  Suffex,  and  Macclesfield.  He  was 
interred  near  the  entrance  int©  the  choir  on  the  left 
hand,  where  a {lately  monument  is  eredled  to  his 
memory,  with  a moft  elegant  infcriptlon  upon  it. 

Newton’s  charaflcr  has  been  attempted  by  M.  Fon- 
tenelk  and  Dr.  Pemberton,  the  fubflance  of  which  is  as 
folloW'S.  He  was  of  a middle  flature,  and  fomewhat 
inclined  to  be  fat  in  the  latter  part  of  his  life.  His  coun- 
tenance was  pkafing  and  venerable  at  the  fame  lime  ; 
cfpecially  when  he  took  off  his  peruke,  and  ffiewed  his 
white  hair,  which  was  pretty  thick.  He  never  made 
ufe  of  fpedfacles,  and  loft  but  one  tooth  during  his 
whole  life.  Biftop  Atterbury  fays,  that,  in  the  whole 
afr  of  Sir  Ifaac’s  face  and  make,  there  was  nothing  of 
that  penetrating  fagacity  which  appears  in  hiscompofi- 
tions  ; that  he  had  ifomething  rather  languid  in  his  look 
and  manner,  which  did  notraife  any  great  expeblation  in 
thofe  who  did  not  know  him. 

His  temper  it  is  faid  was  fo  equal  and  mild,  that  no 
accident  could  diihirb  it.  A remarkable  in  fiance  of 
which  is  related  as  follows.  Sir  Ifaac  had  a favourite 
little  dog,  which  he  called  Diamond.  Being  one  day 
called  out  of  his  ftudy  into  the  next  room,  Diamond  was 
left  behind.  When  Sir  Ifaac  returned,  having  been  ab- 


fent  but  a few  minutes,  he  had  the  mortification  to  find, 
that  Diamond  having  overfet  a lighted  candle  among 
fome  papers,  the  nearly  finifhed  labour  of  many  years 
w^as  in  flames,  and  almofl  coniumed  to  afhes.  Thislofs, 
as  Sir  Ifaac  was  then  very  far  advanced  in  years,  was  ir- 
retrievable ; yet,  v/ithout  once  ftriking  the  dog,  he 
only  rebuked  him  with  this  exclamation,  “ Oh  Dia- 
mond ! Diamond ! thou  little  know^eff  the  mifehief 
thou  haft  done  !” 

He  was  indeed  of  fo  meek  and  gentle  a difpofition,  and 
fo  great  a lover  of  peace,  that  he  w^ould  rather  have  cho- 
fen  to  remain  in  obfcurlty,  than  to  have  the  calm  of 
life  ruftled  by  thofe  ftorms  and  difputes,  wdiich  genius 
and  learning  ahvays  draw  upon  thofe  that  are  the  moft 
eminent  for  them. 

From  his  love  of  peace,  no  doubt,  arofe  that  un- 
ufual  kind  of  horror  wliich  he  felt  for  all  difputes  : a 
Heady  unbroken  attention,  free  from  thofe  Frequent  re- 
coliings  infeparably  incident  to  others,  was  his  peculiar 
felicity  ; he  knew  it,  and  he  knew  the  value  of  it.  No 
wonder  then  that  controverfy  was  looked  on  as  his 
bane.  When  forae  objeblions,  haftily  made  to  his  dif- 
coveries  concerning  light  and  colours,  induced  him  to 
lay  afide  the  defign  he  had  taken  of  publifhing  bis  Opti- 
cal Dedlures,  we  find  him  refledling  on  that  ffifpute,  in- 
to Avhich  he  had  beeil  unavoidably  drawn,  in  thefe 
.terms  ; “ I blamed  my  own  imprudence  for  parting 
with  fo  real  a bleffing  as  my  quiet,  to  run  after  a ffia- 
dow.”  It  is  true  this  fhadow,  as  Fontenelle  ohferves, 
did  not  efcape  him  afterwards,  nor  did  it  coft  him  that 
quiet  which  he  fo  much  valued,  but  proved  as  much  a 
real  happinefs  to  him  as  his  quiet  itfelf ; yet  this  was 
a happinefs  of  his  own  making  : he  took  a refolution 
from  thefe  difputes,  not  to  publifti  any  more  concerning 
that  theory,  till  he  had  put  it  above  the  reach  |of  con- 
troverfy, by  the  exadleft  experiments,  and  the  ftridlefl 
demonftrations ; and  accordingly  it  has  never  been 
called  in  quellion  fince.  In  the  fame  temper,  after  he 
had  fen t the  manufeript  to  the  Royal  Society,  with  hi« 
confent  to  the  printing  of  it  by  them  ; yet  upon 
Hook’s  injurioufly  infifting  that  he  himfelf  had  demon- 
ftrated  Kepler’s  problem  before  our  author,  he  determin- 
ed, rather  than  be  involved  again  in  a controverfy,  to  fup- 
prefs  the  third  book  ; and  he  was  very  hardly  prevailed 
upon  to  alter  that  refolution.  It  is  true,  the  public  was 
thereby  a gainer  ; that  book,  which  is  indeed  no  more 
than  a corollary  of  fome  propofitions  in  the  firft,  being 
originally  drawn  up  in  the  popular  way,  with  a defign 
to  publifh  it  in  that  form  ; whereas  he  was  now  con- 
vinced that  it  would  be  heft  not  to  let  it  go  abroad 
without  a ftridb  demonftration. 

In  contemplating  his  genius,  it  prefently  becomes 
a doubt,  wffiich  of  thefe  endowments  had  the  great- 
eft  fhare,  fagacity,  penetration,  ftrength,  or  dili- 
gence ; and,  after  all,  the  mark  that  feems  moft  to 
diftinguiffi  it  is,  that  he  himfelf  made  the  jufteft  efti- 
mation  of  it,  declaringf,  that  if  he  had  done  the  world 
any  fervice,  it  was  due  to  nothing  but  induftry  and  pa- 
tient thought ; that  lie  kept  the  fubjedl  of  confideration 
co-nftantly  before  him,  and  waited  till  the  firft  dawning 
opened  gradually,  by  little  and  little,  into  a full  and 
clear  light.  It  is  faid,  that  when  he  had  any  mathe- 
matical problems  or  folutions  in  his  mind,  he  would  ne- 
ver quit  thefubje6l  on  any  account.  And  his  fervant  has 
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Ikid,  wlien  lie  lias  beeis  getting*  up  in  a morning, 
lie  has  fometiines  begun  to  drefs,  and  with  one  leg  in 
his  breeches,  fat  down  again  on  the  bed,  where  he  has 
remained  for  hours  before  he  has  got  his  clothes  on  ; 
and  that  dinner  has  been  often  three  hours  ready  for 
him  before  he  could  be  brought  to  table.  Upon  this 
head  feveral  little  anecdotes  are  related  ; among  which 
is  the  following  : Dodor  Stukely  coming  in  accidentally 
one  day,  when  Newton’s  dinner  was  left  for  him  upon 
the  table,  covered  up,  as  ufual,  to  keep  it  warm  till  he 
cculd  hnd  it  convenient  to  come  to  table;  the  dodtor 
lifting  the  cover,  found  under  it  a chicken,  which  he 
prefently  ate,  putting  the  bones  in  the  difh,  and  re- 
placing  the  cover.  Some  time  after  Newton  came  into 
the  room,  and  after  the  ufual  compliments  fat  down  to 
his  dinner  ; but  on  taking  up  the  cover,  and  feeing  only 
the  bones  of  the  fowl  left,  he  obfe^ved  with  feme  little 
furprife,  “I  thought  I had  not  dined,  but  I now  find  that 
I have.” 

After  all,  notwithftanding  his  anxious  care  to  avoid 
every  occafion  of  breaking  his  intenfc  application  to 
. fludy,  he  was  at  a great  diliance  from  being  beeped  in 
philofophy.  On  the  contrary,  he  could  ‘lay  afide  his 
thoughts,  though  engaged  in  the  moil  intricate  re- 
fearches,  when  his  other  affairs  required  his  attention  ; 
Rnd,  as  foon  as  he  had  leifurc,  refiime  the  fubjecl  at  the 
point  where  he  had  left  off.  This  he  feems  to  have 
done  not  fo  much  by  any  extraordinary  flrength  of  me- 
mory, as  by  the  force  of  his  inventive  faculty,  to  which 
every  thing  opened  itfelf  again  with  cafe,  if  nothing  in- 
tervened to  ruffle  him.  The  readinefs  of  his  invention 
made  him  not  think  of  putting  liis  memory  much  to 
the  trial  ; but  this  was  the  offspring  of  a vigorous  in- 
tenfenefs  of  thought,  out  of  which  he  was  but  a com- 
mon man.  He  fpent  therefore  the  prime  of  his  age  in 
thofc  abflrufe  refcarches,  when  his  fitiiation  in  a college 
gave  him  leifure,  and  while  fludy  was  his  proper  bu- 
finefs.  But  as  foon  as  he  w^as  removed  to  the  mint, 
be  applied  himfelf  chiefly  to  the  duties  of  that  office  ; 
and  lo  far  quitted  mathematics  and  philofophy,  as 
not  to  engage  in  any  purfuits  of  cither  kind  afterwards. 

Dr.  Pemberton  obferves,  that  though  his  memory 
was  much  decayed  in  the  lafl  years  of  his  life,  yet  he 
perfe£lly  underflood  his  own  writings,  contrary  to  what 
I had  formerly  heard,  fap  the  dodor,  in  difeourfe  from 
many  perfons.  This  opinion  of  theirs  might  arife  per- 
haps from  his  not  being  always  ready  at  fpeakino-  on 
thefe  fubjefts,  when  it  might  be  expeded  he  fluTuld. 
Eut  on  this  head  it  may  be  obferved,  that  great  ge- 
niufes  are  often  liable  to  be  abfent,  not  only  in  relation 
to^  common  life,  but  with  regard  to  fome  of  the  pai  ts  of 
fcience  chat  they  arc  bell  informed  of  i inv'cntors  feem 
to  treafure  up  in  their  minds  what  they  have  found  out, 
after  another  mariner,  than  thofe  do  the  fame  things", 
who  have  not  this  inventive  faculty.  Theformer,  when 
they  have  occafion  to  produce  their  knowledge,  are  in 
fome  meafure  obliged  immediately  to  iiiveillgate  part  of 
what  they  want;  and  for  this  they  are  not^equally  fit 
at  all  times  : from  whence  it  has  often  happened,  that 
fuch  as  retain  things  chiefly  hy  means  of  a^  very  ilroiig 
memory,  have  appeared  off-hand  more  expert  tiian  the 
difeoverers  themfelves. 

It  was  evidently  owing  to  the  fame  inventive  faculty 
that  Newton,  as  this  writer  found,  had  read  fewer  of 
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the  modern  mathematicians  than  one  could  have  expef^* 
ed  ; his  own  prodigious  invention  readily  fupplying  him 
with  what  he  might  have  occafion  for  in  the  purfuit 
of  any  fubjedl  he  undertook.  However,  he  often  cen* 
fared  the  handling  of  geometrical  fubjefts  by  algebraic 
calculations  ; and  his  book  of  algebra  he  called  by  the 
name  of  Utitverfal  Arithmetic m oppofition  to  the"  inju- 
dicious title  of  Geometry  which  Des  Cartes  had  given 
to  the  treatife  in  which  he  fflews  how  tlie  geometrician 
may  aflhl  his  invention  by  fuch  kind  of  computations. 
He  fieqiiently  praifed  SIulius,  Barrow,  and  Huy- 
gens, for  not  being  influenced  by  the  falfe  talle  which 
then  began  to  prevail.  Pie  ufed  to  commend  the  lau- 
dable attempt  of  Hugo  d’Omerique  to  rellore  the  an- 
^ ^ • , a n d very  much  efteemed  Apollonius’* 

booK  De  8c6IioTie  Railonis,  for  giving  us  a clearer  no- 
tion of  that  analyfis  than  we  had  before.  Dr,  Barrow 
may  be  efleemed  as  havingfliewn  a compafs  of  invention 
equal,  if  not  fuperior,  to  any  of  the  Moderns,  our  au- 
thor only  excepted  ; hut  Newton  particularly  recom- 
mended Huvgens  s ftyle  and  manner:  he  thouglit  him 
the  moft  elegant  of  any  mathematical  writer  of  modern 
times,  and  tlie  trued  imitator  of  the  Ancients.  Of  their 
tailc  and  mode  of  demonflration  our  author  always  pio- 
fefled  himfelf  a great  admirer;  and  even  cenfured  him- 
fclf  for  not  following  them  yet  more  clofely  than  he 
did  ; and  fpoke  with  regret  of  his  millakc  at  the  begin- 
ning of  his  mathematical  fludies,  in  applying  himfelf 
to  the  works  of  Des  Cartes,  and  other  algebraic  wri- 
ters, before  he  had  corifidered  the  Elements  of  Euclid 
witli  that  attention  which  fo  excellent  a writer  deferves. 

But  If  this  was  a fault,  it  is  certain  it  was  a fault  to 
which  we  owe  both  his  great  Inventions  in  fpeculativc 
mathematics,  and  the  dodrine  of  Fluxions  and  Infinite 
Series.  ^ And  perhaps  this  might  be  one  reafon  why 
his  particular  reverence  for  the  Ancients  is  omitted  by 
bontenelle,  who  however  certainly  makes  fome  amend* 
by  thatjud  dogiutu  which  he  makes  of  our  author’* 
modefly,  which  amiable  quality  he  reprefents' as  Hand- 
ing foremofl  in  the  charader  of  this  great  man’s  mind 
and  manners.  It  was  in  reality  greater  than  can  be 
eafily  imagined,  or  will  be  readily  believed  : yet  it  al- 
ways continued  fo  without  any  alteration  ; though  the 
wliole  world,  fays  k ontendle,  confpired  againd  it;  let 
us  add,  though  he  wa»  thereby  robbed  of  his  invention 
of  Fluxions.^  Nicholas  Mercator  publifhing  his  J^oga~ 
rithmotechmam  t668,  where  he  gave  the  quadrature  of 
the  hyperbola  by  an  infinite  feries,  which  was  the  firft 
appearance  in  the  learned  world  of  a feries  of  this  fort 
drawn  from  the  particular  nature  of  the  curve,  and  that  in 
a manner  very  new  and  ahdraded  ; Dr.  Barrow,  then  at 
Cambridge,  wher-e  Mr.  Newton,  then  about  26yearsof 
age,  refided,  recolledecl,  that  he  had  met  with  the 
fame  thing  in  the  writings  of  that  young  gentleman  ; 
and  there  not  confined  to  the  hyperbola  only,  but  extend-* 
ed,  by  genera]  forms,  to  all  forts  of  curves,  even  fuch  as 
aie  mechanical ; to  their  quadratures,  their  rcfitifica- 
tioris,  and  their  centres  of  gravity  ; to  the  folids  formed 
by  their  rotations,  and  to  the  fuperficies  of  thofe  fo- 
lids  ; fo  that,  when  their  determinations  v^ere  poffiblc, 
the  ienes  flopped  at  a certain  point,  or  at  leslt  their 
fuHls_  were  given  by  dated  rules  : and  if  the  abfolute  de- 
terminations were  impoffihle,  they  could  yet  be  infi- 
nitely approximated  ; which  h the  happieff  and  mod 
^ refined 
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refined  method,  fays  FonteiieUe,  of  fupplying  the  de- 
fefts  of  human  knowledge  that  man’s  imagination 
could  poffibly  invent.  To  be  mailer  of  fo  fruitful  and 
general  a theory  was  a mine  of  gold  to  a geometri- 
cian ; but  it  WES  a greater  glory  to  have  been  the  dii^ 
coverer  of  fo  furprifing  and  ingenious  a fyitern.  bo 
that  Newton,  finding  by  Mercator’s  book,  ^ that  he 
was  in  the  way  to  it,  and  that  others  might  follow  in 
his  track,  fhould  naturally  have  been  foiward  to 
his  treafures,  and  fecure  the  property,  which  coihi  ee 
in  making  the  difcovery  ; but^  he  contented  himieli 
with  his  treafure  which  he  had  found,  without  regard- 
ing the  glorv.  What  an  idea  does  it  give  us  of  his  un  • 

pm-alleled  midefty,  when  we  find  him  declaring-,  that 

he  tliought  Mercator  had  entirely  difcovered  his  fe- 
cret,  or  that'others  would,  before  he  fliould  become  of 
a proper  age  for  ^^Titing  ! His  manufcript  upon  Infmite 
Series  was'  communicated  to  none  but  Mr.  John  Col- 
lins and  the  lord  Broimker,  then  Prefident  of  the 
Royal  Societv,  who  had  alfo  done  fomethmg  in  this 
way  himfelf;'and  even  that  had  not  been  comphed 
with,  but  for  Dr.  Barrow,  who  would  not  fuller  him 
to  indulge  his  modelfy  fo  much  as  he  defired. 

It  is  further  obferved,  concerning  this  part  of  his 
charaaer,  that  he  never  talked  either  of  himfelf  or 
others,  nor  ever  behaved  in  fuch  a manner,  as  to  give 
the  moft  malicious  cenfurers  the  leak  occafion  even  to 
fufpedl:  him  of  vanity.  He  was  candid  and  affable,  ^d 
always  put  himfelf  upon  a level  with  his  company.  He 
never  thought  either  his  merit  or  his  reputaticm  lum- 
cient  to  excufe  him  from  any  of  the  common  o&ces  of 
iociallife.  No  fingularities,  either  natural  or  ahcfited, 
diflino-uiihed  him  from  other  men.  Though  he  was 
firmly  attached  to  the  church  of  England,  he  \^s 
averfe  to  the  perfecution  of  the  non-conformifts.  He 
iudo-ed  of  men  by  their  manners  ; and  the  true  fchil- 
inaScs,  in  his  opinion,  were  the  vicious  and  the  wick- 
ed Not  that  he  confined  his  principles  to  natural  re- 
ligion, for  it  is  faidhe  was  thoroughly  perfuaded  of  the 
truth  of  Revelation;  and  amidll  the  great  variety  of 
books  which  he  had  conftantly  before  him,  that  which 
he  iludied  with  the  greateft  application  was  the  Bible^ 
at  leaft  in  the  latter  years  of  his  life  : and  he  unaerftood 
the  nature  and  force  of  moral  certainty  as  well  as  he  did 

that  of  a flricf  demonftration.  ^ _ r j • 

Sir  liaac  did  not  neglefit  the  opportunities  of  doing 
crood,  \vihen  the  revenues  of  his  patrimony  and  a pro- 
fitable employment,  improved  by  a prudent  ceconomy, 
put  it  in  his  power.  We  have  two  remarkable  m lances 
of  his  bounty  and  generolity  ; one  to  Mr.  Maclaurm, 
extra  profeffor  of  mathematics  at  Edinburgh,  to  encou- 
rage whofe  appointment  he  offered  20  poimds  a year  to 
that  office  ; and  the  other  to  his  niece  Barton,  upon 
whom  he  had  fettled  an  annuity  of  100  pounds  per  an- 
num.  When  decency  upon  any  occafion  requned  ex- 
pence and  (hew,  he  was  magnificent  without  grudg- 
ing it,  and  with  a very  good  grace  : at  all  other  times, 
that  pomp  which  feems  great  to  low  minds  o«ly,  was 
utterly  retrenched,  and  the  expence  referved  for  better 

Newton  never  married;  and  it  has  been  faid,  that 

perhaps  he  never  had  leifure  to  think  of  it ; that,  being 
immerfed  in  profound  ftudies  during  the  prime  of  his 
age,  and  afterwards  engaged  in  an  employment  of  gicat 


importance,  and  even  quite  taken  up  with  the  compa. 
ny  which  his  merit  drew  to  him,  he  was  not  fenfible  of 
any  vacancy  in  life,  nor  of  the  want  of  a companion 
at  home.”  Thefe  however  do  not  appear  to  be  any  fuffi- 
cient  reafons  for  his  never  marrying,  if  he  had  had  an  in- 
clination fo  to  do.  It  IS  much  more  likely  that  he  had  a 
conftitutional  indifference  to  the  flate,  and  even  to  the 
fex  in  general;  and  it  has  even  been  faid  of  him,  that  he 
never  once  knew  woman.— Ide  left  at  his  death,  it 
feems,  32  thoufand  pounds  ; but  he  made  no  will, 
which,  Fontenelle  tells  us,  was  becaufe  he  thought  a 
legacy  was  no  gift*' — worxs,  befides  what 
were  publifhed  in  his  life-time,  there  were  found  after 
his  death,  among  his  papers,  feveral  difeourfes  upon 
the  fubjeHs  of  Antiquity,  Hiffory,  Divinity,  Chemif- 
try,  and  Mathematics;  feveral  of  which  were  publilhed^ 
at  different  times,  as  appears  from  the  following^  cata- 
logue of  all  his  works  ; where  they  are  ranked  in  the 
order  of  time  in  which  thofe  upon  the  fame  fubjefit 

were  publifhed.  ^ _ j 1 • 

1.  Several  Papers  relating  to  liis  T'clcjcopc^  and  his 
Theory  of  Light  and  Colours,  printed  in  the  Philofo- 
phical  Tranfadions,  numbs.  80,  81,  82,  83,  84,  85, 
88,  96,  97,  no,  121,  i2r3,  128  ; or  vols  6,  7,  8,. 

2.  Optics,  or  a Treatife  of  the  Ref  eTtons,  RefraUions, 
and  Inflections,  and  the  Colours  of  Light ; 1704,  4to.--j 
A Latin  tranflation  by  Dr.  Clarke  ; 1706,  4to.' 

a French  tranflation  by  Pet.  Cofte,  Anift.  1729?  ^ vols 
i2mo.— Befide  feveral  Englifh  editions  in  8vo.  ^ 

3.  Optical  Lectures;  172^5  in  feveral 

Letters  to  Mr.  Oldenburg,  fecretary  of  the  Royal 
Society,  inferted  in  the  General  Dififionary,  under  oui 
author’s  article. 

4.  LeCtiones  Optica  ; I7^9>  4^.^* 

c.  Haturalis  Rtjdofophia  Principia  Mathematica  , l687> 

Ato. — A fecond  edition  in  17^3?  with  a Preface,  by 

Roo-er  Cotes.— The  3d  edition  in  1726,  under  the  di- 
redion  of  Dr.  Pemberton.— An  Engllfli  tranflation, _ by 
Motte,  1729,  2 volumes  8vo,  printed  in  feveral  editions 
of  his  works,  in  different  nations,  particularly  an  edi- 
tion, with  a large  Commentary,  by  tke  two  learned 
Jefuits,  Le  Scur  and  Jacquier,  in  4 volumes  4to,  m 

1739,  1740,  and  1742.  t T *-• 

6.  ASyftemof  the  World,  tranflated  from  the  Latin 

original;  1727,  8vo. — This,  as  has  been  already  ob- 
ferved, was  at  firft  intended  to  make  the  third  book  of 
his  Principia. — -An  Englifh  tranflation  by  Motte,  1729?. 

8 VO. 

7.  Several  Letters  to  Mr.  Fiamffeed,  Dr.  Halley, 
and  Mr.  Oldenburg.— See  our  author’s  article  in  the 

General  Dififionary.  . , j x 

8.  A Paper  concerning  the  Longitude ; drawn  up  by 

order  of  the  Ploufe  of  Commons  ; ibid. 

9.  Abrege  de  Chronologic,  &c  ; 1726,  under  the  di- 
refifion  of  the  abbe  Conti,  together  with  fome  Ob- 

fervations  upon  it.  ^ 

10.  Remarks  upon  the  Ohfervations  made  upon  aLhiOr 

nological  Index  of  Sir  L Nenvton,  (Ac.  Phiiof.  Trmii.. 
vol.  33.  See  alfo  the  f^me,  vol.  34  and  35,  by  Dr. 

Halley  .The  Ancient  Kingdoms  amend- 

iz. Ariihmetica  Univerfalis,  Ac;  unaer  the  infpec- 
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tioa  of  Mr.  Whiilon,  Cantab.  1707,  8vo.  Printed  I 
-think  without  the  author’s  confent,  and  even  againfl  his 
will ; an  offence  which  it  feems  was  never  forgiven. 
There  are  alfo  Englifh  editions  of  the  fame,  particu- 
larly one  by  Wilder,  with  a Commentary,  in  1769, 
2 vols  8vo.  And  a I^atin  edition,  with  a Commentary, 
by  Caililion,  2 vols  4to,  Amfl.  Sec. 

13.  Analyfis  per  ^uantiiatum  Series ^ Fluxiones^  et 
Differ entuu ^ cum  Emimeratione  Linear um  Lertii  Orclinis  ; 
17 1 1,  4to  ; under  the  infpedfion  of  W.  Jones,  Efq! 
F.  R.  S. — The  laid  tradt  had  been  publifhed  before,  to- 
gether with  another  on  the  ^ladrature  of  Cuj'ves,  by 
the  Method  of  Fluxions,  under  the  title  of  Lra^ahis 
■duo  de  Speciefjus  eff  Magnitudine  Figurarum  CiirFdi- 
nearum  ; fubjoined  to  the  firil  edition  of  his  Optics  in 
1704  ; and  other  letters  in  the  Appendix  to  Dr. 
Gregory’s  Catoptrics,  &c,  1735,  8vo. — Under  this 
head  may  bt^  ranked  Ne'zvtoni  Gen  efts  Curvarum  per 
Umbras-;  Leyden,  1740. 

14.  -Several  Letters  relating  to  his  Difpute'^'nvith  Leih- 
'nltx.y  upon  liis  Right  to  the  Invention  of  Fluxions  ; 
printed  in  the  Comrnercium  Epifioliciim  D.  ffobannis 
Collins  id  aliorum  de  Analyfi  Promota^  fffa  Socictatls 
•Regite  editum  ; 1712,  8 vo. 

1.5.  Poftfeript  and  Letter  of  M.  Leibnitz  to  the 
Abbe  Conti,  with  Remarks,  and  a Letter  of  his  own  to 
that  Abbe  ; 1717,  8vo.  To  which  was  added,  Raph- 
-fon’s  Fliilory  of  Fluxions,  as  a Supplement. 

16.  Fhe  Method  of  Fluxions,  and  Analyfis  by  Inf- 
filte  Series,  tranflated  into  Englifh  from  the  original 
Latin  ; to  which  is  added,  a Perpetual  Commentary, 
by  the  tranflator  Mr.  John  Colfon  ; 1736,  4to. 

17.  Several  Mifcellaneous  Pieces,  and  Letters,  as  fol- 
low ; — (i).  A Letter  to  Mr.  Boyle  upon  the  fubjeef 
of  the  Philofopher’s  Stone.  Inferted  in  the  General 
Diclionary,  under  the  article  Boyle.' — (2).  A I^etter 
to  Mr.  Alton,  containing  diredtions  for  his  travels ; ibid, 
under  our  author’s  article. — (3).  An  Englifh  Tranfla- 
tion  of  a Latin  Differtation  upon  the  Sacred  Cubit  of 
the  Jews.  Inferted  among  the  mifcellaneous  works  of 
Mr.  John  Greaves,  vol.  2,  publifhed  by  Dr.  Thomas 
Birch,  in  1737,  2 vols  8vo.  This  Differtation  was  found 
fubjoined  to  a work  of  Sir  Ifaac’s,  not  hnifhed,  inti- 
tled  Lexicon  Propheticunu — (4).  Four  Letters  from 
Sir  Ifaac  Newton  to  Dr.  Bentley,  containing  fome  ar- 
guments in  proof  of  a Deity  ; 1756,  8vo. — (5).  Two 
LjCtters  to  Mr.  Clarke,  &:c. 

18.  Obfervatwns  on  the  Prophecies  of  Daniel  and  the 
Apoccdypfe  of  St.  John  ; 1733’ 

19.  If.  Newtoni  Element  CL  PerfpeSlivee  Univerfalis  ; 
1746,  8vo. 

20.  Fables  for  pur  chef ng  College  Leafes  ; 1742?  l2mo. 

2 1.  Corollaries,  by  Whiilon. 

22.  A Colledtion  of  feveral  pieces  of  our  author’s, 
under  the  following  title,  Nen.vtoni  If.  Opufcula  Mathe- 
'niatica  Philof.  Id  Philol.  collegit  J.  Callilloneus  ; I^auf. 

1 744,  4to,  8 tomes. 

23.  Favo  Freatifes  of  the  Qriadrature  of  Curves,  and 
Analyfis  by  Equations  of  an  Infinite  Number  of  Terms, 
explained:  tranflated  by  John  Stewart,  with  a large 
Commentary;  1745,  410. 

24.  Defeription  of  an  Inflrument  for  obferving  the 
Moon’s  Diftance  from  the  Fixed  Stars  at  Sea.  Philof. 
Tranf.  vol.  42. 


25.  Newton  alfo  publiflied  BarroMs  Optical  Leg- 

tures,  in  1699,  4^^  • Farenii  Geographia,ldc ; 

1681,  8 VO. 

26.  The  whole  works  of  Newton,  publifhed  by  Dr. 
Horfley;  1779,  4to,  in  5 volumes. 

The  foIIo\ving  is  a lift  of  the  papers  left  by  Newto^' 
at  his  death,  as  mentioned  above. 

A Catalogue  oj  Sir  Ifaac  Nc<iu toils  Manufcripts  and 
Papers,  as  annexed  to  a Bond,  given  by  Mr.  Conduit,  to 
the  Adminifrators  of  Sir  Ifaac  ; by  auhich  be  obliges  him- 
felf  to  account  for  any  proft  'he  fsall  make  by  publijhing  any 
of  the  papers. 

Dr.  Pellet,  by  agreement  of  tlie  executors,  entered 
into  Adis  of  the  Prerogative  Court,  being  appointed  to 
perufe  all  the  papers,  and  judge  which  were  proper  for 
the  prefs. 

No. 

1.  Viaticum  Nautarum  ; by  Robert  Wright. 

2.  Mlfcellanea  ; not  in  Sir  Ifaac’s  hand  writing. 

3.  Mlfcellanea  ; part  in  Sir  Ifaac’s  hand. 

. 4.  Trigonometria ; about  5 flieets. 

5.  Dehnitions. 

6.  Mlfcellanea ; part  in  Sir  Ifaac’s  hand. 

7.  40  fheets  in  4tQ,  relating  to  Church  Hiftory. 

8.  1 26  fheets  written  on  one  fide,  being  foul  draughts 

of  the  Prophetic  Stile. 

9.  88  fheets  relating  to  Church  Hiftory. 

10.  About  70  loofe  flieets  in  fmall  4to,  of  Chemical 

papers  ; fome  of  which  are  not  in  Sir  Ifaac’* 
hand. 

1 1.  About  62  ditto,  in  folio. 

12.  About  15  large  fheets,  doubled  into  4to  ; Che- 

■ mical. 

13.  About  8 fheets  ditto,  wmitten  on  one  fide. 

14.  About  5 flieets  of  foul  papers,  relating  to  Chc- 

miilry. 

• 15.  12  half-fheets  of  ditto. 

16.  104  half-fheets,  in  410,  ditto. 

17%  About  22  fheets  in  4to,  ditto. 

18.  24  fheets,  in  4to,  upon  the  Prophecies. 

19.  29  halFfheets  ; being  an  anfvver  to  Mr.  Hook, 

on  Sir  liaac’s  Theory  of  Colours. 

20.  87  half-fheets  relating  to  the  Optics,  fome  of 

which  are  not  in  Sir  Ifaac’s  liand. 

From  No.  I to  No.  20  examined  on  the  20th  of 
May  1727,  and  judged  not  fit  to  be  printed. 

F.  Pellet. 

Witnefs,  Fho.  P ilhingfon. 

21.  32 8 half-flieets  in  folio,  and  63  in  fmall  qto  ; 

being  loole  and  foul  papers  relating  to  the 
Revelations  and  Prophecies. 

22.  8 half-ftiects  in  fmall  4to,  relating  to  Church 

Matters, 

23.  24  half-flieets  in  fmall  4to  ; being  a difeourfe  re- 

lating to  the  2d  ot  Kings. 

24.  353  half-fheets  in  folio,  and  57  in  fmall  4to  ; 

being  foul  and  loofe  papers  relating  to  Fi- 
pures  and  Mathematics. 

C) 

25.  201  half-fheets  in  folio,  and  21  in  fmall  410; 

loofe  and  foul  papers  relating  to  the  Com- 
mercium  Epiflolicura, 

X -2  . 26. 
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26-  91  lialf-fheets  in  fmall  410^  in  Latin,  upon  the 
Temple  of  Solomon. 

27.  37  half-fheets  in  folio,  upon  the  Holt  of  Heaven, 

the  Sanctuary,  and  other  Church  Matters. 

28.  44  half-flieets  in  folio,  upon  Ditto. 

29.  25  half-lheets  in  folio  ; being  a farther  account 

of  the  Holt  of  Heaven. 

30.  51  half-lheets  in  folio  ; being  an  Plillorical  Ac- 

count of  two  notable  Corruptions  of  Scrip- 
ture. 

31.  88  haif-flieets  in  fmall  4to ; being  Extracts  of 

Church  Hiftory. 

32.  1 16  half-lheets  in  folio  ; being  Paradoxical  Quef- 

tions  concerning  Athanaiius,  of  which  feve- 
ral  leaves  in  the  beginning  are  very  much  da- 
maged. 

33*  5^  half-lheets  in  folio,  De  Motu  Corporum  ; 

the  greatellpart  not  in  Sir  Ifaac’s  hand. 

34.  61  half-lheets  in  fmall  4to  ; being  various  fec- 
tions  on  the  Apocalypfe, 

3y,  25  half-lheets  in  folio,  of  the  Working  of  the 
Myltery  of  Iniquity. 

36.  20  half-lheets  in  folio,  of  the  Theology  of  the 

Heathens. 

37.  24  half-lheets  in  folio  ; being  an  Account  of  the 

Contell  between  the  Holl  of  Eleaven,  and  the 
Tranfgrelfors  of  the  Covenant. 

38-  31  half-lheets  in  folio  ; being  Paradoxical  QueL 
tions  concerning  Athanaiius. 

39.  107  quarter-lheets  in  fmall  4to,  upon  the  Reve- 

lations. 

40.  1 74  half-lheets  in  folio;  being  loofe  papers  re- 

lating to  Church  Hillory. 

May  22,  1727,  examined  from  No.  21  to  No.  40 
jnclufive,  and  judged  them  not  lit  to  be  printed  ; only 
No.  33  and  No.  38  Ihouidbe  reconfidereL 

r.  Pellet. 

Witnefs,  Phoi/Pilklngton. 

41.  167  half-lheets  in  folio;  being  loofe  and  foul 

papers  relating  to  the  Commercium  Epidoli- 
ciim. 

42.  21  half-lheets  in  folio  ; being  the  3d  letter  upon 

Texts  of  Scripture,  very  much  damaged. 

42,  31  half-lheets  in  folio  ; being  foul  papers  relating 
to  Church  Matters. 

44.  495  half-lheets  in  folio  ; being  loofe  and  foul 
papers  relating  to  Calculations  and  Mathe- 
matics. 

45*  335  hali-fneets  In  folio  ; being  loofe  and  foul  pa- 
pers relating  to  the  Chronology. 

46.  1.2^  fleets  in  fmall  4to,  relating  to  the  Revela- 

tiotis  and  other  Church  Matters. 

47.  126  half-lheets  in  folio  ; being  loofe  papers  re- 

lating to  the  Chronology,  part  in  Englifn  and 
part  in  Latin, 

48.  400  half-lheets  in  folio  ; being  loofe  Mathema- 

tical papers. 

49.  109  fleets  in  410,  relating  to  the  Prophecies,  and 

Church  Matters.  . 

• 50.  127  half-fieets  in  folio,  relating  to  the  Unlvcrf- 
ty  ; great  part  not  in  Sir  Ifaac’s  hand. 

18  fleets  in  4to  ; being  Chemical  papers. 

52.  255  quarter- fleets  j being  Chemical  papers. 


53.  An  Account  of  Corruptions  of  Scripture  ; not 

in  Sir  Ifaac’s  hand. 

54.  31  quarter-lheets  ; being  Flammell’s  Explication 

of  Hieroglyphical  Figures. 

55.  About  350  half-lheets  ; being  Mifcellaneous  pa- 

pers. 

56.  6 half-fleets  ; being  An  Account  of  the  Em- 

pires &c  reprefented  by  St.  John. 

57.  9 half-lheets  folio,  and  71  quartcr-ficets  4to  ; 

being  iVIathematical  papers. 

58.  140  half-lheets,  in  9 chapters,  .and  2 pieces  in 

folio,  titled,  Concerning  the  Language  of  the 
Prophets. 

59.  606  half-lheets  folio,  relating  to  the  Chronology ; 

9 more  in  Latin. 

60.  182  half-lheets  folio  ; being  loofe  papers  relating 

to  the  Chronology  and  Prophecies. 

61.  144  quarter-fleets,  and  95  half-lheets  folio; 

being  loofe  Mathematical  papers. 

62.  -137  half-lheets  folio  ; being  loofe  papers  relating 

to  the  Difpute  with  Leibnitz. 

63.  A folio  Common-place  book ; part  in  Sir 

Ifaac’s  hand. 

64.  A bundle  of  Englilh  Letters  to  Sir  Ifaac,  re- 

lating to  Mathematics. 

65.  54  half-lheets  ; being  loofe  papers  found  in  the 

Principia. 

66.  A bundle  of  loofe  Mathematical  Papers  ; not 

Sir  Ifaac’s. 

67.  A bundle  of  French  and  Latin  Letters  to  Sir 

Ifaac. 

68.  136  fleets  folio,  relating  to  Optics. 

69.  22  half-lheets  folio,  De  Rationibus  Motuuna* 

&c  ; not  in  Sir  Ifaac’s  hand. 

70.  70  half-lheets  folio  ; being  loofe  Mathematical 

Papers. 

71.  38  half-lheets  folio  ; being  loofe  papers  relating 

to  Optics. 

72.  47  half-fleets  folio  ; being  loofe  papers  relating 

to  Chronology  and  Prophecies. 

73.  40  half-lheets  folio  ; Proceftus  Mylleni  Magiii 

Philofophicus,  by  Wm,  Yworth  not  In  Sir 
Ifaac’s  hand. 

74.  5 half-lheets  ; being  a letter  from  Rizzetto  to 

Martine,  in  Sir  Ifaae’s  hand. 

75.  41  half-flieets  ; being  loofe  papers  of  feveral 

kinds,  part  In  Sir  Ifaac’s  hand. 

76.  40  half-fieets  ; being  loofe  papers,  foul  and  dir- 

ty, relating  to  Calculations. 

77.  90  half-fleets  folio  ; being  loofe  Mathematical 

papers. 

78.  176  hcdf-ficets  folio  ; being  loofe  papers  relating 

to  Chronology. 

79.  176  half-fieets  folio  ; being  loofe  papers  relating 

to  the  Prophecies. 

r 12  half-ficets  folio  ; An  Abftrabl  of  the 

80.  < Chronology. 

I 92  half-lheets,  folio  ; The  Chronology. 

81.  40  half-lheets  folio  ; The  Hlftory  of  the  Pro- 

phecies, in  10  chapters,  and  part  of  the  iith 
unfinilhed. 

' 82.  5 fmall  bound  books  fn  12 mo,  the  greateft  part 

not  in  Sir  Ifaac’s  hand,  beii^g  rough  Calcu- 
lations. 

Majr 


NEW 


NEW 


[ 157  ] 


May  26th  1727,  Examined  from  No.  41  to  No.  82 
inclufive,  and  judged  not  fit  to  be  printed,  except 
No.  80,  which  is  agreed  ta  be  printed,  and  part  of 
No.  61  and  81,  which  are  to  be  reconfidered. 

rh.  Pellet. 

Witnefs,  Pho.  Pilklngton, 

It  is  adonifiiing  what  care  and  ioduftry  Sir  Ifaac  had 
employed  about  the  papers  relating  to  Chronology, 
Church.  Hihory,  &c  ; as,  on  examining  the  papers 
themfelves,  which  are  in  the  poiTeffion  of  the  family  of 
the  earl  of  Portfmouth,  it  appears  that  many  of  them 
are  copies  over  and  over  again,  often  with  little  or  no 
variation  ; the  whole  number  being  upwards  of  4000 
fheets  in  folio,  or  8 reams  of  folio  paper  ; befide  the 
bound  books  &c  in  this  catalogue,  of  which  the  num- 
ber of  flieets  is  not  mentioned.  Of  thefe  there  have 
been  publiPiied  only  the  Chronology,  and  Obfervations 
on  the  Prophecies  of  Daniel  and  the  Apocalypfe  of  St. 
John. 

NEWTONIAN  Phllofophyj  the  dofirine  of  the 
imiverfe,  or  the  properties,  laws,  affedtions,  adlions, 
forces,  motions,  &c  of  bodies,  both  celeltial  and  terref- 
trial,  as  delivered  by  Newton. 

This  term  however  is  differently  applied  ; which  has 
given  occafion  to  fome  eonfufed  notions  relating  to  it. 
For,  fome  authors,  under  this  term,  include  all  the 
corpufcular  philofophy,  confidered  as  it  now  (lands  re- 
formed and  corrected  by  the  difeoveries  and  improve- 
ments made  in  feveral  parts  of  it  by  Newton.  In 
which  fenfe  it  is,  that  Gravefande  calls  his  Elements  of 
Phyfics,  Introdudlio  ad  Philofophiam  Ncwtonianam. 
And  in  tnis  fenfe  the  Newtonian  is  the  famic  as  the  new 
philofophy  ; and  hands  contradiltinguifhed  from  the 
Cartelian,  the  Peripatetic,  and  the  ancient  Corpufcu- 
lar. 

Others,  by  New'tonian  Philofophy,  mean  the  method 
or  order  uied  by  Newton  in  philoiophifmg  ; viz,  the 
reafoning  and  inferences  drawn  dircdly  from  phe- 
nomena, exclufivc  of  all  previous  hypothefes  ; the  be- 
ginning from  limple  principles,  and  deducing  the  firft 
powers  and  laws  of  nature  from  a few  fcledl  phenorre- 
na,  and  then  applying  thofe  laws  &c  to  account  for 
other  things.  In  this  fenfe,  the  Newtonian  Philofophy 
is  the  fame  with  the  Experimental  Philofophy,  or  Hands 
oppofed  to  the  ancient  Corpufcular,  and  to  all  hypo- 
thetical and  fanciful  fy  hems  of  Philofophy. 

Others  again,  by  tlijs  term,  mean  that  Philofophy  in 
which  phyfical  bodies  are  eonlidcrcd  mathematically, 
and  where  geometry  and  mechanics  are  applied  to  the 
folution  of  phenomena.  In  wdiich  fenfe,  the  Newto- 
nian is  the  fame  wdth  the  Mechanical  and  Mathemati- 
'cal  Philofophy. 

Others,  by  Newtonian  Philofophy,  underhand  that 
part  of  phyfical  knowledge  which  Newton  has  handled, 
improved,  and  demonhrated. 

And  lahly,  others,  by  this  Philofophy,  mean  the  new 
principles  \vhich  Newton  has  brought  into  Philofophy ; 
with  the  new  fyhem  founded  upon  them^  and  the  new 
folutions  of  phenomena  thence  deduced  ; or  that  which 
characterizes  and  dihinguifhes  his  Philofophy  from  ail 
others.  And  this  is  the  fenfe  m wkicli  we  (hall  here 
chiefly  conhder  it. 


As  to  the  hihory  of  this  Philofophy,  confult  the 
foregoing  article.  It  was  firh  publiflied  in  the  year 
1687,  the  author  being  then  profehbr  of  mathematics 
in  the  unDerfity  of  Cambridge  ; a 2d  edition,  with 
confiderable  additions  and  improvements,  came  out  in 
1713  ; and  a 3d  in  1726.  An  edition,  with  a very 
large  Commentary,  came  out  in  1739,  by  Le  Seur  and 
Jacqiiier  ; behdes  the  complete  edition  of  all  Newtoihs 
works,  with  notes,  by  Dr.  Horfley,  in  1779  d:c.  Se- 
veral authors  have  endeavoured  to  make  it  plainer  ; by 
fetting  afide  many  of  the  more  fublime  mathematical 
relearches,  and  fubhituting  either  more  obvious  rca- 
fonings  or  experiments  inhead  of  them  ; particularly 
Whihon,  ill  his  Praslecl.  Pliyf.  -Mathem.  ; Graveiande^ 
in  Elem.  & Inll.  ; Pemberton,  in  his  View  &c  ; and 
Maclaunn,  in  his  Account  of  Newton’s  Philofophy. 

The  chief  parts  of  the  Newtonian  Philofophy,  as 
delivered  by  the  author,  except  his  Optical  Difeove- 
ries (See,  are  contained  in  his  Principia,  or  Mathematical 
Principles  of  Natural  Philofophy.  He  founds  his  fyf- 
tem  on  the  following  definitions. 

1.  Quantity  of  Matter,  is  the  meafure  of  the  fame, 
anfing  from  its  deufity  and  bulk  conjointly. — Thus, 
air  of  a double  deufity,  in  the  lame  fpace,  is  double  in 
quantity  ; in  a double  Ipace,  is  quadruple  in  quantity; 
in  a triple  fpace,  is  fextuple  in  quantity,  &c. 

2.  Qiiantity  of  Motion,  is  the  meafure  of  the  fame, 
arifing  from  the  velocity  and  quantity  of  matter  con- 
junftly. — This  is  evident,  becaufe  the  motion  of  the 
whole  is  the  motion  of  all  its  parts  ; and  therefore  in  a 
body  double  in  quantity,  with  equal  velocity,  the  Mo- 
tion is  double,  «Src. 

3.  The  Vis  Infita,  Vis  Inertias,  or  innate  force  of 
matter,  is  a power  of  relihing,  by  wbich  every  body, 
as  mmch  as  in  it  lies,  endeavours  to  oerievere  in  its 
prefent  hate,  whether  it  be  of  reh,  or  moving  uni- 
formly forward  in  a right  line. — This  definition  is 
proved  to  be  juh  by  experience,  from  obferving  the  dif- 
ficulty with  which  any  body  is  moved  out  of  its  place, 
upwards,  or  obliquely,  or  even  downwards  when  adled 
on  by  a body  endeavouring  to  urge  it  quicker  than  the 
velocity  given  it  by  gravity  ; and  any  how  to  change  its 
hate  of  motion  or  reh.  And  therefore  this  force  is  the 
fame,  whether  the  body  have  gravity  or  not  ; and  a 
cannon  ball,  void  of  gravity,  if  it  could  be,  being  dif- 
charged  horizontally,  will  go  the  fame  dihance  in  that 
diredfion,  in  the  fame  time,  as  if  it  were  endued  with 
gravity. 

4.  An  ImpreiTed  Force,  is  an  aefion  exerted  upon  a 
body,  in  order  to,  change  its  hate,  whether  of  reh  or 
motion. — This  force  conlihs  in  the  adlion  only  ; and  re- 
mains no  longer  in  the  body  when  the  adlion  is  over. 
For  a body  maintains  every  new  hate  it  acquires,  by  its 
vis  inertias  only. 

5.  A Centripetal  Force,  is  that  by  which  bodies  are 
drawn,  impelled,  or  any  way  tend  towards  a point,  a» 
to  a centre. — This  may  be  confidered  of  three  kinds, 
abfolute,  accelerarive,  and  motive. 

6.  The  Abfolute  quantity  of  a centripetal  force,  is 
a meafure  of  the  fame,  proportional  to  the  efficacy  of 
the  caiife  that  urges  it  to  the  centre. 

7.  The  Accelerative  quantity  of  a centripetal  force, 
is  the  meafure  of  the  fame,  proportional  to  the  velocity 
which  it  generates  in  a given  time. 
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8.  The  Motive  quantity  of  a centripetal  force,  is  a 
meafure  of  the  fame,  proportional  to  the  motion  which 
it  generates  in  a given  time. — This  is  always  known  by 
the  quantity  of  a force  equal  and  contrary  to  it,  that  is 
juft  fufficient  to  hinder  the  defeent  of  the  body. 

After  thefe  definitions,  follow  certain  Scholia,  treat- 
ing of  the  nature  and  diftindtions  of  Time,  Space? 
Place,  Motion,  Abfolute,  Relative,  Apparent,  ft  rue? 
Real,  &c.  After  which,  the  author  propofes  to  Ihew 
how  we  are  to  collect  the  true  motions  from  their 
caufes,  effeils,  and  apparent  differences  ; and  vice  ver- 
fa,  how,  from  the  motions,  cither  true  or  apparent,  we 
may  come  to  the  knowledge  of  their  caufes  and  eftedfs. 
In  order  to  this,  he  lays  down  the  following  axioms  or 
laws  of  motion. 

I ft  Law.  Every  body  perfeveres  in  its  ftate  of  reft, 
or  of  uniform  motion  in  a right  line,  imlefs  it  be  com- 
pelled to  change  that  ftate  by  forces  impreffed  upon  it. 

■ — Thus,  “ Projefiiles  perfeverc  in  their  motions,  fo 
far  as  they  are  not  retarded  by  the  refiftance  of  the  air, 
or  impelled  downwards  by  the  force  of  gravity.  A top, 
whofe  parts,  by  their  cohefion,  arc  perpetually  drawn 
afide  from  redfilinear  motions,  does  not  ceafe  its  rota- 
tion otherwife  than  as  it  is  retarded  by  the  air.  The 
greater  bodies  of  the  planets  and  comets,  meeting  with 
lefs  refiftance  in  more  free  fpaces,  preferve  their  mo- 
tions, both  progreffive  and  circular,  for  a much  longer 
time.” 

2d  I..AW.  The  Alteration  of  motion  is  always  pro- 
portional to  the  motive  force  impreffed  ; and  is  made 
in  the  direction  of  the  right  line  in  which  that  force  is 
impreffed.  Thus,  if  any  force  generate  a certain  quan- 
tity of  motion,  a double  force  will  generate  a double 
quantity,  whether  that  force  be  impreffed  all  at  once, 
f)r  in  fticceliive  moments. 

3d  Law.  To  every  a6tion  there  is  always  oppofed 
an  equal  re-a6iion  :*or  the  mutual  adtions  oftwo  bodies 
upon  each  other,  are  always  equal,  and  diredtedto  con- 
trary parts.  TThus,  whatever  draws  orpreffes  another, 
is  as  much  drawn  or  preffed  by  that  other.  If  you  prefs 
a Hone  with  ymur  finger,  the  linger  k alio  preffed  by 
the  ftone  : &c. 

P’rom  this  axiom,  or  law,  Newton  deduces  the  fol- 
lowing corollaries. 

1.  A body  by  two  Torces  conjoined  will  deferibe  the 
diagonal  of  a parallelogram,  in  the  fame  time  that  it 
would  deferibe  the  fides  by  thofe  forces  apart. 

2.  rience  is  explained  the  compofition  of  any  one 
diredl  force  out  of  any  two  oblique  ones,  viz,  by  mak- 
ing the  two  oblique  forces  the  fides  of  a parallelo- 
gram, and  the  diagonal  the  diredt  one. 

3.  The  quantity  of  motion,  which  is  collected  by 
taking  the  fum  of  the  motions  direbled  towards  the 
fame  parts,  and  the  difference  of  thofe  that  are  diredted 
to  contrary  parts,  fuffers  no  change  from  the  adlion 
of  bodies  among  themfelves  ; becaufe  the  motion  which 
one  body  lofes,  is  communicated  to  another. 

4.  The  common  centre  of  gravity  of  two  or  more 
bodies  does  not  alter  its  ffate  of  motion  or  reft  by  the 
adtions  of  the  bodies  among  themfelves  ; and  therefore 
the  common  centre  of  gravity  of  all  bodies,  adting 
upon  each  other,  (excluding  external  adfions  and  impe- 


diments) is  either  at  reft, “or  moves  uniformly  in  a right 
line. 

5.  The  motions  of  bodies  included  in  a given  fpacc 
are  the  fame  among  themfelves,  whether  that  fpace  be 
at  reft,  or  move  uniformly  forward  in  a right  line  with- 
out any  circular  motion.  Tftie  tr-uth  ot  this  is  evident 
from  the  experiment  of  a (hip  ; where  all  motions  are 
juft  the  fame,  whether  the  (hip  be  at  reft,  or  proceed 
uniformly  forward  in  a ftraight  Ime. 

6.  If  bodies,  any  how  moved  among  themfelves,  be 
urged  in  the  diredtion  of  parallel  lines  by  equal  acce- 
lerative forces,  they  will  all  continue  to  move  among 
themfelves,  after  the  fame  mariner  as  if  they  had  not 
been  urged  by  fuch  forces. 

The  mathematical  part  of  the  Newtonian  Philofophy 
depends  chiefly  on  the  following  lemmas  ; efpecially 
the  iirft  ; containing  the  dodtrine  of  prime  and  ultimate 
ratios. 


Lem.  t.  Quantities,  and  the  ratios  of  quantities, 
which  in  any  finite  time  converge  continually  to 
equality,  and  before  the  end  of  that  time  approach 
nearer  the  one  to  the  other  than  by  any  given  differ- 
ence, become  ultimately  equal, 

Lem.  2 fiiews,  that  in  a fpace  bounded  by  two 
right  lines  and  a curve,  if  an  infinite  number  of  paral- 
lelograms be  inferibed,  all  of  equal  breadth  ; then  the 
ultimate  ratio  of  the  curve  fpace  and  the  fum  of  the  pa- 
rallelograms, will  be  a ratio  of  equalityn 

Lem.  3 (hews,  that  the  fame  thing  is  true  when  the 
breadths  of  the  parallelograms  are  unequal. 

In  the  fucceeding  lemmas  it  is  fhewn,  in  like  man- 
ner, that  the  ultimate  ratios  of  the  fine,  chord,  and 
tangent  of  arcs  infinitely  diminilhed,  are  ratios  of  equa- 
lity, and  therefore  that  in  all  our  reafonings  about 
thefe,  we  may  fafely  ufe  the  one  for  the  other  : — that 
the  ultimate  form  of  evanefeent  triangles,  made  by  the 
arc,  chord,  or  tangent,  is  that  of  firnilitiide,  and  their 
ultimate  ratio  is  that  of  equality  ; and  hence,  in  rea- 
fonings about  ultimate  ratios,  thefe  triangles  may  fafely 
be  nfed  one  for  another,  w'-hether  they  arc  made  with 
the  fine,  the  arc,  or  the  tangent.' — He  then  demonftrates 
fome  propei'ties  of  the  ordinates  of  curvilinear  figures  ; 
and  Ihcws  that  the  fpaces  which  a body  deferibes  by  any 
finite  force  urging  it,  whether  that  force  is  determined 
and  immutable,  or  continually  varied,  are  to  each 
other,  in  the  very  beginning  of  the  motion,  in  the  du- 
plicate ratio  of  the  forces  : — and  laftly,  having  added 
fome  demonftrations  concerning  the  evanefcence  of  an- 
gles of  coRtaft,  he  proceeds  to  lay  down  the  mathema- 
tical part  of  his  fyftcm,  which  depends  on  the  follow- 


ino;  theorems. 

Theor.  I.  The  areas  which  revolving  bodies  de- 
feribe by  radii  drawn  to  an  immoveable  centre  of  force, 
lie  in  the  fame  immoveable  planes,  and  are  proportional 
to  the  times  in  which  they  are  deferibed. — 'To  tins 
prop,  are  annexed  feveral  corollaries,  relpecfting  the  velo- 
cities of  bodies  revolving  by  centripetal  forces,  the  di- 
rections and  proportions  of  thofe  forces,  &c  ; fuch  as, 
that  the  velocity  of  fuch  a revolving  body,  is  recipro- 
cally as  the  perpendicular  let  fall  from  the  centre  of 
force  upoti  the  line  touching  the  orbit  in  the  place  of 
the  body,  See. 

, 'Theor.  2.  Every  body  that  moves  in  any  curve 
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line  defcribed  in  a plane,  and,  by  a radius  drawn  to  a 
point  either  immoveable  or  moving  forward  with  an  uni- 
form reffilinear  motion,  defcribes  about  that  point  areas 
proportional  to  tlie  times,  is  urged  by  a centripetal 
force  direfted  to  that  point. — Witir  corollaries  relatinig 
to  fuch  motions  in  refilling  mediums,  and  to  the  di- 
re61ion  of  the  forces  when  the  areas  are  not  proportion- 
al to  the  times. 

Theor.  3.  Every  body  that,  by  a radius  drawn  to 
the  centre  of  another  body,  any  how  moved,  defcribes 
areas  about  that  centre  proportional  to  the  times,  is 
urged  by  a force  compounded  of  the  centripetal  forces 
tending  to  that  other  body,  and  of  the  whole  accelera- 
tive force  by  which  that  other  body  is  impelled. — With 
feveral  corollaries, 

Theor.  4.  The  centripetal  forces  of  bodies,  which 
by  equal  motions  deferibe  different  circles,  tend  to  the 
centres  of  the  fame  circles  ; and  are  one  to  the  other  as 
the  fquares  of  the  arcs  defcribed  111  equal  times,  applied 
t©  the  radii  of  the  circles. — With  many  corollaries,  relat- 
ing to  the  velocities,  times,  periodic  forces,  &c.  x\nd,  in 
fcholium,  the  author  farther  adds,  Moreover,  by  means 
of  the  foregoing  propofition  and  its  corollaries,  ive  may 
difeover  the  proportion  of  a centripetal  force  to  any 
other  known  force,  fuch  as  that  of  gravity.  For  if  a 
body  by  means  of  its  gravity  revolve  in  a circle,  con- 
centric to  the  earth,  this  gravity  is  the  centripetal  force 
of  that  body.  But  from  the  defeent  of  heavy  bodies, 
the  time  of  one  entire  revolution,  as  well  as  the  arc  de- 
fcribed in  any  given  time,  is  given  by  a corol.  to  this 
prop.  And  by  fuch  propofitions,  Mr.  Huygens,  in  his 
excellent  book  De  Horologio  Ofcillatorio,  has  com- 
pared the  force  of  gravity  with  the  centrifugal  forces  of 
revolving  bodies. 

On  thefc,  and  fuch-like  principles,  depends  the  New- 
tonian Mathematical  Philofophy.  The  author  farther 
fhews  haw  to  find  the  centre  to  which  the  forces  im- 
pelling any  body  are  diredled,  having  the  velocity  of  the 
body  given  : and  finds  that  the  centrifugal  force  is  al- 
w^ays  as  the  veifed  fine  of  the  nafeent  arc  diieftly,  and 
as  the  fquare  of  the  time  inverfely  ; or  directly  as  the 
fquare  of  the  velocity,  and  inverfely  as  the  chord  of  the 
nafeent  arc.  From  thefe  premifes,  he  deduces  the  me- 
thod of  finding  the  centripetal  force  diretled  to  any 
given  point  when  the  body  revolves  in  a circle  ; and 
this  whether  the  central  point  be  near  hand,  or  at  ini- 
menfe  diifance  ; fo  that  ail  the  lines  drawn  from  it  may 
be  taken  for  parallels.  And  he  fhews  the  fame  thing 
with  regard  to  bodies  revolving  in  fpirals,  ellipfes,  hy- 
perbolas, or  parabolas.  He  ftiews  alfo,  having  the  fi- 
gures of  the  orbits  given,  how  to  find  the  velocities  and 
moving  powers  ; and  indeed  refolves  all  the  moil  diffi- 
cult problems  relating  to  the  c'eleftial  bodies  with  a fur- 
prifing  degree  of  mathematical  il-iill.  Thefe  problems 
and  demonftrations  are  all  contained  in  the  firflbook  of 
the  Principia  ; but  an  account  of  them  here  would  nei- 
ther be  generally  iinderflood,  nor  eafily  comprized  in  the 
limits  of  this  work. 

In  the  fecond  book,  Newton  treats  of  the  properties 
and  motion  of  fluids,  and  their  powers  of  refiffance, 
with  the  motion  of  bodies  through  fuch  refilling  me- 
diums, thofe  refinances  being  in  the  ratio  of  any  powers 
of  the  velocities  ; and  the  motions  being  either  made  in 
right  lines  or  curves,  or  vibrating  like  pendulums. 


And  here  he  demonftrates  fuch  principles  as  entirely* 
overthrow  the  doctrine  of  Hes  Cartes’s  vortices,  which 
was  the  fafhionable  fyllem  in  his  time  ; concluding  the 
book  with  thefe  words  : “ So  that  the  hypothefis  of 
vortices  is  utterly  irreconcileable  with  aftronomical  phe- 
nomena, and  rather  ferves  to  perplex  than  explain  the 
heavenly  motions.  How  thefe  motions  are  performed 
in  free  fpaces  without  vortices,  may'^  be  uiiderflood  by 
the  firll  book  ; and  I fiiall  now  more  fully  treat  of  it 
in  tlie  following  book  Of  the  Syltem  of  the  World.”— 
In  this  fecond  book  he  makes  great  ufe  of  the  doctrine 
of  Fluxions,  then  lately  invented  ; for  which  purpofe 
he  lays  down  the  principles  of  that  doftrine  in  the  zd- 
Femma,  in  thefe  words  : “ The  moment  of  anv  Ge- 
nit  urn  is  equal  to  the  moments  of  each  of  the  generating 
fides  drawn  into  the  indices  of  the  powers  of  thofe  fides, 
and  into  their  coefficients  continually  which  rule  f.c 
demon  11  rates,  and  then  adds  the  following  fcholium 
concerning  the  invention  of  that  doftrine  : “ In  a letter 
of  mine,  fays  he,  to  Mr.  J.  Collins,  dated  December 
JO,  1672,  having  defcribed  a method  of  tangents, 
which  I fufpedled  to  be  the  fame  with  Slufius’s  method.. 
which  at  that  time  rvas  not  made  public  ; I fubjoined 
thefe  words  : ‘ This  is  one  particular,  or  rather  a 
corollary,  of  a general  method  which  extends  itfelf. 
without  any  troublefome  calculation,  not  only  to  tiie 
drawing  of  tangents  to  any  curve  lines,  whether  geo- 
metrical or  meclianical,  or  any*  how  refpedling  right 
lines  or  other  curves,  but  alfo  to  the  refolving  other 
abllrufer  kinds  of  problems  about  the  curvature,  areas, 
lengths,  centres  of  gravity*  of  curves,  &c  ; nor  is  it 
(as  Hadden’s  method  de  Maximis  <S:  Minimis)  limited 
to  equations  which  arc  free  from  lurd  quantities. 
This  method  I have  interwoven  with  that  other 
of  working  in  equations,  by  reducing  them  to  infinite 
feries.’  So  far  that  letter.  And  thefe  lall  words  re- 
late to  a Treatife  I cempofed  on  that  fubje£l  in  the. 
y-'car  1671.”  Which,  at  leafl,  is  therefore  the  date  of 
the  invention  of  the  dodtrine  of  Fluxions. 

On  entenng  upon  the  3d  book  of  the  Principia, 
Newton  briefly'-  recapitulates  the  contents  of  the  two- 
former  books  in  thefe  words;  “In  the  preceding, 
books  I have  laid  down  the  principles  of  philofophy;, 
principles  not  philofophical,  but  mathematical  ; fuch,. 
to  wit,  as  we  may  build  our  reaionings  upon  in  philo- 
fophical enquiries.  Thefe  principles  are,  the  laws  and’ 
conditions  of  certain  motions,  and  powers  or  forces,, 
which  chiefly  have  refpedb  to  philofophy.  But  lefl 
they  fhoLild  have  appeared  of  tliemfelves  dry  and  bar- 
ren, I have  illuilrated  them  here  and  there  with  fome 
philofophical  fcholiums,  giving  an  account  of  fuch 
tilings,  as  arc  of  a more  general  nature,  and  which  phi- 
lofophy-  feems  chiefly  to  be  founded  on  ; fuch  as  the, 
denlity  and  the  refiitance  of  bodies,  fpaces  void  of  all 
matter,  and  the  motion  of  light  and  founds.  It  re- 
mains, he  adds,  that  from  the  fame- principles  I now 
demonflrate  the  frame  of  the  fyftern  of  the  world. 
Upon  this  fubjedt,  I had  indeed  compofed  the  3d', 
book  in  a popular  method,  that  it  might  be  read  by. 
many.  But  afterwards  confidering  that  fuch  as  had 
not  fufficiently  entered  into  the  principles  could  not. 
eafily  difeern  the  firength  of  the  confequences,  nor  lay 
afide  the  prejudices  to  which  they  had  been  many'-  years, 
accuflomed ; therefore  to  prevent  the  difputes  \vhicli. 
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might  be  raifed  upon  fach  accounts,  I chofe  to  reduce 
tlie  fubftance  of  that  book  into  the  form  of  propor- 
tions, in  the  mathematical  way,  which  fiiould  be  read 
by  thofe  only,  who  had  firft  made  themfelves  mafters  of 
the  principles  eitabliilied  in  the  preceding  books.’^ 

As  a neceiTary  preliminary  to  this  3d  part,  Newton 
lays  down  the  following  rules  for  realoning  in  natural 
philofophy  : 

1.  We  are  to  admit  no  more  caufesof  natural  things, 
than  fuch  as  are  both  true  and  fufficient  to  explain  their 
natural  appearances. 

2.  Therefore  to  the  fame  natural  effects  we  mull  al- 
ways afiign,  as  far  as  pofiible,  the  fame  caufes. 

3.  The  qualities  of  bodies  which  admit  neither  inten- 
fion  nor  remifnon  of  degrees,  and  which  are  found  to 
belong  to  all  bodies  within  the  reach  of  -our  experi- 
ments, are  to  be  efteemed  the  univerfal  qualities  of  all 
bodies  whatfoevcr. 

4.  In  experimental  philofophy,  we  are  to  look  upon 
propofitions  collefted  by  general  induction  from  pheno- 
mena, as  accurately  or  very  nearly  true,  notwithftand- 
ing  any  contrary  hypothefes  that  may  be  imagined, 
till  fuch  time  as  other  phenomena  occur,  by  which 
they  may  cither  be  made  more  accurate,  or  liable  to  ex- 
ceptions. 

The  phenomena  firfl  confidercd  are,  i.  That  the  fa- 
tcllites  of  Jupiter,  by  radii  drawn  to  his  centre,  de- 
feribe  areas  proportional  to  the  times  of  defeription  ; 
and  that  their  periodic  times,  the  fixed  ftars  being  at 
reft,  are  in  the  fefquiplicate  ratio  of  their  diftances 
from  that  centre.  2.  The  fame  thing  is  likewife  ob- 
ferved  of  the  phenomena  of  Saturn.  3.  The  five  pri- 
mary planets,  Mercury,  Venus,  Mars,  Jupiter,  and  Sa- 
turn, with  their  feveral  orbits,  encompafs  the  fun. 
4.  The  fixed  ftars  being  fuppofed  at  reft,  the  periodic 
times  of  the  faid  five  primary  planets,  and  of  the  earth, 
about  the  fun,  are  in  the  fefquiplicate  proportion  of 
their  mean  diftances  from  the  fun.  5.  The  primary 
planets,  by  radii  drawn  to  the  earth,  deferibe  areas  no 
w'ays  proportional  to  the  times  : but  the  areas  which 
they  deferibe  by  radii  drawn  to  the  fun  are  proportion- 
al to  the  times  of  defeription.  6.  The  moon,  by  a ra- 
dius drawn  to  the  centre  of  the  earth,  deferibes  an  area 
proportional  to  the  time  of  defeription.  All  which 
phenomena  are  clearly  evinced  by  aftronomical  ohfer- 
▼ations.  The  mathematical  demonftrations  are  next 
applied  by  Newton  in  the  following  propofitions. 

Prop.  t.  The  forces  by  which  the  fatellites  of  Ju- 
piter are  continually  drawn  off  from  rectilinear  mo- 
tions, and  retained  in  their  proper  orbits,  tend  to  the 
centre  of  that  planet  ; and  are  reciprocally  as  the 
fquares  of  the  diftances  of  thofe  fatellites  from  that 
centre. 

Prop.  2.  The  fame  thing  is  true  of  the  primary 
planets,  with  refpeft  to  the  fun’s  centre. 

Prop.  3.  The  fame  thing  is  alfo  true  of  the  moon, 
in  refpedl  of  the  earth’s  centre. 

Prop.  4.  The  moon  gravitates  towards  the  earth  ; 
nnd  by  the  force  of  gravity  is  continually  drawn  off 
from  a rectilinear  motion,  and  retained  in  her  or- 
bit. 

Prop.  5.  The  fame  thing  is  true  of  all  the  other 
planets,  both  primary  and  fecondai  y,  each  with  refpedf 
to  the  centre  of  its  motion. 


Prop,  6.  All  bodies  gravitate  towards  every  planet  ^ 
and  the  w'eights  of  bodies  towards  any  one  and  the  famd 
planet,  at  equal  diftances  from  its  centre,  are  propor* 
tional  to  the  quantities  of  matter  they  contain. 

Prop*  7.  There  is  a power  of  gravity  tending  to  all 
bodies,  proportional  to  the  feveral  quantities  of  matter 
which  they  contain. 

Prop.  8.  In  two  fpheres  mutually  gravitating  each 
towards  the  other,  if  the  matter  in  places  on  all  fides, 
roundabout  and  equidiftant  from  the  centres,  be  fimi- 
lar  ; the  weight  of  either  fphere  towards  the  other,  will 
be  reciprocally  as  the  fqiiare  of  the  diftance  between 
their  centres. — Hence  are  compared  together  the 
weights  of  bodies  towards  different  planets : hence 
alfo  are  difeovered  the  quantities  of  matter  in  the  feve- 
ral planets  : and  hence  likewife  are  found  the  denfitiei 
of  the  planets. 

Prop.  9.  The  force  of  gravity,  in  parts  down- 
wards from  the  furface  of  the  planets  towards  their 
centres,  decreafes  nearly  in  the  proportion  of  the  dif- 
tances from  thofe  centres. 

Thefe,  and  many  other  propofitions  and  corollaries, 
are  proved  or  illuftrated  by  a great  variety  of  experi- 
ments, in  all  the  great  points  of  phyfical  aftronomy  | 
fuch  as,  That  the  motions  of  the  planets  in  the  hcaveni 
may  fubfift  an  exceeding  long  time;-— That  the  centre 
of  the  fyftem  of  the  world  is  immoveable: — *That  the 
common  centre  of  gravity  of  the  earth,  the  fun,  and 
all  the  planets,  is  immoveable  : — That  the  fun  is  agi- 
tated by  a perpetual  motion,  but  never  recedes  far 
from  the  common  centre  of  gravity  of  all  the  pla- 
nets : — That  the  planets  move  in  ellipfes  which  have 
their  comnion  focus  in  the  centre  of  the  fun  5 and,  hy 
radii  drawn  to  that  centre,  they  deferibe  areas  propor- 
tional to  the  limes  of  defeription: — The  aphelions  and 
nodes  of  the  orbits  of  the  planets  are  fixt  : — To  find 
the  aphelions,  eccentricities,  and  principal  diameters  of 
the  orbits  of  the  planets  : — -That  the  diurnal  motions 
of  the  planets  are  uniform,  and  that  the  libration  of  the 
moon  arifes  from  her  diurnal  motion  : — Of  the  propor- 
tion between  the  axes  of  the  planets  and  the  diameters 
perpendicular  to  thofe  axes: — Qf  the  weights  of  bodies 
in  the  different  regions  of  our  earth : — -That  the  equi- 
nodtial  points  go,  backwards,  and  that  the  earth’s  axis, 
by  a nutation  in  every  annual  revolution,  twice  vibrateis 
towards  the,  ecliptic,  and  as  often  returns  to  its  former 
pofition  : — That  all  the  motions  of  the  moon,  and  all 
the  inequalities  of  thofe  motions,  follow  from  the 
principles  above  laid  down  : — Of  the  imequal  mations 
of  the  fatellites'  of  Jupiter  and  Saturn  c — Of  the  flux 
and  reflux  of  tlie  fea,  as  arifing  from  the  actions  of  the 
fun  and  moon  : — Of  the  forces  with  which  the  fun  dii- 
tuibs  the  motions  of  the  moon  ; of  the  Vaiious  motions 
of  the  moon,  of  her  orbit,  variation,  inclinations  of 
her  orbit,  and  the  feveral  motions  of  her  nodes  : — Of 
the  tides,  with  the  forces  of  the  fun  and  moon  to  pro- 
duce them  Of  the  figure  of  the  moon’s  body  : — Of 
the  precefiion  of  the  equinoxes  :■ — And  of  the  motions 
and  trajectory  of  comets.  The  great  author  then 
concludes  with  a General  Scholium,  containing  reflec- 
tions on  the  principal  parts  of  the  great  and  beautiful 
fyftem  of  the  univerfe,  and  of  the  infinite,  eternal 
Creator  and  Governor  of  it. 

“ The  hypotirefis  of  vortices,  fay*  he,  is  preffed 
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with  many  difficulties.  That  every  planet  by  a radiir. 
drawn  to  the  iun  may  deferibe  areas  proportional  to 
the  times  of  defeription,  the  periodic  times  of  tb^  fe- 
veral  parts  of  the  vortices  fiiould  obferve  the  duplicate 
proportion  of  their  diftances  from  the  fun.  But  that 
the  periodic  times  of  the  planets  may  obtain  the  fefqui- 
plicate  proportion  of  their  diftances  from  the  fun,  the 
periodic  times  of  the  parts  of  the  vortex  ought  to  be  in 
the  felquiplicate  proportion  of  their  diftances.  That 
the  fmaller  vortices  may  maintain  their  leffer  revolutions 
about  Saturn,  Jupiter,  and  other  planets,  and  fwim 
quietly  and  undillurbed  in  the  greater  vortex  of  the 
fun,  the  periodic  times  of  the  parts  of  the  fun’s  vortex 
fhould  be  equal.  But  the  rotation  of  the  fun  and  pla- 
nets about  their  axes,  which  ought  to  correfpond  with 
the  motions  of  their  vortices,  recede  far  from  all  thefe 
proportions.  The  motions  of  the  comets  are  exceeding 
regular,  are  governed  by  the  fame  laws  with  the  motions 
of  the  planets,  and  can  by  no  means  be  accounted  for 
by  the  hypothefis  of  vortices.  For  comets  are  carried 
with  very  eccentric  motions  through  all  parts  of  the 
heavens  indifferently,  with  a freedom  that  is  incompa- 
tible with  the  notion  of  a vortex. 

“ Bodies,  proje6ted  in  our  air,  fuffer  no  refiftancc  but 
from  the  air.  Withdraw  the  air,  as  is  done  in  Mr. 
Boyle’s  vacuum,  and  the  refiftancc  ceafes.  For  in  this 
void  a bit  of  fine  down  and  a piece  of  folid  gold  de- 
feend  with  equal  velocity.  And  the  parity  of  reafon 
muff  take  place  in  the  celeftial  fpaces  above  the  earth’s 
atmofphere  ; in  which  fpaces,  where  there  is  no  air  to 
refift  their  motions,  all  bodies  will  move  with  the 
greateft  freedom  ; and  the  planets  and  comets  will  con- 
ffantly  purfue  their  revolutions  in  orbits  given  in  kind 
and  polition,  according  to  the  laws  above  explained. 
But  though  thefe  bodies  may  indeed  perfevere  in  their 
orbits  by  the  mere  laws  of  gravity,  yet  they  could  by 
no  means  have  at  firft  derived  the  regular  polition  of  the 
orbits  themfelves  from  thofe  laws. 

“ The  fix  primary  planets  are  revolved  about  the  fun, 
in  circles  concentric  with  the  fun,  and  with  motions  di- 
reffed  towards  the  fame  parts,  and  almoll  in  the  fame 
plane.  Ten  moons  are  revolved  about  the  earth,  Ju- 
piter and  Saturn,  in  circles  concentric  with  them,  with 
the  fame  diredion  of  motion,  and  nearly  in  the  planet 
of  the  orbits  of  thofe  planets.  But  it  is  not  to  be  con- 
ceived that  mere  mechanical  caufes  could  give  birth 
to  fo  many  regular  motions ; fince  the  comets  range 
over  all  parts  of  the  heavens,  in  very  eccentric  orbits. 
For  by  that  kind  of  motion  they  pafs  eafily  through  the 
orbs  of  the  planets,  and  with  great  rapidity  ; and  in 
their  aphelions,  where  they  move  the  fioweft,  and  are 
detained  the  longeft,  they  recede  to  the  greateft  dif- 
tances from  each  other,  and  thence  fuffer  the  Icall  dif- 
turbance  from  their  mutual  attradions.  This  moll 
beautiful  fyftem  of  the  fun,  planets,  and  comets,  could 
only  proceed  from  the  counfel  and  dominion  of  an  in- 
telligent and  powerful  Being.  And  if  the  fixed  ftars  are 
the  centres  of  other  like  fyftems,  thefe  being  formed  by 
the  like  wife  counfel,  mull  be  all  fubjedlto  the  dominion 
of  one  ; efpecially,  fince  the  light  of  the  fixed  ftars  is  of 
the  fame  nature  with  the  light  of  the  fun,  and  from 
every  fyftem  light  paffes  into  all  the  other  fyftems. 
And  left  the  fyftem  of  the  fixed  ftars  ftiould,  by  their 
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gravity,  fall  on  each  other  mutually,  he  hath  placed 
thofe  fyftems  at  immenfe  diftances  one  from  ano- 
ther.” 

Then,  after  a truly  pious  and  philofophical  defcaut 
on  the  attributes  of  the  Being  who  could  give  exiftence 
and  continuance  to  fuch  prodigious  mechauifm,  and 
with  fo  much  beautiful-  order  and  regularity,  the  great, 
author  proceeds, 

“ Flitherto  we  have  explained  the  phenomena  of 
the  heavens  and  of  our  fea,  by  tlie  power  of  gravu’tv, 
but  have  not  yet  affigned  the  caufe  of  this  power;  This 
is  certain,  that  it  muft  proceed  from  a caufc  tliat  pene- 
trates to  the  very  centres  of  the  fun  and  planets,  with- 
out fuffering  the  leaft  dlmimition  of  its  force  ; that 
operates,  not  according  to- the’  quantity  of  the  furfaces 
of  the  particles  upon  which  it  afls,  (as  mechanical 
caufes  life  to  do,)  but  according  to  the  quantity  of  the 
folid  matter  which  they  contain,  and  propagates  its 
virtue  on  all  fides,  to  immenfe  diftances,  decreafing  al- 
ways in  the  duplicate  proportion  of  the  diftances.  Gra- 
vitation towards  the  fun,  is  made  up  out  of  the  gravi- 
tations towards  the  feveral  particles  of  which  the  body 
of  the  fun  is  compofed  ; and  in  receding  from  the  fun, 
decreafes  accurately  in  the  duplicate  proportion  of  the 
diftances,  as  far  as  the  orb  of  Saturn,  as  evidently  ap- 
pears from  the  quiefcence  of  the  aphelions  of  the  pla- 
nets ; nay,  and  even  to  the  remoteft  aphelions  of  the 
comets,  if  thofe  aphelions  are  alfo  quiefeent.  But  hi- 
therto I have  not  been  able  to  difeover  the  caufe  of 
thofe  properties  of  gravity  from  phenomena,  and  I 
frame  no  hypothefes.  For  whatever  is  not  deduced 
from  the  phenomena,  Is  to  be  called  an  hypothefis  ; and 
hypothefes,  whether  metaphyfical  or  phyfical,  whether 
of  occult  qualities  or  mechanical,  have  no  place  in  ex- 
perimental philofophy.  In  this  philofophy  particular 
propofitions  are  infeiTed  from  the  phenomena,  and  af- 
terwards rendered  general  by  induftion.  Thus  it  was 
that  the  impenetrability,  the  mobility,  and  the  irapul- 
five  force  of  bodies,  and  the  laws  of  motion  and  of 
gravitation,  were  difeovered.  And  to  us  it  is  enough, 
that  gravity  docs  really  exift,  and  a£l  according  to  the 
laws  wmich  we  have  explained,  and  abundantly  ferves 
to  account  for  all  the  motions  of  the  celeftial  bodies, 
and  of  our  fea. 

“ And  now  we  might  add  fomething  concerning  a 
certain  moft  fubtle  fpirit,  which  pervades  and  lies  hid  In 
all  grofs  bodies,  by  the  force  and  aftion  of  which  fpi- 
rit, the  particles  of  bodies  mutually  attradl  one  ano- 
ther at  near  diftances,  and  cohere,  if  contiguous,  and 
elefl  ric  bodies  operate  to  greater  diftances,  as  well  re- 
pelling as  attradling  the  neighbouring  corpnfcles*  and 
light  is  emitted,  rcfledled,  refrafled,  Infletled,  and 
heats  bodies  ; and  all  Icniation  is  excited,  and  the  mem- 
beis  of  animal  bodies  move  at  the  command  of  the 
will,  namely,  by  the  vibrations  of  this  fpirit,  mutually 
propagated  along  the  folid  iilaments  of  the  nerves,  from 
the  outward  organs  of  fenie  to  the  brain,  and  from  the 
brain  into  the  mulcles.  But  thefe  are  things  that  can- 
not be  explained  in  few  words,  nor  are  we  furnlffied 
with  that  fufficlency  of  experiments  which  is  re- 
quired to  an  accurate  determination  and  demonftration 
of  the  laws  by  which  this  eledric  and  elaftlc  fpirit  ope^ 
rates,” 

Y NICHE, 
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NICHE,  a carity,  or  hollow  part,  iu  the  thicknefs 

of  a wall,  to  place  a figure  or  ilatue  in. 

NICOLE  (Francis),  a very  celebrated  French 
mathematician,  was  born  at  Pans  December  the  23  > 
1683.  His  early  attachment  to  the  mathematics  in- 
duced M.  Montmori;  to  take  the  charge  of  his  ^edu- 
cation : and  he  opened  out  to  him  the  way  to  the  higher 
geometry.  He  iirft  became  publicly  remarkable  by  de- 
teHing  the  fallacy  of  a pretended  quadrature  of  tne 
circle.  This  quadrature  a M.  Mathulon  fo  aifuredly 
thought  he  had  difeovered,  that  he  depolited,  in  the 
hands  of  a public  notary  at  Lyons,  the  fum^  oi  3000  li- 
vres,  to  be  paid  to  any  perfon  wdio,  in  the  judgment  of 
the  Academy  of  Sciences,  Oioiild  demoiidrate  the  fal- 
fityofhis  folution.  M.  Nicole,  piqued  at  this  chH- 
lenge,  undertook  the  tafe,  and  expofmg  the  para.o- 
gifm,  the  Academy’s  judgment  was,  that  Nicole  had 
plainly  proved  that  the  redilineal  figure  which  Mathu- 
loii  had  given  asxqual  to  the  circle,  was  not  only  un- 
equal to  it,  but  that  it  was  even  greater  than  the  poly- 
gon of  32  fides  circumferibed  about  the  circle.  The 
prize  of  3000  livres,  Nicole  prefented  to  the  public 

hofpital  of  Lyons.  , . 

The  Academy  named  Nicole,  Eleve-Mechamcian, 
NIarch  i2,  iy©'7  j Adjundf  in  1^16,  Affociate  in 
1718,  and  Penfioner  In  1724  ; which  he  continued  till 
liis  death,  which  happened  the  iSth  of  January  175 
■at  75  years  of  age. 

His  works  were  all  inferted  in  the  different  volumes 
of  the  Memoirs  of  the  Academy  of  Sciences ; and  are 
as  follow ; 

1.  A General  Method  for  determining  the  Nature 
of  Curves  formed  by  the  Rolling  of  other  Curves  upon 
any  Given  Curve  ; in  the  volumie  for  the  year  i/O?* 

2.  A General  Method  for  ReHifying  all  Rouletsupon 

Right  and  Circular  Bafes  ; 1308.  ^ ^ 

3.  General  Method  of  determining  the  Nature  of 
thofe  Curves  which  cut  an  Infinity  of  other  Curves 
given  in  Pofition,  cutting  them  always  in  a Conftant 
Angle  ; 1 7 J 5* 

4.  Solution  of  a Problem  propofed  by  M.  de  Lag- 
ny  ; 1716. 

3.  Treatife  of  the  Calculus  of  Finite  Differences  ; 
1717* 

6.  Second  Part  of  the  Calculus  of  Finite  Differ- 
ences ; 1723. 

7.  Second  Seeftion  of  ditto;  17^3* 

8.  Addition  to  the  two  foregoing  papers  ; 1724. 

9.  New  Propofition  in  Elementary  Geometry  ; 

1723. 

10.  New  Solution  of  a Problem  propofed  to  the 
Englifli  Mathematicians,  by  the  late  M.  Leibnitz  ; 

^ii.  Method  of  Summing  an  Infinity  of  New  Se- 
ries, which  are  not  fummablc  by  any  other  known  me- 
t liod  * 1 727* 

12!  Treatife  of  the  Lines  of  the  Third  Order,  or  the 
Curves  of  the  Second  Kind  ; r 729. 

13.  Examination  and  Refolution  of  fome  Queftlons 
relating  to  Play  ; 1730.  ^ ^ 

14.  Method  of  determining  the  Chances  at  Play, 
ly.  Obfervations  upon  the  Conic  Sections;  173^* 
16.  Manner  of  generating  in  a Solid  Body,  all  the 

Lines  of  the  Third  Order ; 1731. 


17.  Manner  of  determining  the  Nature  of  Roulets 
formed  upon  the  Convex  Surface  of  a Spheie  ; and  of 
determining  which  are  Geometric,  and  which  are  Rec- 
tifiable ; 1732. 

18.  Solution  of  a Problem  in  Geometry  ; 1 732- 

19.  The  Ufe  of  Series  in  refolving  many  Problems  in 

the  Inverfe  Method  of  Fangents;  3 737* 

20.  Obfervations  on  the  Irreducible  Cafe  in  Cubic 

Equations;  17  38* 

2 I.  Obfervations  upon  Cubic  Equations  ; 

22.  On  the  TrifeDion  of  an  Angle  ; 1740* 

23.  On  the  Irreducible  Cafe  in  Cubic  Equations  ; 
1741. 

24.  Addition  to  ditto  ; 1743*, 

25.  His  Lail  Paper  upon  the  fame  ; 1744. 

26.  Determination,  by  Incommenfurablesand  Deci- 
mals, the  Values  of  the  Sides  and  Areas  of  the  Series  in 
a Double  Progreffion  of  Regular  Polygons,  iiifcribed  in 
and  circumfcribed  about  a Circle  ; 174?* 

NIEUWENTYT  (Bernard),  an  eminent  Dutch 
philofopher  and  mathematician,  was  born  on  th'e  lOth 
of  Augiill  1654,  at  Weftgraafdyk  in  North  Hol- 
land, where  his  fath*er*'Avas  minifter.  He  difcoveicd 
very  early  a good  genius  and  a ftrong  inclination  for 
learning  ; which  was  caretully  improved  by  a fuitabL 
education.  He  hadalfo  that  prudence  and  fagacity,  which 
led  him  to  purfue  literature  by  fure  and  proper  fteps, 
acquiring  a kind  ofniailery  in  one  fcienccbefoie  he  pro- 
ceeded to  another.  His  father  had^  defigned  him  for 
the  miniftry  ; but  feeing  his  inclination  did  not  lie  that 
way,  he  prudently  left  him  tb  purfue  the  bent  of  his 
genius.  xYccordingly  young  NIeuwentyt  apprehend- 
ing that  nothing  was*  more  ufeful  than  fixing  his  imagi- 
nation and  forming  his  judgment  well,  applied  himfelf 
early  to  logic,  and  the  art  of  reafoning  jultly,  in  which 
he  grounded  himfelf  upon  the  principles  of  Des  Cartes, 
wfith  whofe  philofophy  he  w'as  greatly  deligliLed.  ^ From 
thence  he  proceeded  to  the  mathematics,  iR  whicn^  he 
made  a confiderable  proficiency  ; thougly  the  applica- 
tion he  gave  to  that  branch  of  learning  did  not  hinder 
him  from  ftudying  both  law  and  phyfic.  In  fa6I  he 
fucceeded  in  all  tlieie  fciences  fo  wCil,  asdefeivcdly  to 
acquire  the  charaDer  of  a good  philofopher,  a great 
nlathem.atician,  an  expert  phyfician,  and  an  able  and 

juft  magiflrate.  . 

Although  he  was  naturally  of  a grave  and  ferious  dii- 
pofition,  yet  he  w'as  very  affable  and  agreeable  in  con- 

verfatlon.  His  engaging  manner  procured  the  affebtion 

of  every  one  ; and  by  this  means  he  often  drew  over  to 
his  opinion  thofe  who  before  differed  very  widely  from 
himi  Thus  accomplifhed,  he  acquired  a great  eileem 
and  credit  in  the  council  of  the  town  of  Puremerende, 
where  he  refided  ; as  he  did  alfo  in  ^he  dates  of  that 
province,  who  refpeaed  him  the  more,  Inafmuch  as  he 
never  engaged  111  any  cabals  or  factions,  in  ordei  to  fe- 
cure  it ; regarding  in  liis  conduD,  an  open,  honeft,  up- 
right behaviour,  as  the  bed  fource  of  fatisfadlion,  and 
relying  folely  on  his  merit.  In  fabf,  he  was  more  at- 
tentive to  cultivate  the  fciences,  than  eager  to  obtain 
the  honours  of  the  government ; contenting  himfed 
with  being  counfcllor  and  burgomader,  without  court- 
ing or  accepting  any  other  pods,  which  might 
fere  wfith  his  dudies,  and  draw  him  too  much  out  of  his 

library.-^Nieuwentyt  died  the  7th  of  May  1730,  at  7 
^ years 
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years  of  age — ^having  been  twice  married. — He  was  au- 
thor of  feveral  works,  in  the  Latin,  French,  and  Dutch 
langnages,  the  principal  of  which  arc  the  following; 

1.  A Lreatife  in  Dutch,  proving  the  Exi/ietice  of 
God  by  the  Wonders  of  Nature  ; a much  elleemed  work, 
and  went  through  many  editions.  It  was  tranflated  alio 
into  feveral  languages,  as  the  French,  and  the  Engliiii, 
under  the  title  of,  The  Religious  Phllofopher^  igfe. 

2.  A Refutation  of  Spinoza,  in  the  Dutch  lan- 
giiage. 

Analyfrs  Injinitoruni  \ 1695,  4to. 

4.  Corfidcrationes  fecunda  circa  Calculi  Diferenhalis 
Prlncipia  ; 1696,  8vo. — In  this  work  he  attacised  Leib- 
nitz, and  was  anfwered  by  John  Bernoulli  and  James 
Jiennan. 

i;.  A.  Treatife  on  the  New  Ufe  of  the  Tables  of 
Sines  and  Tangents. 

6.  A LeUer  to  Bothnia  or  Burmania,  upon  the  Sub- 
jedl  of  Meteors. 

NIGHT,  that  part  of  the  natural  day,  during  which 
the  fun  is  below  the  horizon  : though  fometlmes  it  is 
underftood  that  the  twilight  is  referred  to  the  day,  or 
time  the  fun  is  above  the  horizon  ; the  remainder  only 
being  the  Night.  ^ 

Under  the  equator,  the  Nights,  in  tlie  former  fenfe^, 
are  always  equal  to  the  days  ; each  being  12  hours  long. 
But  under  the  poles,  the  Night  continues  half  a year. 
—The  ancient  Gauls  and  Germans  divided  their  time 
not  by  days,  but  Nights  ; as  appears  from  Caefar  and 
Tacitus  ; alfo  the  Arabs  and  the  Icelanders  do  tlie 
fame.  The  fame  may  alfo  be  obferved  of  our  Saxon 
anceftors  ; whence  our  cuhom  of  faying,  Sevennight, 
Fortnight,  &c. 

NOCTILUCA,  a fpecies  of  phofphorus,  fo  called 
bccaufe  it  ihines  in  the  night,  without  any  light  being 
thrown  on  it  : fuch  is  the  phofphorus  made  of  urine,. 
By  which  it  hands  dhlinguilhed  from  forae, other  fpecies 
of  phofphorus,  which  require  to  be  expofed  to  the  funr 
beams  before  they  willhiine  ; as  the  Bononian-ilone,  Sic. 
— Mr.  Boyle  has  a particular  Treatife  on  this  fub- 
jedf. 

NOCTURNAL  Arch,  is  the  arch  of  a circle  de- 
ferihed  by  the  fun,  or  a ftar,  in  the  night. 

Nocturnal,  or  Nocturlabfum,  denotes  an  in- 
flrument,  chieily  nfedat  fea,  to.take  the  altitude  or  de- 
prellion  of  the  pole  ftar,  and  fume  other  liars  about  the 
pole,  for  finding  the  latitude,  and  the  hour  of  the 
night. 

There  are  feveral  kinds  of  this  inftrument  ; fome  of 
which  are  projections  of  the  Iphere  ; fuch  as  the  lie- 
mifpheres,  or  planifpheres,  on  tlie  plane  of  the  equinoc- 
tial. The  feamen  commonly  life  two  kinds  ; the  one 
adapted  to  the  pole  ftar  and  the  firft  of  the  guards  of  the 
Little  Bear  ; the  other  to  the  pole  ftar  and  the  pointers 
of  the  Great  Bear. 

h'he  Nodlurnal  eonfifts  of  two  circular  plates  (fig.  15* 
pi.  xiii)  applied  over  each  other.  'I’he  greater,  which 
has  a handle  to  liold  die  inftrument,  is  about  2^  inches 
diameter,  and  is  divided  into  12  parts,  anfwering  to  the 
12  months  ; alfo  each  month  fubdivided  into  every  5th 
day  ; and  in  fuch  manner,  that  the  middle  of  the  handle 
correfponds  to  that  day  of  the  y'car  in  which  the  ftar 
here  refpedled  has  the  fame  right  afcenfion  with  the  fun. 

Wlicn  the  inftrument  is  fitted  for  two  liars,  the  han- 


dle is  made  moveable.  The  upper  circle  is  divided  in-, 
to  2 4 equal  parts,  for  the  24  hours  of  the  day,  and  each 
hour  fubdivided  into  quarters,  as  in  the  figure.  Thefc 
24  hours  are  noted  by  24  teeth  ; to  be  told  in  the  night. 
In  the  centre  of  the  two  circular  plates  is 'adjufted  a 
long  index  A,  moveable  upon  the  upper  plafc.  And 
the  three  pieces,  viz,  the  two  circles  and  index,  arc 
joined  by  a rivet  which  is  pierced  through  the  centre, 
with  a hole  2 inches  In  diameter,  for  the  ftar  to  be  ob- 
ferved through. 

To  Ufe  the  Nocturnal.  Turn  the  upper  plate 
till  the  longeft  tooth,  marked  f 2,  be  againft  the  day  of 
the  month  on  the  under  plate  ; and  bringing  the  in- 
ftrument near  the  eye,  fufpend  it  by  the  handle,  with 
the  plane  nearly  parallel  to  the  equinoctial  ; then  view- 
ing the  pole-ftar  through  the  hole  in  the  centre,  turn 
the  index  about  till,  by  the  edge  coming  from  the  cen- 
tre, you  fee  the  bright  ftar  or  guard  of  the  Little  Bear, 
if  the  inftrument  be  fitted  to  that  ftar  : then  that  tooth 
of  the  upper  circle,  under  the  edge  of  the  index,  is  at 
the  hour  of  the  night  on  the  edge  of  the  hour-circle  : 
which  maybe  known  without  a flight,  by  counting  the 
teeth  from  the  longeft,  wlilcli  is  for  the  hour  of  I2. 

NODifkft’ED  Hyperbola,  one,  fo  called  by  Newton, 
which  by  turning  round  decuftates  or  croffes  Itfelf : as 
in  the  2d,  and  feveral  other  fpecies,  gf  his  Enumeratia 
Linearum  Tertii  Ordinis. 

NODES,  the  two  oppofite  points  where  the  orbit 
of  a planet  Interfe6Is  the  ecliptic.  That,  where  tlie 
planet  afeends  from  the  fouth  to  the  north  fide  of  the 
ecliptic,  is  called  the  Afcending  Node,  qr  the  Dragon’s 
Head,  and  marked  thus  So  : and  the  oppofite  point, 
where  the  planet  defeends  from  the  north  to  the  fouth 
fide  of  the  ecliptic,  i?  called  the  Defcending  Node,  or 
D ragon’s  Tail,  and  is  thus  marked  ^ . Alfo  the 
risfht  line  drawn  from  the  one  Node  to  the  other,  is 

0 ^ 

called  the  Line  of  the  Nodes. 

Byobfervatlon  itappearsthat,in  allthe  planets, theLine 
of  the  Nodes  continually  changes  its  place,  its  motion  being 
in  antecedentia  ; i.  c.  contrary  to  the  order  of  the  iigns, 
or  from  call  to  weft ; with  a peculiar  degree  of  motion 
for  each  planet.  Thus,  by  a retrograde  motion,  the  line 
of  the  moon’s  nodes  completes  its  circuit  in  18  years 
and  22  5 days,  in  which  time  the  Node  returns  again  to 
the  fame  point  of  the  ecliptic,  b^ewton  has  not  only 
Ihewn,  that  this  motion  arifes  from  the  action  of  the 
fun,  but,  from  its  caule,  he  has  with  great  Ikill  calcu- 
lated all  the  elemenrs  and  varieties  in  this  motion.  See 
his  Princip.  lib.  3,  prop.  30,  31, 

The  moon  jruift  be  in  or  near  one  of  the  Nodes  to 
make  an  eclipfe  either  of  the  fun  or  moon. 

NODLTS,  or  Node,  in  Dialling,  denotes  a point  or  hole 
In  the  gnomon  of  a dial,  by  the  ftiadow  or  light  of  which 
is  fhewn,  eitlier  the  hour  of  the  day  in  dials  without 
furniture,  or  the  paralh Is  of  the  fun’s  declination,  and 
Ills  place  in  the  ecliptic,  <kc,  in  dials  with  furni- 
ture. 

NOLLET  (the  Ahbe  Joein  Anthony),  a confi- 
derable  Frencli  philofojilier,  and  a member  of  moft  of 
the  phllofophica]  focietits  and  academies  of  Europe;  was 
born  at  Pimpre,  in  the  diftriift  of  Noyon,  the  19th  of 
November  1 700.  From  tiie  profound  retreat,  in  which 
the  mediocrity  of  his  fortune  obliged  him  to  live,  his 
reputation  continually  increafed  from  day  to  day, 
y 2 M.  Dufay 
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Dufay  aiTocIatea  him  in  his  Elecftrical  Refearches  ; 
and  M.  de  Reaumur  refigned  to  him  his  laboratory.  It 
was  under  thefe  mafters  that  be  developed  his  talents. 
M.  Dufay  took  him  along  with  him  in  a journey  he 
made  into  England  ; and  Nollet  profited  fo  well  of  this 
opportunity,  as  to  inflitute  a friendly  and  literary  cor- 
refpondence  with  feme  of  the  moil  celebrated  men  in 
this  country. 

The  king  of  Sardinia  gave  him  an  invitation  to  Tu- 
rin, to  perform  a courfe  of  experiinenta]  philofjpliy  to 
tlie  duke  ot  Savoy.  From  thence  iie  travelled  into 
Italy,  where  he  colledled  fome  good  ohfervatioiis  con- 
cerning the  natural  hiilory  of  the  country. 

In  France  he  was  mailer  of  philofophy  and  natural 
hiilory  to  the  royal  iannly  ; and  proleilor  royal  of  ex- 
pe-rimentai  philofophy  to  the  college  of  Navarre,  and 
to  the  fchools  of  artillery  and  engineers.  The  Acade- 
my of  Sciences  appointed  him  adjundl -mechanician  in 
*739’  aifoeiate  in  1742,  and  peiifioner  in  1757*  Nol- 
let  died  the  24th  of  April  1770, _ regretted  by  alibis 
friends,  but  efpfecially  by  his  relations,  whom  he  always 
fuccoured  with  an  aifedlionate  attention.  The  works 
pubiiihedby  Nollet,  are  the  following : ^ ^ ^ 

I*  Recueils  de  Lettres  fur  I’Ekaricite ; 1753,  3 
yols  in  12  mo. 

2.  EiTai  fur  I’Ekaricite  des  Corps  ; l vol.  in 


22ino. 

3.  Recherches  fur  ks  Caufes  particulieres  des  Phe- 
nomenes  Eleftriques  ; 1 vol.  in  i2mo. 

4,  L’Art  des  Experiences  ; 1770,  3 vols  in  12 mo. 

His  papers  printed  in  the  different  volumes  of  the 

Memoirs  of  the  Academy  of  Sciences,  are  much  too 
numerous  to  be  particularized  here  ; they  are  inferted 
in  all  or  moft  of  the  volumes  from  the  year  1740  to  the 
year  1767  inclufive,  moftly  fcveral  papers  in  each  vo- 
lume. 

NONAGESIMAL,  or  Nonagesimal  Degree^ 
called  alfo  the  Mid-heaven,  is  the  higheft  point,  or 
90th  degree  of  the  ecliptic,  reckoned  from  its  interfec- 
tion  with  the  horizon  at  any  time  ; and  its  altitude  is 
equal  to  the  angle  that  the  ecliptic  makes  with  the  ho- 
rizon at  their  interfeflion,  or  equal  to  the  diilance  of 
the  zenith  from  the  pole  of  the  ecliptic.  It  is  much 
ufed  in  the  calculation  of  folar  eclipfes. 

NONAGON,  a figure  having  nine  Tides  and  angles. 

In  a regular  Nonagon,  or  that  whofe  angles,  and 

fides,  are  all  equal,  if  each  fide  be  i , its  area  will  be 
6-1818242  = |of  the  tangent  of  70°,  to  the  radius 
1.  See  my  Menfuratloii,  p.  114,  2d  edit. 

NONES,  in  the  Roman  Calendar,  the  5th  day  of 
the  months  January,  February,  April,  June,  Aiiguff, 
September,  November,  and  December  j and  the  7^fi 
of  the  other  months  March,  May,  July,  and  Oaober: 
thefe  laft  four  months  having  6 days  before  the  Nones, 
and  the  others  only  four.— They  had  this  name  proba- 
bly, becaufe  they  were  always  9 days  inclufively,  from 
the  firft  of  the  Nones  to  the  Ides,  i.  e.  reckoning  in- 
clufivcly  both  thofe  days* 

NONIUS,  or  Nunez  (Peter),  a very  eminent 
Portugiiefe  mathematician  and  phyfician,  was  born  in 
1497,  at  Alcazar  in  Portugal,  anciently  a remarkable 
city,  known  by  the  name  of  J3alacia,  from  whence  he 
was  furnamed  Salaclcnfis.  Pie  was  profeffor  of  mathe- 
jiuatics  in  the  univerfity  of  Coimbra,  where  he  publilhcd 


fome  pieces  which  procured  him  great  reputation.  He 
was  mathematical  preceptor  to  Don  Heni-y,  fon  to 
king  Emanuel  of  Portugal,  and  principal  cofmogra- 
pher  to  the  king.  Nonius  was  very  ferviccabk  to  the 
defigns,  which  this  court  entertained  of  carrying  on 
their  maritime  expeditions  into  the  Eaft,  by  the  publi- 
cation of  his  book  Of  the  Art  of  Navigation^  and  va- 
rious other  works.  He  died  in  1577,  at  80  years 
of  age. 

Nonius  was  the  author  of  feveral  ingenious  works 
and  inventions,  and  jiillly  effeemed  one  of  the  moft  emi- 
nent mathematicians  of  his  age.  Concerning  his  Art 
of  Navigation-,  father  Dechaks  fays,  “ In  the  year 
1530,  Peter  Nonius,  a celebrated  Portugiiefe  mathe- 
matician, upon  occafion  of  lome  doubts  propofed  to 
him  by  Martiiius  Alphonfus  Sofa,  wrote  a Trcatife  oa 
Navigation,  divided  into  two  books  ; in  the  firft,  he 
anfwers  fome  of  thofe  doubts,  and  explains  the  nature 
of  Loxodromic  lines.  In  the  fecond  book,  he  treats 
of  rules  and  inftruments  proper  for  navigation,  particu- 
larly fea ‘Charts,  and  inftruments  ferving  to  find  the  ele- 
vation of  the  pole;  but  fays  he  is  rather  obfeure  in  hiV 
manner  of  writing.”- — Furetiere,  in  his  Diflionary,. 
takes  notice  that  Peter  Nonius  was  the  firft  who,  in 
1530,  invented  the  angles  which  the  Loxodromic 
curves  make  with  each  meridian,  calling  them  in  hia 
language  Rhumbs,  and  which  he  calculated  by  fphe- 
rical  triangles. — Stevinus  acknowledges,  that  Peter  No- 
nius was  fcarce  inferior  to  the  very  beft  mathematicians 
of  the  age.  And  Schottus  fays,  he  explained  a great 
many  problems,  and  particularly  the  mechanical  pro- 
blem of  Ariftotk  on  the  motion  of  veffels  by  oars.  His 
Notes  upon  Purbach’s  Theory  of  the  Planets,  are  very 
much  to  be  efteemed  ; he  there  explains  feveral  things, 
which  had  either  not  been  noticed  before,  or  not  rightly 
underftood. 

In  1542  he  publifhed  a Treatife  on  the  Twilight, 
which  he  dedicated  to  John  the  3d,  king  of  Portugal ; 
to  which  he  added  what  Alhazen,  an  Arabian  author; 
has  compofed  on  the  fame  fubjedl.  In  this  work  he 
deferibes  the  method  or  inftrument  called,  from  him, 
Nonius,  a particular  account  of  which  fee  in  the  fol- 
lowing article.— He  corredled  feveral  mathematical 
miftakes  of  Orontius  Finjeus.- — But  the  moft  celebrated 
of  all  his  v/orks,  or  that  at  lead  he  appeared  moft  to 
value,  was  his  'Treatife  of  Algebra.,  which  he  had  com- 
pofed in  Portuguefe,  but  tranftated  it  into  the  Caftilian 
tongue,  when  he  refolved  upon  makjng  it  public, 
which  he  thought  would  render  his  book  more  ufefuL 
as  this  language  was  inorc  generally  known  than  the 
Portuguefe.  The  dedication,  to  his  former  pupil, 
prince  Henry,  was  dated  from  Lifbon,  Dec.  i,  1564. 
This  work  contains  341  pages  in  the  Antwerp  edition 
of  1567,  in  8vo. 

The  catalogue  of  his  works,  chiefly  in  Latin,  is  as 
follows : 

1.  De  Arte  Navigandi,  libri  duo  ; 1 530. 

2.  De  Crepufculis  ; 1542. 

3.  Annotationes  in  Ari/iotelem, 

4.  Probkma  Mechanicum  de  Motu  Navigii  ex  Re-- 
mis. 

5.  Annotationes  in  Planetarum  Theorias  Gcorgii 
Purbachii,  &c. 

6.  Libro  de  Algebra  enArithmcticay  Geometra ; 1564* 

Nonius, 
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Nonius,  is  a name  alfo  erroneouOy  given  to  the  me- 
thod of  graduation  now  generally  ul'ed  in  the  divifion  of 
the  fcales  of  various  inftruments,  z^nd  which  Ihould  be 
called  Vernier,  from  its  real  inventbr.  The  method  of 
Nonius,  fo  called  from  its  inventor  Pedro  Nunez,  or 
Nonius,  and  deferibed  in  his  treatife  De  Crepufeulis, 
printed  at  Lifbon  in  1542,  confills  in  deferibing  within 
the  fame  quadrant,  4^  concentric  circles,  dividing  the 
outermoh  into  qo  equal  parts,  the  next  within  into  89, 
the  next  into  88,  and  lo  on,  till  the  innermoft  was  divided 
into  46  only.  By  this  means,  in  moft  obfervations, 
the  plumb-line  or  index  muft  crofs  one  or  other  of  thofe 
circles  in  or  very  near  a point  of  divifion  : whence  by 
calculation  the  degrees  and  minutes  of  the  arch  might 
ealily  be  obtained.  This  method  is  alfo  deferibed  by 
Nunez,  ki.  his  treatife  De  Arte  et  Ratione  Navigaiidi, 
lib.'  2,  cap.  6,  where  he  imagines  it  was  not  unknown- 
to  Ptolomy.  But  as  the  degrees  are  thus  divided  un- 
equally, and  it  is  very  difficult  to  attain  exacfnefs  in 
the  divifion,  efpeciaily  when  the  numbers,  into  w'hich 
the  arches  are  to-be  divided,  are  incompofitc,  of  which 
there  are  i>o  lefs  than  nine,  the  method  of  diagonals, 
firft  pabll.ffied  by  Thomas  Digges,  Efq.  in  his  treatife 
Alae  feu  Se?dae  Mathematicas,  printed  at  Lond.-  in 
1573,  faidtobe  invented  by  one  Richard  Clianfe- 
ier,  a very  fkilful  artift,  was  fuhkituted  in  its  Head. 
However,  Nonius’s  method-  was  improved  at  different- 
times  \ but  the  admirable  divifion  now  10  much  in  ufe, 
is  the  moft  confiderable  improvement  of  it,.  Bee  Ver- 
nier. 

NORMAL,  is  ufed*  fometimes  for  a perpendicu- 
lar, 

NORTH  Siat'y  called  alfo  the  Pble-*ftar,,  is  the  laft' 
in  the  tail  of  the  Little  Bear.. 

Northern  Signs,  are  thofe  fix.that  arc  in  the  north 
fide  of  the  equator  viz,  Aries,  Taurus,  Gemini, 
Cancer,  Leo,  Virgo. 

NORTHING,  in  Navigation;  is  the  difference 
of  latitude,  which  a-  fliip  makes  in-  failing  north- 
wards. 

NOSTRADAMUS  (Michel),  an  able  phyfician 
and  celebrated  aftrologer,  was  born  at  St.  Remy  in 
Provence  in  the  diocefe  of  Avignon,  December  14, 
1503,  His  father  was  a notary  public,  and  his  grand- 
father a phyfician,  from  whom  he  received  fome  tinc- 
ture of  the  mathematics.  He  afterw-ards  completed  his 
courfes  of  languages  and  philofophy  at  Avignon.  From 
hence,  going  to  Montpelier,  he  there  applied  himfelf  to 
phyfic  ; but  being  forced  away  by  the  plague,  he  tra- 
velled through  different  places  till  he  came  to  Bour- 
deaux,  undertaking  all  fuch  patients  as  wei'C  willing  to 
put  themfelves  under  his  care.  This  courfe  occupied 
him  five  years  ; after  which  he  returned  to  Montpelier, 
and  was  created  doblor  of  his  faculty  in  1520;  after 
which  he  revifited  the  fame  places  where  he  had  prac-  ' 
tifed  phyfic  before.  At  Agen  he  formed  an  acquaint- 
ance with  Julius  Cjefar  Scaliger,  and  married  his  firft‘ 
wife  ; but  ha-^ing  buried  her,  and  two  children  which 
fhe  brought  him,  he  quitted  Agen  after  a rcfidencc  of 
about  four  years.  He  fixed  next  at  Marfc files  ; but, 
his  friends  having  provided  an  advantageou-s  match  for 
him  at  Salon,  he  repaired  thither  about  the  year  15441 
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and  married  accordingly  his  fecond  wife,  by  whom  he 
had  feveral  children. 

In  1546,  Aix  being  afflifled  with  the  plague,  he 
went  thither  at  the  felicitation  of  the  Inhabitants,  to 
whom  he  rendered  great  fervice,  particularly  by  a pow- 
der of  his  own  intention:  fo  that  the  town,  in  grati- 
tude, gave  him  a confidernble  penfion  for  feveral  years 
after  the  contagion  ceafed.  In  1547  the  city  of  Lyons, 
being  vifited  with  the  lame  difttmper,  liad  recourfe  to 
our  phyfician,  who  attended  them  alfo.  Afterward.® 
returning  to  Salon,  he  began  a more  retired  courfe  of 
life,  and  in  this  time  of  leilure  applied  himfelf  clofely-to 
his  ftudies.  Fie  had  for  a long  time  followed  the  trade 
of  a conjurer  occafionally  ; and  now  he  began  to  fancy 
himielf  infpired,  and  miraculoufly  illuminated  with  a 
profpedt  into  futurity.  As  fall  as  thefe  illuminations 
had  diicovered  to  him  any  future  event,  he  entered  it  in 
writing,  in  fimple  prole,  though  in  enigmatical  fen- 
tences  ; but  revifing  them  afterw'ards,  he  thought  tlic 
fentences  would  appear  more  refpedtable,  and  favour 
more  of  a prophetic  fpirit,  if  they  were  expreffed  in 
verle.  This  opinion  determined  him  to  tluow  them  all-- 
into  quatrains,  and  he  afeervvard  ranged  them  into  ceu. 
turies.  For  fome  time  he  could  not  venture  to  publilh 
a work  of  this  nature  ; but  afterwards  perceiving  that 
the  time  of  many,  events  foretold  in  his  quatrains  was 
very  near  at  hand,  he  refolved  to  print  them,  as  he  did, 
with. a dedication  addreffied  to  his  fon  Caefar,  an  infant 
only  fome  months  old,  and  dated  March  i,  1555.  To 
this  fii-ft  edition,  which  comprifes  but  feven  centurie®, 
he  prefixed  his  name  in  Latin,  but  gave  to  his  fon 
Caelar  the  name  as  it  is  pronounced  in  French, . Notra- 
dame. 

The.public  were  divided  in  their  fentiments  of  thi« 
work  : many  looked  upon  the  author  as  a fimple  vi- 
fionary ; by  others  he  was  accufed  of  magic  or  the 
black  art,  and  treated  as  an  impious  perfon  who  held  a * 
commerce  with  the  devil  ; while  great  numbers  believed 
him  to  be  really  endued  with  the  fupernatural  gift  of 
prophecy.  However,  Henry  the  2d,  and  queen  Catha- 
rine of  Medieis,  his  mother,  were  refolved  to  fee  our 
prophet,  who  receiving  orders  to  that  effecf,  he  pre- 
fently  repaired  to  Paris.  Fie  was  very  gracioufty  re-: 
ctived  at  court,  and  received  a prefent  of  2co  crowns.-. 
He  was  fent  afterwards  to  Blois,  to  vifit  tire  king’s 
children  there,  and  report  what  he  ftiould  be  able  to 
difeover  concerning  their  deftinies.  It  is  not  known- 
what  his  fentence  was  ; however  he  returned  to  Salgn 
loaded  with  honour,  and  good  prefents. 

Animated  with  this  fuccefs,  he  augmented  his  work 
to  the  number  of  loco  quatrains,  and  publifhed  it  with 
a dedication  to  the  king  in  1558.-  That  prince  dying 
the  next  year  of  a wound  which  he  received  at  a tour- 
nament, our  prophet’s  book  was  immediately  con-- 
fulted  ; and  this  unfortunate  event  was  found  in  tlie- 
35th  quatrain  of  the  firft  century,  which  runs  thus  in  . 
the  London  edition  of  1672  : 

Le  Lion  jeune  le  vieux  furmontera,' 

En  champ  bellique,  par  fingulier  duellc,  • 

Dans  cage  d’or  I’ceil  il  lui  crevera, 

Deux  playes  une,  puis  mourir  mort  cruellc.*' 
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In  Englidi  thus,  from  the  fame  edition  : 

The  young  J-.ion  fliall  overcome  tlie  old  one, 

In  martial  field  by  a fugle  duel. 

In  a golden  cage  he  lhall  put  out  lus  eye,  ^ 

Two  wounds  from  one,  then  he  fhali  die  acruei  oeatu. 

So  remarkable  a prediction  added  new  wings  to  liis 
fame  ; and  he  was  honoured  foon  after  with  a vifit  froni 
Emanuel  duke  of  Savoy,  and  the  princefs  Marg'aret  ot 
France,  his  confort.  From  this  time  ^Noftradamus 
found  himfelf  even  overburdtned^  with  vifitors,  and  his 
fame  made  every  day  new  acqmfitions.  Charles  the 
nth,  coming  to  Salon,  was  eager  afiove  all  things  to  have 
a fo-ht  of  him  : Nollradamus,  who  then  was  in  waiting 
as  one  of  the  retinue  of  the  magiftrates,  being  inllantly 
prefented  to  the  king,  complained  of  the  little  efteem 
his  countrymen  had  for  him  ; upon  which  the  monarch 
publicly  declared  that  he  leould  hold  the  enemies  ot 
Noftradamns  to  be  his  enemies,  and  defired  to  fee  his 
children.  Nor  did  that  prince’s  favour  ftop  here  ; m 
palling,  not  long  after,  through  the  city  pf  Arles,  he 
fent  for  Noftradamus,  and  prefented  him  with  apiirie^ot 
2CO  crowns,  together  with  a brevet,  conftituting  him 
his  phyfician  in  ordinary,  with  the  fame  appointment  as 
the  reft.  But  our  prophet  enjoyed  thefe  honours  only  a 
fRort  time,  as  he  died  i6  months  after,  viz,  July  2, 
ir^6,  at  Salon,  being  then  in  his  grand  climaaeric,  or 
63d  year.— He  had  publiftied  feveral  other  pieces,  chiefly 

relating  to  medicine.  ^ r .u 

Fie  left  three  fons  and  three  dauguters.  ^ Cselar  the 

eldeft  fon  was  born  at  Salon  in  1 355,  and  died  in  1629  : 
he  left  a manufeript,  giving  an  account  of  the  moft  re- 
markable events  in  the  hiftory  of  Provence,  from  1080 
to  1404,  in  which  he  Inferted  the  lives  of  the  poets  of 
that  country.  Thefe  memoirs  falling  Into  the  hands 
of  his  nephew  Csefar  Noftradamus,  gentleman  to  the 
duke  of  Guife,  he  undertook  to  complete  the  work  ; 
and  being  encouraged  by  the  eftates  of  the  country, 
he  carried  the  account  up  to  the  Celtic  Gauls  : tne  im- 
preffion  was  finifhed  at  Lyons  in  1614,  and  pifbhihed 
under  the  title  of  Cbronique  de  PHiftoIre  de  Provence. 

Xhe  fecondfen,  John,  exereifed  with  reputation  the 

Furmefs  of  a prodor  in  the  parliament  of  Provence.— 
Fie  wrote  the  Lives  of  the  Ancient  Provenqal  Poets, 
called  Troubadours,  and  the  work  was  printed  at  Lyons 
in  1575,  Svo.— The  youngeft  fon  it  is  faid  undertook 
the  trade  of  peeping  into  futurity  after  his  father, 
•NOTATION,  is  the  reprefenting  of  numbers,  or  any 
other  quantities,  by  Notes,  charadlers,  ormaiks. 

The  choice  of  arithmetical,  and  other,  characters,  is 
arbitrary  ; and  hence  they  are  yarlous  in  various  na- 
tions : the  figures  o,  i,  2,  3,  &c,  in  commori  nfe,  are 
derived  from  the  Arabs  and  Indians,  from  whom  they 
have  their  name,  and  the  Notation  by  them,  which 
forms  the  decimal  or  decuple  fcale,  is  perhaps  the  moft 
convenient  of  any  for  arithmetical  computations.^ 

The  Greeks,  Flebrews,  and  other  eaftern  nations,  as 
alfo  the  Romans,  expreffed  numbers  by  the  letters  of 
their  common  alphabet.  See  Character. 

In  Algebra,  the  quantities  are  reprefented  moftly  by 
the  letters  of  the  alphabet,  &c  ; and  that  as  early  as 
the  time  of  Diophantus.  See  Algebra. 

notes,  in  Mufic,  are  charadlers  which  mark  the 
tones,  i.  e.  the  elevations  and  fallings  of  the  voice,  or 
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found,  and  the  fwiftnefs  or  flown efs  of  its  motion?, 
&c  ; and  thefe  have  undergone  various  alterations  audr 
improvements,  before  they  arrived  at  their  prefent  ftate 
of  perfedlion. 

NOVEMBER,  the  eleventh  month  in  the  Julian 
year,  but  the  ninth  in  the  year  of  Romulus,  beginning 
with  March;  whence  its  name.  In  this  month,  which 
contains  30  days,  the  fun  enters  the  fign  , viz,  ufual.y 

about  the  2 itt  day  of  the  month. 

NUCLEUS,  the  kernel,  is  ufed  by  Hevehus,  and 
fome  other  aftronomers,  for  the  body  of  a comet,  which 
others  call  its  head,  as  diftinguiftied  from  its  tail,  or 

beard.  . r 1 

Nucleus  is  alfo  11  fed  by  fome  writers  for  the  cen-. 

tral  parts  of  the  earth,  and  other  planets,  which  they 
fuppofe  firmer,  and  as  it  were  feparated  fiom  them, 
confidered  as  a cortex  or  fliell. 

NULL,  the  fame  as  Newel  of  a Staircafe. 
NUMBER,  a collection  or  affeiublage  of  feveral 
units,  or  feveral  things  of  the  fame  kind  ; as  2,  3,  4, 
&c,  exclufive  of  the  number  1 1 which  is  Liiclid  s de- 
finition of  Number. — Stevinus  defines  Number  as  that 
by  which  the  quantity  of  anything  Is  expreffed  : agree- 
ably to  which  Newton  conceives  a Number  to  confift, 
not  in  a multitude  of  units,  as  Euclid  defines  it,  but  in 
the  abftradt  ratio  of  a quantity  of  any  kind  to  another 
quantity  of  the  fame  kind,  wnich  is  accounted  as  unity, 
and  in  this  fenfe,  including  all  thefe  tiiree  fpecies  of 
Number,  viz,  Integers,  FratLions,  and  Surds. 

Wolfius  defines  Number  to  be  fomething  which  re- 
fers to  unityq  as  one  right  line  refers  to  another.  ^ ffhus, 
affuming  a right  line  for  unity,  a Number  may  likewffe 
be  expreffed  by  a rigdit  line.  Ano  in  this  way  alfo 
E)cs  Cartes  confiders  numbers  as  expreffed  by  lines, 
where  he  treats  of  the  arithmetical  operations  as  per- 
formed by  lines,  in  the  beginning  of  his  Geometry. 

For  the  manner  of  characterising  Numbers,  fee  No- 
tation. And  ^ r*  • 

For  reading  and  exprcJTing  Numbers  in  combination, 

fee  Numeration, 

Mathematicians  confider  Number  under  a great  many 
circuiTiftances,  and  different  relations,  accidents,  5cc. 

Numbers,  Jh folate,  Ahflract,  Abundant,  Amkahle, 
Applicate,  Binary,  Cardinal,  Circular,  Lompofiie,  Con- 
crete, Defective,  ' FraCional,  Blomogeneal,  Irrational  ov 
Surd,  Linear  or  MIkI,  Ordinal,  Polygonal,  Prime,  Pyra- 
midal, Rational,  Similar,  b'c,  fee  the  refpedive  adjec- 
tives. 

Broken  Numbers,  or  Fradions,  are  certain  parts  of 
unity,  or  of  fome  other  Number. 

Cubic  Number,  is  the  produd  of  a Iquare  Number 
multiplied  by  its  root,  or  the  continual  produdl  of  a 
Number  twice  multiplied  by  itfeli ; 
as  the  Numbers  - - U 27,  64,  125,  ckc, 

which  are  the  cubes  of  - i>2,  3.,  4, 

This  feriesof  the  cubes  of  the  ordmal.  iNumbers,  may- 
be railed  by  addition  only,  viz,  adding  always  the  dif- 
ferences ; as  was  firft  Ihewn  by  Peletarius,  at  the  end 
of  his  Algebra,  firft  printed  In  15  <58,  where  he  gives  a 
table  of  the  fquares  and  Cubes  of  the  firft  140  num- 
bers. See  Cube. 

Every  Cubic  Number  wliofe  root  islefs  than  6,  viz, 
the  Cubic  Numbers  i,  8,  27,  64,  125,  being  divided  by 
6,  the  remainder  is  the  root  itfelt : 

Thus, 
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Thus, 

^ o Q ; I = 1 1 ; V = 4 = i of  ; ’ I ^ ==  20  | ; 

where  the  remainders,  or  the  numerators  of  the  fmall 
fraftions,  are  o,  i,  2,  3,  4,  5,  the  fame  as  the  roots 
of  the  Cubes  o,  i,  8,  27,64,  125.  After  thefe,  the 
next  fix  Cubic  Numbers  being  divided  by  6,  the  re- 
mainders will  be  refpectively  the  fame  arithmetical 
feries,  viz  - _ - - o,  i,  2,  3,  4,  5 ; 

to  each  of  which  adding  6,  gives  6,  7,  8,  9,  10,  ii, 
for  the  roots  of  the  next  fix  cubes  2 1 6,  343,  &c. 

Then,  again  dividing  the  next  fet  of  fix  Cubic 
Numbers,  viz,  - - 1728,  2197,  &c, 

by  6,  the  remainders  are  a£;ain  1 

1 r r • • } o>  2)  3j  4» 

the  lame  lenes,  viz,  J 7 j 

to  each  of  which  adding  12,  gives  12,  13,  14  i^',  16,  i", 
for  the  roots  of  the  faid  next  fix  cubes.  And  fo  on  in 
infinitum,  the  feries  of  remainders  o,  i,  2,  3,  /],  3,  con- 
tinually recurring,  and  to  each  fet  of  theie  remainders 
the  refpedlive  Numbers  o,  6,  12,  18,  24,  &c,  being 
added,  the  fums  will  be  the  whole  feries  of  roots, 
o,  I,  2,  3,  4,  5,  6,  &c. 

M.  de  la  Hire,  from  confidering  this  property  of  the 
Number  6,  with  regard  to  Cubic  Numbers,  found  that 
all  other  Numbers,  raifed  to  any  power  whatever,  had 
each  their  divifor,  which  had  the  fame  effedlwith  regard 
to  them,  that  6 has  with  regard  to  Cubes.  And  the 
general  rule  he  has  difeovered  is  this ; if  the  exponent 
of  the  power  of  a number  be  even,  i.  e,  if  that  number 
be  raifed  to  the  2d,  4th,  6tli,  &:c  power,  it  mull  be  di- 
vided bv  2,  then  the  remainder  added  to  2,  or  to  a 
multiple  of  2 , gives  the  root  of  the  Number  correfpond- 
ing  to  its  power,  i.  c.  the  2d,  or  4th,  &c,  root.  But  if 
the  exponent  of  the  power  of  the  Number  be  uneven, 
viz  the  3d,  5th,  7th,  &c  power,  the  double  of  that  ex- 
ponent fliall  be  the  divifor,  which  fliall  have  the  pro- 
perty here  required. 

A Determinate  Number,  is  that  which  is  referred  to 
fome  given  unit  ; as  a ternary  or  three. 

An  Even  Number,  is  that  which  may  be  divided 
into  two  equal  parts,  without  remainder  or  fradlion,  as 
the  Numbers  2,  4,  6,  8,  10,  &c. — The  fums,  differences, 
produdis,  and  pow'ers  of  liven  Numbers,  are  alfo  Even 
Numbers. 

An  Enjenly-Even  Number,  is  fuch  as  being  divided 
by  an  even  Number,  the  quotient  is  alfi)  an  Even  Num- 
ber without  a remainder:  as  16,  which  divided  by  8 
gives  2 for  the  quotient. 

An  Une^oenly-Even  Number,  is  fuch  as  being  divided 
by  an  Even  Number,  the  quotient  is  an  Uneven  one  : as 
20,  which  divided  by  4,  gives  3 for  the  quotient. 

Figurate  or  Fignral  Numbers,  are  certain  ranks  of 
Numbers  found  by  adding  together  firfi:  a rank  of  units, 
which  is  the  firfi  order,  which  gives  the  2d  order; 
then  thefe  added  give  the  3d  order;  and  fo  on.  Hence, 
the  feverai  orders  of  Figurate  Numbers,  are  as  follow  : 


Firfi  order 

I . I . 

I . I . I . 

&c. 

2d  order 

- 

1.2. 

3 • 4 • 5 • 

&c. 

3d  order 

- 

I • 3 • 

6 . 10.  15. 

ccc. 

4th  order 

1.4. 

10.  20.  35. 

&c. 

5th  order 

- 

1.5. 

15.  35. 70. 

&c. 

The  firfl'order  confifls  all  of  equals,  and  the  2d  order 
of  the  natural  arithmetical  progreffion ; the  3d  order 


is  alfo  called  triangular  Numbers,  the  4th  order  pyra- 
midals,  ^c. 

See  Figurate  Ahimhers, 

Heterogeneal  Numbers,  are  fuch  as  are  referred  to 
different  units.  As  three  men  and  4 trees. 

Numbers,  are  fuch  as  are  referred  to  the 
fame  unit.  As  3 men  and  4 men. 

Imperfect  Numbers,  are  thofe  whofe  aliquot  parts 
added  together,  make  either  more  or  lefs  than  the 
wdiole  of  the  number  itfelf ; and  are  diftingulfhed  into 
Abundant  and  Defedlive. 

Indeterminate  Number,  is  that  which  is  referred  to 
unity  in  the  general  ; which  is  what  we  call  Quantity. 

Irrational  or  Surd  Number,  is  one  that  is  not  com- 
menfurable  wdth  unity  ; as  ^/  2,  or  ^/4,  &c 

Perfed  Number,  that  which  is  juft  equal  to  the  fura 
of  its  aliquot  parts,  added  together.  As,  6,  28,  &c  : 
for  the  aliquot  parts  of  6 are  i,  2,  3,  whofe  fuin  is 
the  fame  6 ; and  the  aliquot  parts  of  28,  are 
I,  2,  4,  7,  14,  whofe  film  is  28.  See  Perfect  Number, 

Plane  Number,  that  which  arifes  from  the  multi- 
plication of  two  other  Numbers : fo  6 is  a plane  or 
redlangle,  whofe  two  fides  are  2 and  3,  for  2'  X 3 = 6. 

Number,  is  a Number  produced  by  multiply- 
ing any  given  Number  by  itfelf;  as  the 
Square  Numbers  - - ij  4»  9?  16,  25,  Sic^ 

produced  from  the  roots  - i,  2,  3,  4,  5,  &c. 

Every  Square  Number  added  to  its  root  makes  an 
even  Number.  See  Square. 

Uneven  N u m b e r , or  Odd  Number,  tliat  which  differs 
from  an  even  Number  by  one,  or  which  cannot  be  divid-^ 
ed  into  two  equal  integer  parts ; inch  as  I,  3,  5,  7,  See. 
The  fums  and  differences  of  Uneven  Numbers  arc  even  ; 
but  all  the  produdls  and  powers  of  them  are  Uneven 
Numbers.  On  tlie  other  hand,  the  lum  or  difference  of 
an  even  and  Uneven  Number  are  both  Uneven,  but  their 
produdl  is  even. 

IVhola  Number,  or  Integer^  is  unit,  or  a colledllon 
of  units. 

Golden  Number.  See  Golden  Number  and 
Cycle. 

Number  of  Direction,  in  Chronology,  fom.e  one  of 
the  35  Numbers  betw^een  the  Eafter  limits,  or  between 
the  earlieft  and  lateft  day  on  which  it  can  fail,  i.  e.  be- 
tween March  22  and  April  23,  which  arc  35  days; 
beingr  fo  called,  becaufe  it  ferves  as  a Direction  for 
finding  Eafter  for  any  year  ; being  indeed  the  Number 
that  expreffes  how  many  days  after  March  21,  Eafter- 
day  falls.  Thus,  Eafter- day  falling  as  in  the  firfi  line 
below,  the  Number  of  Direction  wall  be  as  on  the  lower 
line  : 

March  April 

Eafter-day,  22,23,24,  25,26,27,  28,29,30,31,  i,2,&c. 
N®  of  Dir.  1,  2,  3,  4,  5,  6,  7,  8,  9,  10, 1 1,12, &c 
and  fo  on,  till  the  Number  of  Diredlion  on  the  lower- 
line  be  35,  which  will  anfwer  to  April  25,  being  the 
lateft  that  Eafter  can  happen.  Therefore  add  21  to 
the  Number  of  Diredtion,  and  the  fum  will  be  fo  many 
days  in  March  for  the  Eafter-day  : if  the  fum  exceed 
31,  the  cxcefs  will  be  the  day  of  April. 

Tojind  the  Number  of  Diredion.  Enter  the  follow- 
ing table  (which  is  adapted  to  the  New  Style),  with 
the  Dominical  Letter  on  the  left  hand,  and  the  Golden 
Number  at  the  top,  then  where  the  columns  meet  is 

the 
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the  Numbef  of  Dire6lion  for  that  year.  See  Fergu- 
fon’s  Allron.  pa.  381,  ed.  8vo. 


G.  N- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

.c 

1 1 

12 

'3 

'4 

^5 

16 

n 

18 

19 

Dom. 

Let. 

A 

29 

19 

5 

26 

1 2 

33 

19 

12 

26 

i9 

5 

2( 

r2 

k 

26 

12 

33 

19 

1 2 

B 

27 

13 

6 

27 

n 

34 

2C 

13 

27 

20 

6 

27 

'3 

6 

20 

T3 

34 

20 

6 

C 

D 

S 

■4 

7 

2 T 

'4 

35 

21 

7 

28 

2 1 

7 

2^ 

14 

7 

2 1 

14 

28 

2 1 

7 

'9 

15 

8 

22 

Is 

29 

22 

8 

29 

r 3 

8 

2( 

13 

] 

22 

' 3 

22 

8 

E 

30 

16 

2 

^3 

[ 6 

30| 

23 

9 

3^ 

16 

9 

ZZ 

16 

2 

23 

9 

30 

23 

9 

F 

24 

T7 

3 

24! 

10 

24 

10 

31 

‘7 

10 

t? 

A 

24 

10 

31 

*7 

IC 

G 

25 

18 

'4! 

^5! 

f I 

3^1 

r i| 

31 

1 8, 

4I 

2 ' 

'8 

4 

25,1 1 

32 

18 

n 

Thus,  for  the  year  1790,  the  Dominical  Letter  being 
C,  and  the  Golden  Number  5 ; on  the  line  of  C,  and 
below  5,  is  14  for  the  Number  of  Direction.  To 
this  add  21,  the  fum  is  35  day*  from  the  ift  of  March, 
which,  dedudfing  the  31  days  of  March,  leaves  4 foi* 
the  day  of  April,  for  Eafter-day  that  year. 

Numeral  Chara^ers,  Sec  Characters. 

Numeral  Figures.  The  antiquity  of  thefe  in  Eng- 
land has,  for  feveral  reafons,  been  fuppofed  as  high  as 
the  eleventh  century  ; in  France  about  the  middle  of 
the  tenth  century  ; having  been  introduced  into  both 
countries  from  Spain,  where  they  had  been  brought  by 
the  Moors  or  Saracens.  See  Wallis’s  Algebra,  pa.  9 
&c,  and  pa.  15  3 of  additions  at  the  end  of  the  fame. 
See  alfo  Phllof.  Tranf,  numb.  439  and  475. 

Numeral  Leifers^ihoic  letters  of  the  alphabet  that 
are  commonly  ufed  for  figures  or  numbers,  as  I,  V,  X, 
L,  C,  D,  M. 

NUMERATION,  in  Arithmetic,  the  art  of  eflima- 
ting  or  pronouncing  any  number,  or  feries  of  numbers. 

Numbers  are  ufually  exprefled  by  the  ten  following 
charai^ers,  i»  2,  3,  4,  5,  6,  7,  8,  q,  and  o ; the  firft  nine 
denoting  refpedlively  the  firft  nine  ordinal  numbers  ; 
and  the  laft,  or  cipher  o,  joined  to  any  of  the  others, 
denotes  fo  many  tens.  In  like  manner,  two  ciphers 
joined  to  any  one  of  the  firft  nine  fignificant  figures, 
make  it  become  fo  many  hundreds,  three  ciphers  make 
it  thoufands,  and  fo  on, 

Weigelius  indeed  flicws  how  to  number,  without 
going  beyond  a quaternary  ; i.  e.  by  beginning  to  re- 
peat at  each  fourth.  And  Leibnitz  and  De  Lagny,  In 
what  they  call  their  binary  arithmetic,  begin  to  repeat 


at  every  2d  place  ; ullng  only  the  two  figures  i and  o. 
But  thefe  are  rather  matters  of  curlofity  than  any  real 
ufe. 

That  the  nine  fignificant  figures  may  exprefs  not 
only  units,  but  alfo  tens,  hundreds,  thoufands,  &c,  they 
have  a local  value  given  them,  as  hinted  above  ; fo 
that,  though  when  alone,  or  In  the  right-hand  place, 
they  denote  only  units  or  ones,  yet  In  the  2d  place  they 
denote  tens,  in  the  3d  place  hundreds,  In  the  4th  place 
thoufands,  &c  ; as  the  number  5555  is  five  thoufand 
five  hundred  fifty  and  five. 

Hence  then,  to  exprefs  any  written  number,  or  aflign 
the  proper  value  to  each  charadi: er ; beginning  at  the 
right  hand,  divide  the  propofed  number  into  clafies,  of 
three  charadlcrs  to  each  clafs  ; and  confider  two  clafTes 
as  making  up  a period  of  fix  figures  or  places.  Then 
every  period,  of  fix  figures,  has  a name  common  to  all  the 
figures  In  it  ; the  firft  being  primes  or  units  ; the  2d  is 
millions;  the  3d  is  millions  of-millions,  or  billions;  the 
4th  is  milllons-of-millions-of-millions  or  trillions  ; and  fo 
on  ; alfo  every  clafs,  or  half-period,  of  three  figures,  is- 
read  feparatelybyitfelf,fomany hundreds,  tens, and  units; 
only,  after  the  left-hand  half  of  each  period,  the  wj-ord 
thoufands  is  added  ; and  at  the  end  of  the  2d,  3d,  /}th  &:c 
period.  Its  common  name  millions,  billions,  &c,  Is  ex- 
piefted. 

Thus  the  number  4,591,  is  4 thoufand  5 hundred 
and  91, 

The  number  210,463,  is  2 hundred  and  lo  thou- 
fands, and  463. 

The  number  281,427,307,  is  28 1 millions,  427 
thoufands,  and  307, 

NUMERATOR,  of  a Fradlion,  is  the  number 
which  ftiew^s  how  many  of  thofc  parts,  which  the  inte- 
ger is  fuppofed  to  be  divided  into,  are  denoted  by  the 
fra6lion.  And,  in  the  notation  the  Numerator  is  fet 
over  the  denominator,  or  number  that  fhews  into  how 
many  parts  the  integer  is  divided,  In  the  fradion.  So, 
cx,  gr.  I denotes  three-fourths,  or  3 parts  out  of  4 ; 
where  3 is  the  numerator,  and  4 the  denominator. 

NUMERICAL,  Numerous,  or  Numeral y fomc- 
thing  that  relates  to  number. 

Numeral  Algebra,  is  that  which  makes  life  of 
numbers,  in  contradiftinftion  from  literal  algebra,  or 
that  in  which  the  letters  of  the  alphabet  are  uf<d. 


o- 


O B E 

OBELISK,  a kind  of  quadrangular  pyramid,  very 
tall  and  flendcr,  raifed  as  an  ornament  in  fome 
public  place,  or  to  ferve  as  a memorial  of  fome  remark- 
able tranfa(ftion. 


OBJ 

OBJECT,  fomething  prefented  to  the  mind,  by 
fenfation,  or  by  imagination.  Or  fomething  that  a&ds 
us  by  its  prefence,  that  affeds  the  eye,  ear,  or  fome 
other  of  the  organs  of  fenfe. 

The 


/ 
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The  obje^ls  of  the  eye,  or  vifion,  are  painted  on  the 
retina ; though  not  there  ered,  but  inverted,  accord- 
ing to  the  laws  of  optics.  This  is  eafily  fhevvn  from 
Des  Cartes’s  experiment,  of  laying  hare  the  vitreous  hu- 
mour on  the  back  part  of  the  eye,  and  puttino-  over  it 
a bit  of  white  paper,  or  the  flein  of  an  egg,  and  then 
placing  the  fore  part  of  the  eye  to  the  hole  of  a darkened 
room.  By  this  means  there  is  obtained  a pretty  land- 
fcape  of  the  external  objedls,  painted  invertedly  on  the 
back  of  the  eye.  In  this  cafe,  how  the  Objeas  thus 
painted  invertedly  fhould  be  feen  ered,  is  matter  of 
controverfy. 

Object  is  alfo  ufed  for  tlic  fubjea,  or  matter  of  an 
art  or  fcience,  being  that  about  which  it  is  employed 
or  concerned. 

Object-G/^,  of  a telefcope  or  microfcope,  is  the 
glafs  placed  at  the  end  of  the  tube  which  is  next  or  to- 
w^ards  the  Objed  to  be  viewed. 

To  prove  the  goodnefs  and  regularity  of  an  Objea* 
glafs  ; on  a paper  deferibe  two  conceiUric  circles,  tlie 
one  having  its  diameter  the  fame  with  the  breadth  of 
the  Objea-glafs,_  and  the  other  half  that  diameter;  di- 
vide the  fmaller  circumference  into  6 equal  parts,  prick- 
ing the  points  of  divihon  through  with  a fine  needle  ; 
cover  one  fide  of  the  glafs  with  this  paper,  and,  expofmg 
it  to  the  fun,  receive  the  rays  through  thefe  6 holes 
upon  a plane  ; then  by  moving  the  plane  nearer  to  or 
fanher  from  the  glafs,  it  will  be  found  whether  the  fix 
rays  unite  exactly  together  at  any  diftance  from  the 
glafs  ; if  they  do,  it  is  a proof  of  the  legularity  and  lull 
form  of  the  glafs ; and  the  faid  didance  is  alfo  the  focal 
didance  of  the  glafs. 

A good  way  of  proving  the  excellency  of  an  Objea- 
glafs,  is  by  placing  it  in  a tube,  and  trying  it  with 
fmall  eye-glaffes,  at  feveral  diftant  objects ; for  that  Ob- 
jed-glafs  is  always  the  belt,  which  reprefents  objecds 
the  bnghteft  and  mod  didind,  and  which  bears  the 
greated  aperture,  and  the  mod  convex  and  concave  eye- 
glades,  without  colouring  or  hazinefs. 

A ciiciilar  Objedt-glafs  is  faid  to  be  truly  centred, 
when  the  centre  of  its  circumference  falls  cxaCdly  in  the 

axis  of  the  glafs  ; and  to  be  ill  centred,  when  it  falls 
out  of  the  axis. 

To  prove  wliether  Objedt -glades  be  well  centred, 
hold  the  glafs  at  a due  diltance  from  the  eye,  and  ob- 
ferve  the  two  refieCded  images  of  a candle,  varying  the 
oidance  till  the  two  images  unite,  which  is  the  true 
centre  point  : then  if  this  fall  in  the  middle,  or  central 
point  of  the  glafs,  it  is  known  to  be  truly  centred. 

As  Objedf-glaffes  arc  commonly  included  ill  cells  that 

ferew  upon  the  end  of  the  tube  of  a telefcope,  it  may  be 
proved  whether  they  be  well  centred,  by  fixing  the 
tube,  and  obferving  \yhile  the  cell  is  iiiifcrewed,  whether 
the  crofs-liairs  keep  fixed  upon  the  fame  lines  of  an  ob- 
ject feen  through  the  telefcope. 

For  various  methods  of  finding  the  true  centre  of  an 

Optics,  book  3,  chap.  3 j alfo 
the  Philof.  1 ranf,  vol.  q8,  pa.  177. 

OBJECTIVE  Lme,  in  Perfpedtive,  is  any  line  drawn 
cn  the  geometrical  plane,  whole  reprefentation  is  fought 
for  m a draught  ©r  pidture.  '' 

_ Obj  ECTIVE  in  Perfpeaive,  is  any  plane  fitiiated 

in  the  horizontal  plane,  wliofe  perfpeaive  reprefentation 
required. 

OBLATE,  flatted,  or  fliortcned  ; as  an  Oblate  fphe- 
VOL.  li.  ^ 
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roid,  having  its  axis  fliorter  than  its  middle  diameter  • 

being  formed  by  the  rotation  of  an  ellipfe  about  the 
Ihorter  axis. 

OBLAIENESS,  of  the  earth,  the  flatnefs  about 
the  poles,  or  the  diminution  of  the  polar  axis  in  refpea 

y ^ j 1 • . efe  two  axes  has 

been  determined  m various  ways  ; fometimes  by  the 

meafures  of  different  degrees  of  latitude,  and  fometimes 
by  tiie  lengtn  of  pendulums  vibrating  feconds  in  differ- 
ent latitudes,  &c  ; the  refiilts  of  all  which,  as  well  as 
accounts  of  die  means  of  determining  them,  fee  under 
the  articles  Earth  and  Degree.  To  what  is  there 
laid,  may  be  qded  the  following,  from  An  Account 
ot  the  Experiments  made  in  Kuffia  concerning  the 
ength  of  a Icndiilum  which  fuings  Seconds,  by  Mr. 
Krath  contained-  in  the  6th  and  yth  volumes  of  the 
New  I rterlburgh  Tranfaaioiis,  for  tlie  years  lyooard 
I 793-  i hefe  experiments  were  made  at  different  times, 
and  111  vanous  parts  of  the  Ruffian  empire  : Mr.  Ki  aflt 
has  coheacd  and  compared  them,  with  a view  to  invef- 
tigate  the  cciifequences  that  may  be  deduced  from  them, 
from  the  whole  he  concludes,  that  the  length  * of  s 
pendulum,  which  fu  ings  fccoiids  in  any  given  latitude  /, 
and  in  a temperature  of  to  degrees  of  Reaumur’s  ther. 
niometcr,  may  be  determined  by  the  following  equa- 
tioii,  in  hues  of  a Irench  foot;  viz, 

=439*178  + 2-321  fine-/. 

This  exprefiion  agrees,  very  nearly,  not  only  vfith  aH 
tlie  experiments  made  on  the  pendulum  in  Rufiia,  but 
alfo  with  thofe  of  Mr.  Graham,  and  thofe  of  Mr.  Lyons 

in  79°  50'  north  latitude,  where  he  found  its  length  to 
be  441-38  lines.  ^ 

It  alio  fhews  the  augmentation  of  gravity  from  the 
equator  to  the  parallel  of  a given  latitude  / .-  for, 
putting  ^5^  for  the  gravity  under  the  equator,  G for  that 
under  the  pole,  and  » for  that  under  the  latitude/- 
Ell.  KiafFt  finds  2;  zr:  ( I 0-0032848  iiiic^ /)  X 
and  confeqnently  G = roo52S4ST:  ’ 

Fi-om  thls^ proportion  of  Gravity‘"under  different  lati- 
tudes, Mr.  Krafft  deduces,  that  on  the  hypothefis  of  the 
earth’s  being  a homogeneous  elHpfoid,  its  oblateiiefs  mufl 
be  -f  ; inflead  ot  which  ought  to  be  the  refult 
of  this  hypothefis  : but  on  adopting  the  fiippolition  that 
the  earth  is  a heterogeneous  ellipfoid,  he  finds  its  Oblate- 
nefs,  as  deduced  from  thefe  experiments,  to  be  • 
which  agrees  with  that  refulting  from  the  meafurernent 
of  degrees  of  the  meridian. 

This  confirms  an  obfervation  of  M.  De  la  Place,  that, 
if  the  hypothefis  of  the  earth’s  homogeneity  be  given 
up,  then  do  theory,  the  meafurernent  of  degrees  of  la- 
titude, and  experiments  with  tlie  pendulum,  all  agree 
in  tlieir  relult  with  refpea  to  the  Oblatenefs  of  the 
earth. 

OBLIQUE,  aflant,  indirca,  or  deviating  from  the 
perpendicular.  As, 

^ Obliqite  x/a'^/i?,  one  that  is  not  a right  angle,  but  is 
either  greater  or  lefs  than  this,  being  either  obtufe  or 
acute. 

Oblique- ^;7^/6y/  7 t tangle,  that  whofe  anMes  are  all 
oblique.  " 

Oblique  Afeenfton,  is  that  point  of  the  equinoaia! 
which  rifes  with  the  centre  of  die  fun,  or  fta\  „ 
other  point  of  the  heavens,  in  an  Oblique  fphcrc. 
Oblique  Clnk^  in  die  fiereographic  proj’eaion, 

c*  • 
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tion • 1 * jn.'  I 

OBLiQtTE  Defcenfion,  that  point  of  the  equino^aal 

ivhich  fets  with  the  centre  of  the  fun,  or  (tar,  or  otnei 
point  of  the  heavens  in  an  Ohliqne^iphere. 

Oblique  DireP.icriy  that  which  is  not  perpenuicuiar 

to  a line  or  plane.  0,1^ 

Oblioue  Force,  or  Percuffion,  or  Po<wer,  or  .^tro.e, 

is  that  made  in  a direaion  Oblique  to  a body  or  plane. 

Tt  is  demonttrated  that  the  effed  of  luen  Ooliqiie  force 
ic,  upon  the  body,  is  to  an  equal  perpendicular  one, 
as  the  fine  of  the  angle  of  incidence  is  to  radius. 

Oblique  Line,  that  which  makes  an  Gbuque  angle 

with  fome  other  line.  t r 

Oblique  Planes,  in  Dialling,  are  fuch  as  recune  fi'om 

the  zenith,  or  incline  towards  the  horizon. 

O-blioue  Pfojeaion,  is  that  where  a body  is  projec- 
ted or  impelled  in  a line  of  diredion  that  makes  an 

♦ibliqne  angle  with  the  horizontal  line. 

Oblique  Sailing,  in  Navigation,  is^  that 
includes  the  application  and  calculation  ot  Oblique- 

angled  triangles.  . 

OeliclUE  Sphere,  in  Geography,  .s  that  in  which  the 
axis  is  Oblique  to  the  horizon  of  a place.— in  this 
fphere,  the  equatoi  and  parallels  of  declination  cut  the 
horizon  obliquely.  And  it  is  this  obliquity  that  occa- 
lions  the  inequality  of  days  and  nights,  and  the  vaiia- 

tion  of  the  feafons.  See  Sphere. 

OBLIQUITY,  that  which  denotes  a thing  Obiique. 
Obliquity  of  the  Ecliptic,  is  the  angle  which  the 
gcliptlc  makes  with  the  equator.  See  Ecliptic. 

OBLONG,  fometimes  means  any  figure  that  is 
ioncrer  than  it  is  broad  ; but  more  properly  it  denotes  a 
rettangle,  or  a right-angled  parallelogram,  whofe  length 

exceeds  its  breadth.  .r  • r 

Oblong,  is  alfo  11  fed  for  the  quality  or  ,fp^cies  ot 

a figure  that  is  longer  than  it  is  broad  : as  an  Oblong 
fnherold  ; formed  by  an  ellipfe^  revolved  about  its  longer 
or  tranfverfe  axis ; in  contradiibndlion  from  the  obiate 
Coheroid,  or  that  which  is  flatted  at  its  poles,  being  gCr- 
iKrated  by  tbe  revolution  of  the  elilpfe  about  us  con- 

iugate  or  fliorter  axis.  - 
• OBSCURA  Camera.  See  Camera  Objeura. 

Obscura  Clara.  See  Clara  Ohfeure.  ^ 
OBSERVATION,  in  Aitronomy  and  Navigation, 
is  the  obferving  with  an  inilriiment  fome  celeftial  phe- 
nomenon : as,  the  altitude  of  the  lun,  moon,  or  hats, 
or  their  diftances  afunder,  &c.  But^  by  this  term  the 
teamen  commonly  mean  only  the  taning  the  meridian 
altitudes,  in  order  to  find  the  latitude.  And  the  finding 
tlie  latitude  from  fuch  obferved  altitude,  they  call  wort- 

an  obfervahon,  , n*  3 r lt  • 

OBSERVATORY,  a place_  deftmed  for  obferving 
the  heavenly  bodies  ; or  a building,  qfually  in  form^  of  a 
tower,  eredbed  on  fome  eminence,  and  covered  with  a 
terrace,  for  making  aftronomical  obfervations.  ^ 

Moft  nations,  at  almoft  all  Umes,  have  had  their 
obfervatories,  either  public  or  private  ones,  and  m va- 
rious degrees  of  perfedion.  A defcription  of  a gieat 
many  of  them  may  beleen  in  a diflertation  of  Weidler  s, 
De  praifenti  Speculanim  Aflronumicarum  Statu,  printed 
17  27,  and  in  different  articles  of  his  Hiftory  of  Al- 

troiiLy,  printed  in  1741,  viz,  pa.  86  3tc  ; 

Lande’s  Aftronomy,  the  preface  pa.  34,  cuiet 

femoug  thefe  are  the  Mowing  ; 


I.  The  Greenwich  Obfervatory,  or  Royal  Ohferva- 
tory  of  England.  This  was  built  and  endowed  in  the 
year  1676,  by  order  of  King  Cbailesthe  2d,  at  the  in- 
fiance  of  Sir  Jonas  Moore,  and  Sir  Chrifiopher  Wren  : 
tbe  former  of  thefe  gentlemen  being  Suiveyoi  Oeneial 
of  the  Ordnance,  tlie  office  of  Aftronomer  Royal  was 
placed  under  that  department,  in  which  it  has  continued 
ever  fince. 

This  obfervatory  was  at  firfi  furniihed  with  ieveral 
very  accurate  infiruments  ; particularly  a noble  fex.tant 
of  7 feet  radius,  with  tclefcopic  fights.  And  the  firfi 
Afironoraer  Royal,  or  the  perfon  to  whom  the  province 
of  obferving  was  firfi  committed,  was  Mr.  John  Elain- 
fieed  ; a man  who,  as  Dr.  Halley  exprefies  it,  feemed 
born  for  the  employment.  During  14  years  he  watched 
the  motions  of  the  planets  with  unvvtaiied  ddigence, 
efpecially  thofe  of  the  moon,  as  was  given  him  In 
charge  j that  a new  theory  of  that  planet  being  found, 
fhewing  all  her  irregularities,  the  longitude  might  thence 

be  determined.  -i  , 1 • nr  * l 

In  the  year  1690,  having  provioed  nimielt  with  a 

mural  arch  of  near  7 feet  radius,  made  by  his  Affiftant 
Mr.  xAbraham  Sliarp,  and  fixed  in  the  plane  of  the  me- 
ridian, he  began  to  verify  his  catalogue  of  the  fixed 
ftars,  which  had  hitherto  depended  altogether  on  the 
diftances  meafured  with  the  fextaiit,  after  a new  and  very 
different  manner,  viz,  by  taking  the  meridian  altitudes, 
and  the  moments  of  culmination,  or  In  other  words  the 
right  afeenfion  and  declination.  And  he  was  fo  well 
pleafed  with  this  infirument,  that  he  difeontinued  almoft 

entirely  the  ufe  of  the  fextant. 

Thus,  in  the  fpace  of  upw'ards  of  40  years,  the  Af- 
tronomer Royal  colkaed  an  Immenfe  number  of  good 
obfervations ; which  may  be  found  In  his  Hiftoii^f 
Ccelefiis  Britannlca,  piiblifhed  in  1725;  the  principal 
part  of  which  is  the  Britannic  catalogue  of  the  fixed 

' Mr.  Elamfieed,  on  his  death  in  1719,  was  fucceeded' 
by  Dr.  Halley,  and  he  by  Dr.Bradley  in  1742,  and  this 
laft  by  Mr.  Bli.fs  in  1762  ; but  none  of  the  obferva- 
tlons  of  thefe  genilemen  have  yet  been  given  to  the  pub- 
lic. 

bn  the  demife  of  Mr.  Blifs,  in  7765-,  he  was  fuc- 
ceeded by  Dr.  Nevil  Mafletlyne,  the  prefent  worthy 
aftronomer  royal,  whofe  valuable  obfervations  have 
been  piibliffied,  from  time  to  time,  under  the  diredlion 
of  the  Royal  Society,  in  feveral  folio  volumes. 

The  Greenwich  Obfervatory  is  found,  by  very  accu- 
rate obfervations,  to  lie  in  51°  28  40  north  latitude, 

as  fettled  by  Dr.  Maffielyne,  from  many  of  his  own 
obfervations,  as  wallas  thofe  of  Dr.  Bradley. 

II.  The  lYris  Obfervatory  was  built  by  Louis  the' 
I4thj  in  the  fauxbourg  St.  Jaques,  being  begun  in 
1664,  and  finifhed  in  1672.  It  is  a fingular  but  mag- 
nificent building,  of  80  feet  in  height,  wdth  a terrace 
at  top  ; and  here  M.  De  la  Hire,  M.  Caffim,  &c,  the 

I ...  1 *f  x1.  ^ L 4-  C /-X  r-k  Tfc 


king’s  aftronomeis,  have  made  their  obfervations.^  Its 
latitude  is  48°  50'  14""  north,  and  its  longitude 
o'  20"  eaft  of  Greenwich  Obfervatory. 

In  the  Obfervatory  of  Paris  is  a cave,  or  pit,  17^ 
feet  deep,  wdth  fiibterraneous  pafiages,  for  experiments 
that  are  to  be  made  out  of  the^  reach  of  the  lun,  efpe- 
cially fuch  as  relate  to  congelations,  refrigerations,  &c.- 
In  this  cave  there  is  an  old  thermometer  of  M.  De  ia 
Hire,  which  Hands  always  at  the  fame  height  j thereby 

^ fhpwino’ 
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fiiewing  tliat  tKe  temperature  of  the  place  remains  al- 
ways the  fame.  P’rom  the  top  of  the  platform  to  the 
bottom  of  the  cave  is  a perpendicular  well  or  pit,  ufed 
formerly  for  experiments  on  the  fall  of  bodies ; being 
alfo  a kind  of  long  telefcopical  tube,  through  which 
the  ftars  are  feen  at  mid-day. 

III.  Tycho  Brahe’s  Obfervatory  was  in  the  little 
iilaiid  Ween,  or  the  Scarlet  Ifiand,  between  the  coafts 
of  Schonen  and  Zealand,  in  the  Baltic  fea.  This  Ob- 
fervatory was  not  well  fituated  for  feme  kinds  of  obfer- 
vations,  particularly  the  rifings  and  fettiugs  ; as  it  lay 
too  low,  and  was  landlocked  on  all  the  points  of  the 
compafs  except  three  ; and  the  land  horizon  being  very 
rugged  and  uneven. 

iV.  Pekin  Obfervatory.  Father  Le  Compte  de- 
feribesa  very  magnificent  Obfervatory,  erefted  and  fnr- 
nilhed  by  the  late  emperor  of  China,  in  his  capital,  at  the 
interceilion  of  iome  Jefuit  mifiionaries,  chiellv  father 
Yerbieft,  whom  he  appointed  his  chief  obferver.  The 
inilruments  here  are  exceeding  large  ; but  the  divifions 
are  lefs  accurate,  and  in  fome  refpec'ts  the  contrivance 
os  lefs  commodious  than  in  thofc  of  the  Piuropeans. 
The  chief  are,  an  armiliary  zodiacal  fphere,  of  6 Paris 
feet  diameter,  an  azimuthal  horizon  6 feet  diameter,  a 
large  quadrant  6 feet  radius,  a fextant  8 feet  radius,  and 
a celellial  globe  6 feet  diameter. 

V.  Bramins’  Obfervatory  at  Benares,  in  tlie  Eafl: 
Indies,  which  is  Hill  one  of  the  principal  feminailes  of 
the  Bramins  or  priefts  of  the  original  Gentoos  of  Piin- 
doftan.  This  Obfervatory  at  Benares  it  is  faid  was 
built  about  200  years  fince,  by  order  of  the  emperor 
Ackbar  : for  as  this  wife  prince  endeavoured  to  im- 
prove the  arts,  fo  he  wifhed  aifo  to  recover  the  faiences 
of  HindoHan,  and  therefore  ordered  that  three  fuch 
places  fliould  be  ereded  ; one  at  Delhi,  another  at 
Agra,  and  the  third  at  Benares. 

Wanting  the  ufe  of  optical  glalTes,  to  magnify  veiy 
diftpnt  or  very  fmall  objects,  thefe  people  directed  their 
attention  to  the  increafing  the  fize  of  their  inilruments, 
for  obtaining  the  greater  accuracy  and  number  of  the 
divifions  and  fubdivifions  in  their  inilruments.  Accord- 
ingly, the  Obfervatory  contains  feveral  huge  inftruments, 
of  Hone,  very  nicely  erected  and  divided,  confilling  of 
circles,  columns,  gnomions,  dials,  quadrants,  &c,  fome 
of  themi  of  20  feet  radius,  the  circle  divided  lirll  into 
360  equal  parts,  and  fometimes  each  of  thefe  into  20 
ether  equal  parts,  each  anfwering  to  3',  and  of  about 
two-tenths  of  an  inch  in  extent.  And  although  thefe 
wonderful  inilruments  have  been  built  upwards  of  200 
years,  the  graduations  and  divifions  on  the  feveral  arcs 
appear  as  well  cut,  and  as  accurately  divided,  as  if  they 
had  been  the  performance  of  a modern  artill.  The  ex- 
ecution, in  the  conllruftion  of  thefe  inftriiments,  exhi- 
bits an  extraordinary  mathematical  exadtnefs  in  the 
fixing,  bearing,  fitting  of  the  feveral  parts,  in  the  ne- 
•ceffary  and  fufficient  fupports  to  the  very  large  Hones 
that  compofe  them,  and  in  the  joining  and  faHening 
them  into  each  other  by  means  of  lead  and  iron. 

See  a farther  defcrjption,  and  drawing,  of  this  Ob- 
fervatory, by  Sir  Robert  Barker,  in  the  Fhilof.  Tranf. 
Tol.  67,  pa.  598. 

Observatory  Portahk,  See  Equatorial, 

OBTUSE  An^k.  one  that  is  greater  than  a right- 

angle. 


Triangle,  is  a triangle  that  has  one  0^ 
its  angles  Obtiife  : and  it  can  have  only  one  fuch. 

Obtuse  Cone,  or  Oetvse- Angled  Cone,  one  whofc 
angle  at  the  vertex,  by  a fection  through  the  axis,  is 
Obtufe. 

Oetxjse  Hyperbola,  one  whole  afymptotes  form  aii 
Obtufe  angle. 

O'E.TVs'E-angular  Se&lon  of  a Cone,  a name  given  to 
the  hyperbola  by  the  ancient  geometricians,  becauie 
they  eoniidered  this  fedtion  only  in  the  Obtufe  cone. 

OCCIDENT,  or  Occidental,  well,  or  weltward, 
in  AHronomy  ; a planet  is  faid  to  be  Occident,  when  it 
fets  after  the  fun, 

Occident,  in  Geography,  the  vveHward  quarter  of 
the  horizon,  or  that  part  of  the  horizon  where  the 
ecliptic,  or  the  inn’s  place  in  it,  dtfeends  into  the  lower 
liemifphere. 

Occident  Equlnodial,  that  point  of  the  horizon 
where  the  fun  fets,  when  he  crolfcs  the  equino6tial,  or 
enters  the  lign  Aries  or  Libra. 

Occident  FfHal,  that  point  of  the  horizon  where 
the  fun  fets  at  his  entrance  into  the  figii  Cancer,  or 
in  our  fummer  when  the  days  are  longelt. 

Occident  Hyhcrnal,  that  point  of  the  horizon  where 
the  fun  fets  at  midwinter,  when  entering  the  fign 
Capricorn. 

Occidental  Horizon.  See  Horizon. 

OCCULT,  in  Geometry,  is  ufed  for  a line  that  is 
fcarce  pei  ceivable,  drawn  with  the  point  of  the  com- 
palTes,  or  a black-lead  pencil.  Occult  or  dry  lines,  arc 
ufed  in  feveral  operations  ; as  the  railing  of  plans,  dc- 
figns  of  building,  pieces  of  perfpedlive,  &c.  They 
are  to  be  effaced  or  rubbed  out  when  the  work  is  ii- 
11  i Hied. 


OCCULT ATION,  the  obfeuration,  or  hiding  from 
our  fight,  any  Har  or  planet,  by  the  interpofition  of  the 
body  of  the  moon,  or  of  fome  other  planet. — The  Oc- 
cultation  of  a Har  by  the  moon,  if  obferved  in  a place 
Vvdiofe  latitude  and  longitude  are  well  determined,  may 
be  applied  to  the  correction  of  the  lunar  tables  ; but  if 
obferved  in  a place  whofe  latitude  only  is  well  known, 
may  be  applied  to  the  determining  the  longitude  of  the 
place. 

Circle  of  Perpetual  Occultation.  See  Circle. 


OCEAN,  the  vaH  collefti  on  of  fait  and  navigable 
wat^r,  which  encompaffes  moH  parts  of  the  earth. 

By  computation  it  appears  that  the  Ocean  takes  up 
confidcrably  more  of  what  we  know  of  the  terreHriai 
globe,  than  the  dry  land  docs.  This  is  perhaps  eaficH 
known, . by  taking  a good  map  of  the  world,  and  with  s 
pair  of  feiffars  clipping  out  all  the  water  from  thelaiicR 
and  weighing  the  two  parts  feparately  : By  which 
means  it  has  been  found,  that  the  water  occupies  about 
two-thirds  of  the  whole  furface  of  the  globe. 

The  great  and  univerfal  Ocean  is  fometimes,  by, geo- 
graphers, divided  into  three  parts.  As,  iH,  the  Atlan- 
tic and  European  Ocean,  lying  between  part  of  Europe^ 
Africa,  and  America  ; id,  the  Indian  Ocean,  lying  be- 
tween Africa,  the  EaH-fndian  Ifiands,  and  New  Hol- 


land ; 3d,  the  Pacific  Ocean,  or  great  fo  nth  fea,  which 
lies  between  the  Philippine  iliarids,  China,  Japan,  and 
New  Holland  on  the  welt,  and  the  coaH  of  America  on 
thc  eaH.  H he  Ocean  alfo  takes  divers  other  names,  ac- 
^ cordlna: 
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xordiQg  to  the  different  countries  it  borders  upon  : as 
the  Britifh  Ocean,  German  Ocean,  &c.  Alfo  ac- 
cording to  the  pofition  on  the  globe  ; as  the  northern, 
fouthern,  eaftern,  and  weftern  Oceans. 

The  Ocean,  penetrating  the  land  at  feveral  ftreights, 
quits  its  name  of  Ocean,  and  affumes  that  of  fea  or 
gulph ; as  the  Mediterranean  fea,  the  Perfian  gulph,  See, 
In  very  narrow  places,  It  is  called  a llreight.  See. 

OCTAEDRON,  or  Octahedron,  one  of  the  five 
regular  bodies  ; contained  under  8 equal  and  equilateral 
triangles. — It  may  be  conceived  as  confifiing  of  two 
quadrilateral  pyramids  joined  together  at  their  bafes. 


Tc  form  an  Odaedron,  Join  together  8 equal  and 
equilateral  triangles,  as  in  fig.  i ; then  cut  the  lines 
half  through,  and  fold  the  figure  up  by  thefe  cut 
lines,  till  the  extreme  edges  meet,  and  form  the  Odlae- 
dron,  as  in  figure  2. 

In  an  Odtaedron,  if 

A be  the  linear  edge  or  fide, 

B its  whole  furface, 

C its  folidity,  or  fob'd  content, 

R the  radius  of  the  circumferibed  Iphere,  and 
r the  radius  of  the  inferibed  fphere ; Then 

A = = r^/2  ==  . 
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See  my  Menfuration,  pa.  25 1 &:c,  2d  edition. 
OCTAGON,  is  a figure  of  8 fides  and  angles  ; 
Srvhich,  when  thefe  are  all  equal,  is  alfo  called  a regular 
one,  or  may  be  inferibed  In  a circle. 

If  the  fide  of  a regular  06Iagon  be  j-  ; then 

Its  area  = 2x^  x i -p  = 4*828427Ij*;  and 

the  Radius  of  its  circumfo.  circle  ; 


Octagon,  in  Fortification,  denotes  a place  that 
has  8 fides,  or  8 baftions. 

OCTANT,  the  8th  part  of  a circle. 

Octant,  or  Octile,  means  alfo  an  afpe<R,  orpo- 
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fition  of  two  planets,  when  their  places  are  dlffant  hr 
the  8th  part  of  a circle,  or  45  degrees. 

OCTAVE,  or  8th,  in  Mufic,  is  an  interval  of  8 
founds  ; every  8th  note  in  the  fcale  of  the  gamut  being 
the  fame,  as  far  as  the  compafs  of  mufic  requires. 

Tones,  or  founds,  that  are  Odlaves  to  each  other,  or  at 
an  Oclave’s  diftance,  are  alike,  or  the  fame  nearly  as  the 
unifon.  In  this  cafe,  the  more  acute  of  the  two  makes 
exa6Ily  two  vibrations  while  the  deeper  or  graver  makes 
but  one  ; whence,  they  coincide  at  every  two  vibrations 
of  the  acuter,  which,  being  more  frequent,  makes  this 
concord  m.ore  perfe6I  than  any  other,  and  as  it  were  an 
unifon.  Hence  alio,  it  happens,  that  two  chords  or 
firings,  of  the  fame  matter,  thicknefs,  and  tenfion, 
but  the  one  double  the  length  of  the  other,  produce  the 
Oftave.  ’’ 

The  06Iave  coKtainingin  it  all  the  other  fimple  con- 
cords, and  the  degrees  being  the  differences  of  thefe 
concords  ; it  is  evident,  that  the  divifion  of  the  Oc- 
tave comprehends  the  divifion  of  all  the  reft. 

By  joining  therefore  all  the  fimple  concords  to 
a common  fundamental,  we  have  the  following  feries  : 
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Fund.3d/,  3dCT,  qtli  , 5th  , 6th/,  6th 8Ye. 

Mr.  Malcolm  obferves,  that  any  wind  inftrument  being 
over-blown,  the  found  will  rife  to  an  06fave,  and  no 
other  concord;  which  he  aferibes  to  the  perfedtion  of 
the  Odfave,  and  its  being  next  to  unifon. 

Des  Cartes,  from  an  obfervation  of  the  like  kind, 
viz,  that  the  found  of  a whiftle,  or  organ  pipe,  will  rife 
to  an  Oftave,  if  forcibly  blown,  concludes,  that  no 
found  Is  heard,  but  its  acute  06lave  leems  fome  way  to 
echo  or  refound  in  the  ear. 

OCTILE.  See  Octant. 

OCTOBER,  the  8th  month  of  the  year,  in  Ro- 
mulus’s calendar  ; but  the  tenth  in  that  of  Numa, 
Julius  Caefar,  &c,  after  the  addition  of  January  and 
February.  This  month  contains  3 i days  ; about  the 
32d  of  which,  the  fun  enters  the  fign  Scorpio 

OCTOGON.  See  Octagon. 

OCTOSTYLE,  in  Architefturc,  the  face  of  a 
building  adorned  with  8 columns. 

ODD,  in  Arithmetic,  is  faid  of  a number  that  is 
not  even.  The  feries  of  Odd  numbers  is  i,  3,  5,  7, 
&c. 

ODDLY-Odd.  a number  is  faid  to  be  Oddly-Odd, 
when  an  Odd  number  meafures  it  by  an  Odd  number. 
So  15  Is  a number  Oddly-odd,  becaiife  the  Odd  num- 
ber 3 meafures  It  by  tlie  Odd  number  5. 

OFFING,  or  Offin,  in  Navigation,  that  part  of 
the  fea  which  Is  at  a good  diftance  from  ftiore;  where 
there  Is  deep  water,  and  no  need  of  a pilot  to  condudl 
the  fhip  into  port. 

OFFSETS,  in  Surveying  are  the  perpendiculars  let 
fall,  and  meafured  from  the  ftatlon  lines,  to  the  corners 
or  bends  in  the  hedge,  fence,  or  boundary  of  any 
ground. 

Offset-S'/^  a flender  rod  or  ftaff,  of  10  links,  or 
other  convenient  length.  Its  ufe  is  for  meafuring  the 
Offsets,  and  other  fhort  lines  and  diftances. 

OFFWARD,  in  Navigation,  the  fame  with  from 
the  (bore,  &c* 
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OGEE,  or  OG,  an  ornamental  moulding  in  the 
ft)ape  of  an  S ; confiding  of  two  members,  the  one  con- 
cave and  the  ether  convex. 

OLDENBURG  (Henry),  who  wTOte  his  name 
fbmetimes  Grubendol,  reverfing  the  letters,  was  a 
learned  German  gentleman,  and  born  in  the  Duchy  of 
Bremen  in  the  Lower  Saxony,  about  the  year  1626, 
being  defeended  from  the  counts  of  Aldenburg  in 
Weftphalia  ; whence  his  name.  During  the  long  En- 
glilh  parliament  in  the  time  of  Charles  the  ill,  became 
to  England  as  confiil  for  his  countrymen  ; in  which  ca- 
pacity he  remained  at  London  in  Cromwell’s  admini- 
ilration.  But  being  difeharged  of  that  employment,  he 
was  engaged  as  tutor  to  thelord  Henry  Obryan,  an  Irilh 
nobleman,  whom  he  attended  to  the  univcrfity  of  Ox- 
ford; and  in  1636  he  entered  himfelf  a (Indent  in  that 
univerfity,  chiedy  to  have  the  benefit  of  confuking  the 
Bodleian  library.  He  was  afterwards  appointed  tutor 
to  lord  William  Cavendifh,  and  became  intimately  ac- 
quainted with  Milton  the  poet.  During  his  refidence 
at  Oxford,  he  became  alfo  acquainted  with  the  mem- 
bers of  that  foclety  there,  which  gave  birth  to  the 
Royal  Society  ; and  upon  the  foundation  of  this  latter, 
he  was  elected  a member  of  it  ; and  when  the  Society 
found  it  nccelfary  to  have  two  fecretarics,  he  was  cho- 
fen  affillant  to  Dr.  Wilkins.  He  applied  himfelf  with 
extraordinary  diligence  to  the  duties  of  this  office,  and 
began  the  publication  of  the  Phllofophical  Tranfaclions 
with  No.  I,  in  1664.  In  order  to  dlfcharge  this  taflc 
with  more  credit  to  himfelf  and  the  Society,  he  held  a 
correfpondence  with  more  than  feventy  learned  perfons, 
and  others,  upon  a great  variety  of  fubjedds,  in  different 
parts  of  the  world.  This  fatigue  would  have  been  in- 
fupportable,  had  he  not,  as  he  told  Dr.  Lliler,  managed 
it  fo  as  to  make  one  letter  anfwer  another  ; and  that,  to 
be  always  irefh,  he  never  read  a letter  before  he  was 
ready  immediately  to  anfwer  it  : fo  that  the  multitude 
of  his  letters  did  not  clog  him,  nor  ever  lie  upon  his 
hands.  Among  others,  he  w'as  a conflant  correfpon- 
dent  of  Mr.  Robert  Boyle,  and  he  tranflated  many  of 
that  ingenious  gentleman's  works  into  Latin. 

About  the  year  1674  he  was  drawn  into  a difpute 
with  Mr.  fiook,  who  comiplained,  that  the  fecretary 
had  not  done  him  jullice,  in  the  Hlllory  of  the  Tranf- 
adlions,  with  refpedl  to  the  invention  of  the  fpiral 
fpring  for  pocket  watches  ; the  contcfl  was  carried  on 
with  fome  warmith  on  both  fides,  but  was  at  length  ter- 
minated to  the  honour  of  Mr.  Oldenburg  ; for,  pur- 
fuant  to  an  open  reprefentation  of  the  affair  to  the 
Royal  Society,  the  council  thought  fit  to  declare,  in 
behalf  of  their  fecretary,  that  they  knew  nothing  of 
Mr.  Hook  having  printed  a book  intitled  Lampasy  ; 
but  that  the  publifher  of  the  Tranfaclions  had  conduCled 
himfelf  faithfully  and  honeflly  in  managing  the  intelli- 
gence of  the  Royal  Society,  and  given  no  jufl  caufe 
for  fuch  refleClions. 

Mr.  Oldenburg  continued  to  publifh  the  Tranfac- 
tions  as  before,  to  No.  136,  June  27,  1677  ; after  which 
the  publication  was  difeontinued  till  the  January  follow- 
ing ; when  they  were  again  refumed  by  his  fucceffor  in 
the  fecretary’s  office,  Mr,  Nehemiah  Grew,  who  carried 
them  on  till  the  end  of  February  1678.  Mr.  Oldenburg 
died  at  his  houfe  at  Charlton,  between  Greenwich  and 
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Woolwich,  in  Kent,  Augufl  1678,  and  was  interred 
there,  being  52  years  of  age. 

He  publifhed,  bcfides  what  hasbeen  already  mention- 
ed, 20  traCls,  chiefly  on  theological  and  political  fub- 
jecls  ; in  which  he  principally  aimed  at  reconciling  dif- 
ferences, and  promoting  peace. 

OLYMPIAD,  in  Chronology,  a revolution  or  pe- 
riod of  four  years,  by  wliich  the  Greeks  reckoned  their 
time  : fo  called  from  the  Olympic  games,  which  were. 
celebrated  every  fourth  y^ear,  during  3 days,  near  the 
fummer  folftice,  upon  the  banks  of  the  river  Alpheus, 
near  Olympia,  a town  of  Elis.  As  each  Olympiad 
confided  of  4 years,  thefe  were  called  the  ifl,  2d,  3d, 
and  4.th  year  of  each  Olympiad  ; the  firfl  year  com- 
m.encing  with  the  neareil  new  moon  to -the  fummer  fol- 
flice. 

The  firfl  Olympiad  began  the  3938  year  of  the  Ju- 
lian period,  the  3208  of  the  creation,  776  years  before 
the  birth  of  Chrifl,  and  24  years  before  the  foundation 
of  Rome.  And  the  computation  by  tlielc,  ended  with 
the  404th  Olympiad,  being  the  4401!!  year  of  the  pre- 
fent  vulgar  Chriltian  era. 

OMBROMETER,  a name  given  by  Mr.  Roger 
Pickering  (Philof.  Tranl.  No,  4’/ 3,  or  Abridg.  V,  436) 
to  what  is  more  commonly,  though  lefs  properly, 
called  a Pluviameter  or  Rain  gage.  See  Pluviame- 

TER. 

OMPHALOPfER,  or  Omphaloptic,  in  Optics, 
a glafs  that  is  convex  on  both  fides,  popularly  called  a 
Convex  Lens. 

OPACITY,  a quality  of  bodies  which  renders  them 
opake,  or  the  contrary  of  tranfparency. 

The  Cartefians  make  opacity  to  confiil  in  this  ; that 
the  pores  of  the  body  are  not  all  flraigiit,  or  di- 
rectly before  each  other  ; or  rather  not  pervious  every 
way. 

This  doClrine  however  is  deficient  : for  though,  to 
have  a body  tranfparent,  its  pores  mud  be  draight,  or 
rather  open  every  way  ; yet  it  is  inconceivable  how  it 
fliould  happen,  that  not  only  glafs  and  diamonds,  but 
even  water,  whofe  parts  aie  io  veiy  moveable,  fhould 
have  all  their  pores  open  and  pervious  every  way  ; while 
the  fined  paper,  or  the  thinned  gold  leaf,  fhould  ex- 
clude the  light,  for  want  of  iuch  pores.  So  that  ano- 
ther caufe  of  Opacity  mud  be  fought  for. 

Now  all  bodies  have  vadly  more  pores  or  vacuities 
than  are  ncceffary  for  an  Infinite  number  of  rays  to  pafs 
freely  through  them  in  right  lints,  without  driking  on 
any  of  the  parts  themfelves.  For  fince  water  Is  19  times 
lighter  or  rarer  than  gold  ; and  yet  gold  itfelf  is  fo  very 
rare,  that  magnetic  effluvia  pafs  freely  through  if, 
without  any  oppofition  ; and  quickfilver  Is  readily  re- 
ceived within  its  pores,  and  even  water  Itfelf  by  coin- 
preffion  ; it  mud  have  much  more  pores  than  folid  parts  : 
confequently  water  mud  have  at  lead  40  times  as  much 
vacuity  as  folidity. 

The  caufe  therefore,  why  fome  bodies  arc  opake, 
does  not  confid  in  the  want  of  reCtilinear  pores,  per- 
vious every  way  ; but  either  in  the  unequal  denfity  of 
the  parts,  or  In  the  magnitude  <..f  the  pores  ; and  to 
their  being  either  empty,  or  filled  with  a different  mat- 
ter; by  means  of  which,  the  rays  of  light,  in  their  pal- 
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‘fage,  are  arrefled  by  innumerable  reft ac\:lon5  and  reflec. 
lions,  till  at  length  falling  on  fome  folid  part,  they  be- 
come  quite  extin^l,  and  are  utterly  abforbed. 

Hence  cork,  paper,  wood,  &c,  are  opake  ; wjaile 
-glafs,  diamonds,  &c,  are  pellucid.  I‘or  in  the  connnes 
or  joining  of  parts  alike  in  denfity,  fach  as  thofe  or 
.glais,  water,  diamonds,  &c,  among  themielvcs,  no  le- 
d'radlion  or  refledlion  takes  place,  becaufe  oi  - the  equal 
nttraftion  every  way  ; fo  that  fuch  of  the  rays  of  light 
as  enter  the  firil  furface,  pafs  itraight  through  tlie  boay , 
excepting  fuch  as  are  loll  and  abforbed,  by  linking  on 
■folid  parts  : but  in  the  bordering  of  parts  of  unequal 
denfity,  inch  as  thofe  of  wood  and  paper,  both  with 
‘■regard  to  themfelves,  and  with  regard  to  the  au' ^ or 
empty  fpace  in  their  larger  pores,  the  attradlion  Doing 
unequal,  the  refledlions  and  refradlions  will  tjc  very 
great ; and  thus  the  rays  will  not  be  able  to  palV  through 
fuch  bodies,  being  continually  driven  about,  till  tuey 
become  extiudl. 

That  this  int^ruption  or  difcontinuity’'  of  parts  is  the 
chief  caufe  of  Opacity,  Sir  Ifaac  Newton  argues,  ap- 
pears from  hence  ; that  all  opake  bodies  immediately  be- 
gin to  be  tranfparent,  when  their  pores  become  lihed 
with  a fubftance  of  nearly  equal,  denfity  with  theii  parts. 
Thus,  paper  dipped  in  water  or  oil,  fome  lloiies  ileep- 
cd  in  water,  linen  cloth  dipped  in  oil  or  vinegar,  fee, 
become  more  tranfparent  than  before. 

OPAKE,  not  tranfiucent,  nor  tranfoarent,  or  not 
.admitting  a free  paflage  to  the  rays  of  light. 

OPEN  Flank,  in  Fortification,  is  that  part  of  the 
Hank  which  is  covered  by  the  orillon  or  flioulder. 

OPENING  of  the  Trenches,  is  the  firft  breaking  of 
ground  by  the  befiegers,  in  order  to  carry  on  their  ap- 
proaches towards  a place.  ‘ 

Opening  of  Gates,  in  Afirology,  is  when  one  pla- 
net feparates  from  another,  and  prefeiitly  applies  to  a 
third,  bearing  rule  in  a fign  oppofite  to  thai  iiiled  by 
the  planet  with  which  it  was  berore  joined. 

OFKRA-GIafs,  in  Optics,  is  fo  called  from  it^  ufe 
in  play-houfes,  and  fometlmes  a Diagonal  Perfpeai^c, 
from  its  conftrudlion,  which  is  as  follows.  ABLi) 
(ficr.  C)  pl.xvii)  reprefents  a tube  about  finches  long  ; 
In?achride  of  which  there  is  a hole  EF  andGH,  ex- 
aaiyagainll  the  middle  of  a plane  mirror  IK,  which 
refieas  the  rays  falling  upon  it  to  the  convex  glafs  LM; 
through  which  they  are  refraaed  to  the  concave  eye- 
^rlafs  NO,  whence  they  emerge  parallel  to  the  eye  at 
fhehole  in  the  end  of  the  tube.  Let  P.Q  be  an 
obiea  to  be  viewed,  from  which  proceed  the  rays  ?c,  ah, 
and  Qd:  thefe  rays,  being  refleaed  by  the  plane  mir- 
ror IK,  will  fiiewthe  objea  in  thedireaion  cp,  ha,  dq, 
in  the  image  pq,  equal  to  the  objea  PQ  , and  as  far 
behind  the  mirror  as  the  objea  is  before  it  : the  mirror 
bancr  placed  fo  as  to  make  an  angle  of  45  degrees 
wlth^he  fides  of  the  tube.  And  as,  in  viewing  near 
obieas,  it  is  not  ncceffary  to  magnify  them,  tne  fo- 
cal dlftances  of  both  the  glaffes  rtiay  be  nearly 
equal ; or  if  that  of  LM  be  3 inches,  and  that  of  NO 
e inch,  the  dlftance  between  them  will  be  but  2 
luchccj  2md  the  objea  will  be  magnified  3^  times, 
bNng  fufficient  for  the  purpofes  to  which  this  glals 

is  applied. 
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When  tlie  objea  is  very^  near,  as  XY,  it  is  viewed 
through  a hole  xy,  at  the  other  end  of  the  tube 
AB,  without  an  eye  glafs  ; the  upper  part  of  the 
mirror  being  polifhed  for  that  purpofe,  as  well  as 
the  under.  The  tube  unferews  near  the  objea-glafs 
I.M,  for  taking  out  and  cleanfing  the  glaffes  and 
mirror.  The  pofition  of  the  objea  will  be  e/ea 
through  the  concave  eye-glafs. 

The  peculiar  artifice  of  this  glafs  is  to  view  a perfon 
at  a finali  diftance,  fo  that  no  one  fhall  know  who  is 
obferved  ; for  the  inftrurnent  points  to  a different 
objedl  from  that  which  is  viewed  ; and  as  there  is  a 
hole  on  eacli  fide,  it  is  impoiffble  to  know  on 
which  hand  tlie  objea  is  fituated,  which  you  arc  view-, 
ing. 

OPHIUCUS,  a conftellation  of 
tlie  northern  hemifphere  ; called  alfo 
Serpentarius. 

OPPOSITE  Jngles,  or  Vertical 
Angles,  are  thofe  oppofite  to  each 
other,  made  by  two  interfeaing  lines; 
as  a and  h,  orr  and  d. — The  oppofite 
angles  are  equal  to  each  other. 

Opposite  Cones,  denote  two  iimi- 
lar  cofies  vertically  oppofite,  having 
the  fame  common  vertex  and  axis, 
and  tlie  fame  fides  produced;  as  the 
cones  A and  B. 

Opposite  SeBions,  or  Hyperbolas, 
are  thofe  made  by  cutting  the  Op- 
polite  cones  by  the  fame  plane  ; as 
the  hyperbolas  C and  O. — Thefe  are 
always  equal  and  fimilar,  and  have 
the  fame  tranfverfe  axis  EF,  as  alfo 
the  fame  coniugate  axis. 

OPPOSITION,  is  that  afpeeff  or 
fitiiation  of  two  planets  or  Ears,  when 
they^  are  diam.etrically  oppofite  to  each 
other;  being  180°,  or  a femi-circle 
apart  ; and  marked  thus  T. 

The  moon  is  in  Oppoiition  to  the  fun  when  fhe  is  at 
the  full. 

OPTIC,  or  Optical,  fomething  that  relate 
to  vifion,  or  the  fenfe  of  feeing,  or  the  fcience  of 
optics. 

Oytic  Dngle.  See  Angle. 

Optic  yAh’.  See  Axis. 

Optic  Chamber,  See  Camera  Ohfciira. 

Optic  Glaffes,  are  glaffes  ground  either  concave  of 
convex  ; fo  as  either  to  colledl  or  difperfe  the  rays  of 
light ; by  which  means  vifion  is  improved,  and  the  eye 
ftrengthened,  preferved,  &c. 

Among  thefe,  the  principal  are  fpecffacles,  read- 
ing glafies,  telefcopes,  microfeopes,  magic  lanterns, 
&c. 

Optic  Ineqnaliiy,  in  Aftronomy,  is  an  apparent  irre-  ' 
gularity  in  the  motions  of  far  rfiftant  bodies  ; fo  called, 
becaufe  it  is  not  really  in  the  moving  bodies,  but  arifing' 
from  the  fituation  of  the  cbfervef’s  eye.  For  if  the 
eym  were  m the  centre,  it  would  always  fee  the  mo- 
tions as  they  really  are, 
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The  Optic  Inequality  may  be 
thus  iiluilratcd.  Siippofe  a body 
revolving  with  a real  uniform  mo- 
tion, in  the  periphery  of  a circle 
ABD  &:c;  and  fuppofe  the  eye 
in  the  plane  of  the  fame  circle, 
but  at  a diilance  from  it,  view- 
ing the  motion  of  the  body  from 
O.  Now  when  the  body  goes 
from  A to  B ; its  apparent  motion 
is  meafured  by  the  angle  AOB  or 
the  arch  or  line  HL,  which  it  will 
feem  to  defcribe.  But  while  it 
moves  through  the  arch  BD  in  an  equal  time,  its  ap- 
parent motion  will  be  determined  by  the  angle  BOD, 
or  the  arch  or  line  LM,  which  is  lefs  than  the  former 
LH.  But  it  fpends  the  fame  time  in  deicribing  DE, 
as  it  does  in  AB  or  BD  ; during  all  which  time  of  de- 
fcribing  DE  it  appears  tlationary  in  the  point  M. 
When  it  really  defcribes  EFGIQ^  it  will  appear  to  pafs 
over  MLKKN  ; fo  that  it  will  feem  to  have  gone  re- 
trograde. And  lallly,  from  Q_to  P it  will  again  ap- 
pear ftationaiy  in  the  point  N. 

Optic  Nerws,  the  fecond  pair  of  nerves,  fpringing 
from  the  crura  of  the  medulla  oblongata,  and  pafiing 
thence  to  the  eye. 

Thefe  are  covered  with  two  coats,  which  they  take 
from  the  dura  and  pia  mater  ; and  which,  by  their  ex- 
paniions,  form  the  two  membranes  of  tlie  eye,  called 
the  uvea  and  cornea.  And  the  retina,  which  is  a Uiird 
membrane,  and  the  immediate  organ  of  fight,  is  only  an 
expanfion  of  the  iibrous,  or  inner,  and  meduUary  part 
of  thefe  nerves. 

0?T\c  Pencil.  See  Pencil  Rays. 

Optic  Place,  of  a ftar  &:c,  is  that  point  or  part  of 
its  orbit,  which  is  determined  by  our  fight,  when  the 
ftar  is  feen  there.  This  is  either  true  or  apparent  ^ true, 
v/hen  the  obferver’s  eye  is  fuppofed  to  be  at  the  centre 
of  the  motion  ; or  apparent,  when  his  eye  is  at  the  cir- 
cumference.of  the  earth.  See  alfo  Place. 

Optic  Pyramid,  in  Pcrfpeclive,  is  the  pyramid 
ABCO,  whofe  biife  is  the  vifible  objeft  ABC,  and 
the  vertex  is  in  the  eye  at  O ; being  formed  by  rays 


drawn  from  the  feveral  points  cf  the  perimeter  to  the 

eye.  - _ 

PIcnee  alfo  may  appe_ar  what  is  meant  by  Optic  tri- 

angle. 

Optic  Pui-^s,  particularly  means  thofe  by  which 
an  Optic  pyramid,  or  Optic  triangle,  is  terminated. 
AsOA,  OB,  OC,  &c. 
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OPTICS,  the  fcience  of  vifion  ; including  Catop- 
trics, and  Dioptrics  ; and  even  Perfpedtive  ; as  alfo  the 
whole  doflrine  of  light  and  colours,  and  all  the  phe- 
nomena of  vifible  objedls. 

Optics,  in  Its  moie  extenfive  acceptation,  is  a mixed' 
mathematical  fcience;  which  explains  the  manner  in 
which  vifion  is  performed  in  the  eye  ; treats  of  fight  in 
general ; gives  the  reafons  of  the  feveral  modifica- 
tions or  alterations,  which  the  rays  of  light  undergo  in 
the  eye  ; and  fhews  why  objeds  appear  fometimes 
greater,  fometimes  fmaller,lbmetimesmorediftind,  fome- 
times  more  confufed,  fometimes  nearer  and  fometimes 
more  remote.  In  this  extenfive  fignification  it  is  confi- 
dered  by  Newton,  in  his  excellent  work  called  Optics, 

Indeed  Optics  makes  a confiderable  branch  of  natural 
philofophy  ; both  as  it  explains  the  laws  of  nature,  ac- 
cording to  which  vifion  is  performed  ; and  as  it  accounts 
for  abundance  of  phyfical  phenomena,  otherwife  inex- 
plicable. 

The  Principal  Anihovs  and  Difeoveries  in  Optics,  arc. 
the  following  : 

Euclid  feems  to  be  the  carlieft  author  on  Optics  that 
we  have.  He  compofed  a treatife  on  the  ancient  Optics 
and  catoptrics  ; dioptrics  being  lefs  known  to  the  An- 
cients ; though  it  was  not  quite  unnoticed  by  them, 
for  among  the  phenomena,  at  the  beginning  of  that 
work,  Euclid  remarks  the  effed  of  bringing  an 
objed  into  view,  by  refrattioii,  in  the  bottom  of  a 
velfel,  by  pouring  water  into  it,  ivhich  could  not  be 
feen  over  the  edge  of  the  velfel,  before  the  water  was 
poured  in  ; and  other  authors  fpeak  of  the  then  known 
clfeds  of  glafs  globes  &c,  both  as  burning  glalfes,  and 
as  to  bodies  feen  through  them.  Euclid’s  work  how- 
ever is  chiefly  on  catoptrics,  or  refleded  rays  ; in 
which  he  llievvs,  in  31  propofitions,  the  chief  proper- 
ties of  them,  both  in  plane,  convex,  and  concave  fur- 
faces,  in  his  ufual  geometrical  manner ; beginning  with 
that  concerning  the  equality  of  the  angles  of  incidence 
and  refledion,  which  he  demonftrates  i and  in  the  hit 
propofition,  ihewing  tlie  died  of  a concave  fpeculum, 
as  a burning  glais,  when  expofed  to  the  rays-  of  the 
fun. 

The  efteds  of  burning  glaffes,  both  by  refradion  and 
refledion,  are  noticed  by  feveral  others  of  the  Ancients, 
and  it  is  probable  that  the  Romans  had  a method  of 
lighting  their  facred  fire  by  fome  fuch  means.  Arif- 
tophanes,  in  one  of  his  comedies,  introduces  a perfoii  as 
making  life  of  a globe  filled  wuth  water  to  cancel  a bond 
that  was  agaiufi  him,  by  thus  melting  the  wax  of  the 
ftal.  And  if  we  give  but  a fmall  degree  of  credit  to 
what  fome  aivcienc  hulorians  are  faid  to  have  yritteii- 
concerning  the  exploits  of  Archimedes,  we  fliall  be  in- 
duced to  think  that  he  conftruded  fome  very  powerful 
burning  mirrors.  It  is  even  allowed  that  this  eminent 
geometrician  wrote  a treatife  on  the  fubjed  of  them, 
though  it  be  not  now  extant ; as  alfo  concerning  the 
appearance  of  a ring  or  circle  under  water,  and  there- 
fore could  not  have  been  ignorant  of  the  common  phe- 
nomena of  refradion.  Wc  find  many  queftions  con- 
cerning fuch  optical  appearances  in  Ariftotle.  This*, 
author^'as  alfo  fenfible  that  it  is  the  refledion  of  light 
from  the  atmofphere  which  prevents  total  darknefs^  after 
tl-e  fun  fets,  and  in  places  where  he  does  not  fhine  ire 
the  day  time.  He  was  alfo  of  opinion,  that  rainbows,,^ 
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halo?,  and  mock  funs,  were  all  occafioned  by  the  re- 
flection of  the  iunbeains  in  different  circumllances,  by 
avhich  an  iinperfeCt  image  of  his  body  was  produced, 
the  colour  only  being  exhibited,  and  not  his  proper 
figure. 

The  Ancients  were  not  only  acquainted  with  the 
more  ordinary  appearances  of  refraction,  but  knewalfo 
the  production  of  colours  by  refraCted  light.  Seneca 
fays,  that  when  the  light  of  the  fun  fliines  through  an 
angular  piece  of  glafsj  It  fliews  all  the  colours  of  the 
rainbow.  Thefe  colours  however,  he  fays,  are  falfe, 
fuch  as  are  feen  in  a pigeon’s  neck  when  it  changes  its 
poftion  ; and  of  the  fame  nature  he  fays  is  a fpeciilum, 
\s  iiich,  without  having  any  colour  of  its  own,  affumes 
that  of  any  otiier  body. 

It  appears  alfo,  that  the  Ancients  were  not  unac- 
quainted with  the  magnifying  power  of  glafs  globes 
filled  with  water,  though  it  does  not  appear  that  they 
knew  any  tiling  of  the  reafon  of  this  power  : and  it  is 
fuppofed  that  the  ancient  engravers  made  ufe  of  a glafs 
globe  filled  with  water  to  magnify  their  iigures,  that 
they  might  vrork  to  more  advantage. 

Ptolomy,  about  the  middle  of  the  fecond  century, 
wrote  a confiderable  treatife  on  Optics.  The  work  is 
loll ; but  from  the  accounts  of  others,  it  appears  that 
he  there  treated  of  allronomical  refraClIons.  The  lirft 
aftronomers  were  not  aware  that  the  intervals  between 
itars  appear  lefs  when  near  the  horizon  than  in  the  me- 
ridian ; and  on  this  account  they  muff  have  been  much 
embarraffed  in  their  obfervations:  but  it  is  e /ident  that 
Ptolomy  was  aware  of  this  circumftance  by  the  caution 
which  he  gives  to  allow  fomething  for  it,  whenever  re- 
coiirfe  is  had  to  ancient  obfervations.  This  philofo- 
pher  alfo  advances  a very  fenfible  hypothefis  to  account 
for  the  remarkably  great  apparent  fize  of  the  fun  and 
moon  when  feen  near  the  horizon.  The  mind,  he  fays, 
judges  of  the  fize  of  objeCfs  by  means  of  a preconceived 
idea  of  their  diftaiice  from  us  ; and  this  diftance  is  fan- 
cied to  be  greater  when  a number  of  obje6ls  are  inter- 
pofed  between  the  eye  and  the  body  we  are  viewing; 
which  is  the  cafe  v^'hen  we  fee  tlie  heavenly  bodies  near 
the  horizon.  In  his  Almageft,  hovvever,  he  aferibes 
this  appearance  to  a refra6lion  of  the  rays  by  vapours, 
which  aftually  enlarge  the  angle  under  whicli  the  lumi- 
naries appear  ; juft  as  the  angle  is  enlarged  by  which 
an  objcA  is  feen  from  under  water. 

Alha.zen,  an  Arabian  writer,  was  the  next  author  of 
confequence,  who  wrote  about  the  year  i 100.  Alha- 
zen  made  many  experiments  on  refraftion,  at  the  fur- 
face  between  air  and  water,  air  and  glafs,  and  water  and 
glafs;  and  hence  he  deduced  feveral  properties  of  at- 
mofpherical  refraflion  ; fuch  as,  that  it  increafes  the 
altitudes  of  all  objedls  in  the  heavens  ; and  he  ftrft  ad- 
v'anced  that  the  ftars  are  fometimes  feen  above  the  ho- 
rizon by  means  of  refradtion,  when  they  are  really  be- 
low it:  which  obfervation  was  confiimed  by  Vitcllo, 
Walther,  and  efpccially  by  the  olifervations  of  Tycho 
Brahe.  Alhazen  obferved,  that  refravSlion  contrafts  the 
diam-Cters  and  diftances  of  the  heavenly  bodies,  and  that 
it  is  the  caufe  of  die  twinkling  of  the  ftars.  This  re- 
fradlive  power  he  aferibed,  not  to  the  vapours  contained 
in  the  air,  but  to  its  different  degrees  of  tranfparency. 
And  it  w'as  liis  opinion,  that  fo  far  from  being  the  caufe 
of  the  heavenly  bodies  appearing  larger  near  the  Iiori- 


zon,  that  it  would  make  them  appear  lefs  ; obfetving 
that  two  ftars  appear  nearer  together  in  the  horizon, 
than  near  the  meridian.  This  phenomenon  he  ranks 
among  optical  deceptions.  We  judge  of  diftance,  he 
fays,  by  comparing  the  angle  under  which  objedls  ap-. 
pear,  with  their  fuppofed  diftance  ; fo  that  if  thefe 
angles  be  nearly  equal,  and  the  diftance  of  one  obje6l  be 
conceived  greater  than  that  of  the  other,  this  will  be 
imagined  to  be  the  larger.  And  he  farther  obferves, 
that  the  ffy  near  the  horizon  is  always  imagined  to  be 
farther  from  us  than  any  other  part  of  the  concave  fur- 
face. 

In  the  writings  of  Alhazen  too,  we  find  the  firft 
dlftintl  account  of  the  magnifying  power  of  glaffes  ; 
and  it  is  not  improbable  that  his  writings  on  this  head 
gave  rife  to  the  ufeful  invention  of  fpe6lacles  : for  lie 
lays,  that  if  an  obje6l  be  applied  clofe  to  the  bafe  of 
the  larger  fegment  of  a fphere  of  glafs,  it  will  appear 
magnified.  He  alfo  treats  of  the  appearance  of  an  ob- 
jeift  through  a globe,  and  fays  that  he  was  the  firft  who 
obferved  the  refraftion  of  rays  into  it. 

In  1270,  Vitello,  a native  of  Poland,  publifhed  a 
treatife  on  Optics,  containing  all  that  w^as  valuable  in. 
Alhazen,  and  digefted  in  a better  manner.  He  ob- 
ferves, that  light  is  always  loft  by  refradlion,  which 
makes  objecls  appear  lefs  luminous.  He  gave  a tabic 
of  the  refults  of  his  experiments  on  the  refraftive  pow- 
ers of  air,  water,  and  glafs,  correfponding  to  different 
angles  of  Incidence.  He  aferibes  the  twinkling  of  the 
ftars  to  the  motion  of  the  air  in  wdiich  the  light  is  re- 
frained ; and  he  illuftrates  this  hypothefis,  by  obferving 
that  they  twinkle  ftill  more  when  viewed  in  water  put 
in  motion.  He  alfo  fhews,  that  refraAion  is  neceffary 
as  well  as  refienion,  to  form  the  rainbow  ; becaufe  the 
body  which  the  rays  fall  upon  is  a tranfparent  fub- 
ftance,  at  the  furface  of  which  one  part  of  the  light  is 
always  reflened,  and  another  refraned.  And  he  makes 
fome  ingenious  attempts  to  explain  refraAion,  or  to 
afeertain  the  law  of  it.  He  alfo  confiders  the  foci  of 
glafs  fpheres,  and  the  apparent  fize  of  objefts  feen 
through  them  ; though  with  but  little  accuracy. 

To  Vitello  may  be  traced  the  idea  of  feeing  images 
in  the  air.  He  endeavours  to  Ihew,  that  it  is  poffible, 
by  means  of  a cylindrical  convex  fpeculum,  to  fee  the 
images  of  objeAs  in  the  air,  out  of  the  fpeculum,  when 
the  objeifts  themfelves  cannot  be  feen. 

The  Optics  of  Alhazen  and  Vitello  were  piiblifiied 
at  Bafil  in  1572,  by  Fred.  Rifner. 

Contemporary  with  Vitello,  was  Roger  Bacon,  a 
man  of  very  extenfive  genius,  who  wrote  upon  almoft 
every  branch  of  fcience  ; though  it  is  thought  his  im- 
provements in  Optics  were  not  carried  far  beyond  thofe 
of  Alhazen  and  Vitello.  He  even  affents  to  the  abfurd 
notion,  held  by  all  philofophers  down  to  his  time, 
that  vifible  rays  proceed y'rom  the  eye,  inftead  of  towarch 
it.  From  many  ftories  related  of  him  however,  it 
would  feem,  that  he  made  greater  improvements  than 
appear  in  his  writings.  It  is  faid  he  had  the  ufe  of 
fpc6facles  ; that  he  had  contrivances,  by  refierition  from 
glafles,  to  fee  what  was  doing  at  a great  diftance,  as  in 
an  enemy’s  camp.  And  lord  chancellor  Bacon  relates 
a ftoryg  of  his  having  apparently  walked  in  the  air  be- 
tween two  fteeples,  anrd  which  he  fuppofed  was  effefted 
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■fey  refleclion  from  glalTes  while  he  walked  upon  the 
ground. 

About  1279  was  written  a treatife  on  Optics  bv  Pec- 
cam,  archbilliop  of  Canterbury. 

One  of  the  next  who  dillingiuTncd  himfelf  in  this 
way,  was  Maurolycus,  teacher  of  mathematics  at  Mcf- 
fina.  In  a treatife,  De  Immine  et  Umbra,  publilhed 
in  1575,  he  demonllrates,  that  the  cryhalJine  humour, 
of  the  eye  is  a lens  that  collects  the  rays  of  liglit  iffuing 
from  the  objects,  and  throws  them  upon  the  retina, 
w'here  the  focus  oi  each  pencil  is.  From  thib  principle 
he  diicovered  the  reafon  why  fome  people  are  Ihort- 
fighted,  and  others  long-lighted  ; alfo  why  the  former 
are  reheved  by  concave  glalfes,  and  the  others  by  convex 
ones. 

Ccntem.porary  with  Maiirolyciis,  was  John  Baptilla 
Porta,  of  INaples.  He  diicovered  the  Camera  Obfeura, 
which  throws  conhderable  lig'ht  on  the  nature  of  vihon. 
His  hoiife  was  the  conlhmt  refort  of  all  the  ingenious 
perfons  at  Naples,  whom  he  formed  into  what  he  called 
An  Academy  of  Secrets;  each  member  being  obliged 
to  contiioLite  iomething  that  was  not  generally  known, 
and  might  be  ufeful.  Py  this  means  he  w'iis  furnilhed 
\vith  materials  for  his  Magia  Naturalis,  which  contains 
his  account  of  the  Camera  Clbfciira,  and  the  lirll  edi- 
tion of  which  was  publilhed,  as  he  iulorms  us,  when 
he  was  not  quite  15  years  old.  He  alfo  gave  the 
'hrkhint  of  the  Magic  Lantern  ; which  Kirclier  after- 
wards followed  and  improved.  His  experiments  with 
the  camera  obfeura  convinced  him,  that  vilion  is  per- 
formed by  the  intromiffion  of  fomething  into  the  eye, 
and  net  by  vifual  rays  proceeding  from  it,  as  had  been 
formerly  imagined  ; and  he  was  the  liril  who  fully  fa- 
tisfied  himfelf  and  others  upon  this  fubjeft.  He  jukly 
confidered  the  eye  as  a camera  obfeura,  and  the  pupil 
the  hole  in  the  w’indovv-fhutter  ; but  he  was  millaken 
in  fuppoling  that  the  cryltalline  humour  correfponds 
to  the  wall  which  receives  the  images  ; nor  was  it  dif- 
covered  till  the  year  160-}.,  that  this  office  is  performed 
by  the  retina.  He  made^a  variety  of  juft  remarks  con- 
cerning vilion  ; and  particularly  explained  feveral  cafes 
in  which  we  imagine  things  to  be  without  the  eye, 
when  the  appearances  are  occafioned  by  fomc  aftceftion 
of  the  eye  itfelf,  or  by  fome  motion  within  the  eve. 
-—He  remarked  alio  that,  in  certain  circumftances, 
vilion  will  be  affifted  by  convex  or  concave  glaiTes  ; and 
he  feems  even  to  have  made  fome  finall  advances  to- 
wards the  difcovery  of  telefcopes. 

Other  treatifes  on  Optics,  with  various  and  gradual 
improvem.ents,  were  afterwards  fucceffively  publiffied 
by  feveral  authors : as  Aguilon,  Opticorum  libr.  6, 
Antv.  1613  ; L’Optique,  Catoptiique,  Sc  Dioptrique 
of  Herigone,  in  his  Curfus  Math.  Paris  1637;  the 
Dioptrics  of  Des  Cartes,  1637;  L’Optique  Sc  Ca- 
toptrique  of  Merfenne,  Pan's  1651  ; Scheiner,  Optica, 
Lend.  1652':  Manchini,  Dioptrica  Pradlica,  Bolqgna, 
1660  : Barrow,  Leaiones  Optical,  London  '166^  : 
James  Gregory,  Optica  Promota,  Load.  166^  : Gri- 
maldi,  Hiyfico-mathefis  de  Lumine,  Coloribus,  & Iride, 
Bononia,  1665;  Scaphufa,  Cogitationes  Phyllco-me- 
chanicae  dc  Natura  Viiionis,  Heidel.  1670:  lurcher, 
Ars  Magna  Lucis  8c  Umbra?,  Rome  1671  : Cheru- 
bin,  Dioptrique  Oculaire,  Paris  1671  : Leibnitz,  Prin- 
cipe Generale  de  I’Optique,  Leipfic  A(fts  16S2  ; 
VoL.  II. 
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Newton’s  Optjes  and  LeUiones  Optioie,  Ho  and  8yo, 
1704  See:  Molyneux,  Dioptrics,  .Lund.”  1692  ; Hr, 
Jurin’s^ Theory  of  DiftinU  and  Indiftind  Vilion.— 
There  is  alfo  a large  and  excelkant  work  on  Optics, 
by  Dr.  Smith,  2 vols  qto  ; and  an  elaborate  rliftory 
of  the  Prclent  State  of  Dilcoveries  relating  to  Vifion, 
I..ight,  and  Colours,  by  Dr.  Prieftley,  ^to,  1772  ; with 
a mnltilude  ot  other  auiiiors  of  inlerior  note;  be- 
fidt^  Icftcr  and  occafional  traCts  and  papers  in  the  Me- 
moirs oi  the  im-eral  learned  Academies  and  Societies 
of  Lurope  ; with  improvements  by  many  other  perfons, 
among  vvhom  are  the  refpedluble  names  of  Snell,  Fer- 
mat,^ Kepler,  Huygens,  Horteniiiis,  Boyle,  Hock,  De 
la  Hue,  Lowthorp,  Callini,  Ilalley,  Deliile,  Luler, 
Dollond,  Ciairaut,  D’Alembert,  Teiher,  Bouguei*, 
Bunon,  Nollet,  Baume  ; but  the  paiticular  impiove- 
ments  by  each  author  miiil  be  referred  to  the  hiilory 
of  his  life,  under  the  article  of  their  names  ; wffiile  trie 
hi'fory  and  improvements  of  the  feveral  branches  are 
to^  be  found  under  tlie  various  particular- articles,  asi 
Light,  Colours,  Reflexion,  Refracdion,  Infection, 
I raiifmiffion,  See,  Spetlaclts,  Felefcopc,  Ivlicrofcope, 
iSce,  3lC. 

OivB,  a fphcrjcai  {hcfl,  hollow  fphere,  or  fnace  con- 
tained between  two  concentric  ipherical  furfaces. — ■ 
The  ancient  allronomers  conceived  the  heavens  as  con 


lifting  ot  feveral  vaft  azure  Iranfparent  Orbs  or  fpliercs, 
inclolmg  one  anoilier,  and  including  the  bodies  of  the 
planets. 

The  Orb  IS  Magfius,  or  Great  Orb,  is  that  in  which 
the  fun  is  fuppofed  to  revolve  ; or  rather  it  is  that  in 
which  the  earth  makes  its  annual  circuit. 

Orb,  in  Aftrology,  or  Orb  oJ  Light,  is  a certain 
fpheie  or  extent  of  light,  which  the  aftrologers  allow 
a plancf  beyond  its  centre.  They  pretend  that,  pro- 
vided the  afpefts  do  but  fall  within  this  Orb,  they 
have  almoft  the  fame  effed  as  if  they  pointed  diredTiy 
againft  the  centre  of  the  planet.— The  Orb  of  Saturn’s 
light  they  make  to  be  10  degrees;  that  of  Jupiter  12 
drgiees  ; that  of  IMars  that  of  the  Sun  17  degrees; 
that  of  \ eiiLis  8 degrees  ; that  of  Mercury  7 det^rces  ; 
and  that  of  the  Moon  12  | degrees.  ° 

DKLIT.,  IS  the  path  of  a planet  or  comet;  being 
the  cuive  line  defenbed  by  its  centre,  in  its  proper 
motion  in  the  heavens.  So  the  earth’s  Orbit,  is  the 
ecliptic,  or  the  curve  it  defciibes  in  its  annual  revolu- 
tion about  the  fim. 

^ I’lie  ancient  aftronomers  made  the  planets  deferibe 
circulai  Oi  bits,  with  an  uniform  velocity.  Coperni- 
cus himfelf  could  not  believe  they  ffiould  do  otlierwiie  ; 
being  unable  to  difentangle  himfelf  entirely  from  the 
excentr.cs  and  epicycles  to  which  they  had  recourfej  to 
account  for  the  inequalities  in  then'  motions. 

But  Kepler  found,,  from  obfervations,  that  the  Orbit 
of  the  eartlp  and  that  of  every  primary  planet,  is  an 
elliplis,  having^  the  fun  in  one  of  its  foci ; and  that 
they  all  rnove  in  thefe  ellipfes  by  this  law,  that  a ra- 
dius drawn  from  the  centre  of  the  fun  to  the  centre  of 
the  planet,  always  defciilies  eqiud  areas  in  equal  times  ; 
or,  which  is  tlie  fame  things  unequal  times,  it  deferibes 
areas  that  are  proportional  to  thole  times.  And  New'- 
ton  has  fmee  demonftrated,  from  the  nature  of  univerfal 
gravitation,  and  projcaile  motion,  that  the  Orbits  muft 
of  neceffity  be  ellqiies,  and  the  motions  obferve  that 
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I'lw,  jjotli  of  tiie  primary  and  fecondary  pjanets  ; 
excepting  in  fo  far  as  their  motions  and  paths  are  dif- 
'urbed  bv  their  rriutnal  affions  upon  one  another  ; as 
th  - Orbit  of  the  earth  by  that  of  the  moon  or  that  of 
Satui  n bv  the  adtion  of  Jinpiter  ; &c. 

Oj'  thefe  elliptic  Orbits,  there  have  been  tv^o  kinds 
ahigned  : the  iirPc  that  of  Kepler  and  Newton,  which 
is  the  common  or  conical  ellipfe ; for  which  Seth 
Ward,  though  he  himfdf  keeps  to  it,  thinks  we  might 
venture  to  lubflitnte  circular  Orbits,  by  uhng  two 
points,  taken  at  equal  diilances  from  the  centre,  on  one 
of  the  diameters,  as  is  done  in  the  foci  of  the  ellipfis, 
and  which  is  called  his 'Circular  Hypothefis.  The  »fc- 
cond  is  that  of  Caffini,  of  this  nature,  viz,  that  tlie  pro- 
duOs  of  the  two  lines  drawn  from  the  two  foci,  to 
any  point  in  the  circumference,  are  everywhere  equal  to 
the  fame  conflant  quantity  ; whereas,  in  the  common 
ellipfe,  it  is  the  fum  of  thofe  two  lines  that  is  abvays  a 
conftant  quantity. 

The  Orbits  of  the  planets  are  not  all  in  the  fame 
plane  with  the  ecliptic,  which  is  the  eartn  s Orbit 
round  the  fun,  but  are  varioully  inclined  to  it,  and  to 
each  other  : but  Hill  the  plane  of  the  ecliptic,  or 
earth’s  Orbit,  interfedls  the  plane  of  the  Orbit  of  every 
other  planet',  in  a right  line  which  paffes  through  the 
fun,  called  the  line  of  the  nodes,  and  the  points  of  in- 
terfedlion  of  the  Orbits  themfelves  are  called  the 
nodes. 

The  mean  fem.idiameters  of  the  feveral  Orbits,  ^or 
the  mean  diilances  of  the  planets  from  the*  fun,  with 
the  excentricities  of  the  Orbits,  their  inclination  to  the 
ecliptic,  and  the  places  of  their  nodes,  are  as  in  the  fol- 
lowiii''*'  table;  where  the  2d  column ' contains  the  pio- 
portions  of  femidiameters  of  the  Orbits,  the  true  femi- 
diameter  of  that  of  the  earth  being  95  millions  of 
miles  ; and  the  3d  column  fnews  what  part  ol  the  fe- 
midiameters the  excentricities  are  equal  to. 
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The  Orbits  of  the  comets  are  alfo  very  cxcentric 

ellipfes.  - , » 1 

ORDER,  in  Architea.ure,  a fyllem^  of  the  feveral 

rnembers,  ornanients,  and  proportions  cl  a cdiuinn  and 

pilaller.  r ^ , 

There  are  hve  Orders  of  columns,  of  which  three 

are  Greek,  viz,  the  Doric,  Ionic,  and  Corinthian  ; and 
two  Italic,  viz,  the  Tufean  and  Compofite.  The 
three  Greek  Orders  reprefeat  the  three  different'  man- 


ners of  building,  viz,  the  folid,  the^  delicate,  and  the 
middling  ; the  two  Italic  ones  are  imperfedl  produc- 
tions of  thefe. 

Order,  in  Ailronoray.  A planet  is  faid  to  go  ac- 
cording to  the  order  of  the  figns,  wTen  it  is  dired  ; 
proceeding  from  Aries  to  Taurus,  thence  to  Gemini, 
&c.  As,  on  the  contrary,  it  goes  contrary  to  the 
Order  of  the  ligns,  when  it  is  retrograde,  or  goes  back- 
ward, from  Pifees  to  Aquarius,  &c.  ^ _ 

Order,  in  the  Geometry  of  Curve  Lines,  is  denomi- 
nated from  the  rank  or  Order  of  the  equation  by 
which  the  geometrical  line  is  exprelTed  ; fo  the  fim- 
ple  equation,  or  ill  power,  denotes  the  ill  Order  of 
lines,  wdiich  is  the  right  line  ; the  quadratic  equation, 
or  2d  power,  defines  the  2d  Order  of  lines,  wTich  arc 
the  conic  feclions  and  circle  ; the  cubic  equation,  or  3d 
power,  defines  the  3d  Order  of  lines  ; and  fo  on. 

Or,  the  Orders  of  lines  are  denoiminated  from  the 
number  of  points  in  which  they  may  be  cut  by  a right 
line.  Thus,  the  right  line  is  of  the  ill  Order,  becaufe 
it  can  be  cut  only  in  one  point  by  a right  line  ; the 
circle  and  conic  fedions  are  of  the  2d  Order,  becaufe 
they  can  be  cut  in  two  points  by  a right  line  ; while 
thofe  of  the  3d  Order,  are  fuch  as  can  be  cut  in  3 
points  by  a right  line  ; and  fo  on. 

It  is  "to  be  obferved,  that  the  Order  of  curves  is  al- 
ways one  degree  lower  than  the  correfpoiiding  line  ; 
becaufe  the  ill  Order,  or  right  line,  is  no  curve  ; and 
the  circle  and  conic  fedions,  which  are  the  2d  Order 
of  lines,  are  only  the  ill  Order  of  curves;  See. 

See  Newton’s  Enumeratio  Linearum  Tertii  Ordi- 
nis. 

ORDINATES,  in  the  Geometry  of  Curve  Lines,  are 
right  lines  drawn  parallel  to  each  other,  and  cutting  the 
curve  in  a certain  number  of  points. 

The  parallel  Ordinates  are  ufually  all  cut  by  fome 
other  line,  which  is  called  the  abfcifs,  and  commonly 
the  Ordinates  are  perpendicular  to  the  abfcillal  line. 
W hen  this  line  is  a diameter  of  the  curve,  the  property 
of  the  Ordinates  is  tlien  the  moll  remarkable  ; for,  in 
the  curves  of  the  firll  kind,  or  the  conic  fedlions  and 
circle,  the  Ordinates  are  all  bifeded  by  the  diameter, 
making  the  part  on  one  fide  of  it  equal  to  the  part  on 
the  other  fide  of  it ; and  in  the  curves  of  the  2d  order, 
which  may  be  cut  in  three  points  by  an  Ordinate,  then 
of  the  three  parts  of  the  Ordinate,  lying  between  thefe 
three  interfedions  of  the  curve  and  the  interfedion -with 
the  diameter,  the  part  on  one  fide  the  diameter  is  equal 
to  both  the  two  parts  on  the  other  fide  of  it.  And 
fo  for  curves  of  any  order,  whatever  the  number  of  in- 
terfedions may  be,  the  lum  of  the  parts  of  any  Ordi- 
nate, on  one  Tide  of  the  diameter,  is  equal  to  the  fum 
of  the  parts  on  the  other  fide  of  it. 

The  ufe  of  Ordinates  in  a curve,  and  their  abfcilTcs, 
is  to  define  or  exprefs  the  nature  of  a curve,  by  means 
of  the  general  relation  or  equation  between  them  ; and 
the  greatell  number  of  fadors,  or  the  dimenfions  of 
the  highell  term,  in  fuch  equation,  is  always  the  fame 
as  the  order  of  the  line  ; that  equation  being  a quadra-, 
tic,  or  its  highell  term  of  two  dimenfions,  in  the  lines 
of  the  2d  order,  being  the  circle  and  conic  fedions  ; 
and  a cubic  equation,  or  its  highell  term  containing 
3 dimenfions,  in  the  line-s  of  the  3d  order;  and  fo 
on. 


Thus, 
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' ' Thus,  y denoting  an  Ordinate 
BC,  and  its  abfcifs  AB  ; alio 
a,  hf  c,  See,  given  quantities  ; then 
+ kx  -f  c is  the  gene- 
ral equation  for  the  lines  of  the 
2d  order  ; and 

— ey  — ax^  T T d*  ^ 
is  the  equation  for  the  lines  of  the 
3d  order  ; and  fo  on. 

ORDNANCE,  are  all  forts  of  great  guns,  ufed  in 
war  ; fuch  as  cannon,  mortars,  howitzers,  &:c. 

OREFYREUS’s  lVheeI,m  Mechanics,  is  a machine 
fo  called  from  its  inventor,  which  he  afl'erted  to  be  a 
perpetual  m.otion.  This  machine,  according  to  the 
account  given*  of  it  by  Gravefande,  in  his  Oeuvres 
Philofophiques,  publifhed  by  Allemand,  Amh.  1774, 
confided  externally  of  a large  circular  wheel,  or  rather 
drum,  12  feet  in  diameter,  and  14  inches  deep  ; being 
very  light,  as  it  was  formed  of  an  affemblage  of  deals, 
having  the  intervals  between  ^hem  covered  with  waxed 
cloth,  to  conceal  the  interior  parts  of  it.  The  two 
extremities  of  an  iron  axis,  on  which  it  turned,  reded 
on  two  lupports.  On  giving  a flight  impulfe  to  the 
wdieel,  in  either  diredtion,  its  motion  was  gradually  ac- 
celerated ; fo  that  after  two  or  three  revolutions  it  re- 
quired fo  great  a velocity  as  to  make  25  or  26  turns 
in  a minute.  This  rapid  motion  it  adlually  preferved 
during  the  fpace  of  2 months,  in  a chamber  of  the 
landgrave  of  HeiTe,  the  door  of  which  was  kept  locked, 
and  fealed  with  the  landgrave’s  own  feal.  At  the  end 
of  that  time  it  was  dopped,  to  prevent  the  wear  of  the' 
materials.  The  yrofedbr,  who  had  been  an  eye-wit- 
hefs  to  theie  circumdances,  examined  all  the  external 
parts  of  it,  and  was  convinced  that  there  could  not  be 
any  communication  between  it  and  any  neighbouring 
room.  Orffyreus  however  was  fo  incenled,  or  pre- 
tended to  be  fo,  that  he  broke  the  machine  in  pieces, 
and  wTote  on  the  wall,  that  it  was  the  impertinent  cu- 
riofity  of  profelTor  Gravefande  which  made  him  take 
this  dep.  The  prince  of  Eleffe,  who  had  lecn  the  in- 
terior parts  of  this  wheel,  but  Iworn  to  fecrefy,  being 
afked  by  Gravefande,  Vsdiether,  after  it  had  been  in  mo- 
tion  for  fome  time,  there  was  any  change  obfervable  in 
it,  and  whether  it  contained  any  pieces  that  indicated 
fraud  or  deception,  anfwered  both  quedions  in  the  ne- 
gative, and  declared  that  the  machine  was  of  a very 
fimple  condruftion. 

ORGANIC  AD  Defenption  of  Curves,  is  the  cle- 
feription  of  them  upon  a plane,  by  means  of  indru- 
ments,  and  com.monly  by  a continued  motion.  The 
mod  fimple  condruClion  of  this  kind,  Is  that  of  a circle 
by  means  of  a pair  of  compades.  The  next  is  that,  of 
an  ellipfe  by  means  of  a thread  and  two  pins  in  the 
foci,  or  the  ellipfe  and  hyperbola,  by  means  of  the  el- 
liptical and  hyperbolic  compades. 

A great  variety  of  deferiptions  of  this  fort  are  to  be 
found  In  Schooten  De  Organica  Conic.  Sedt.  in  Plano 
Defcriptlone  ; in  Newton’s  Arithmetica  D^niverfalis, 
De  Curvarum  Defcriptlone  Organica  ; hlackiurin’s  Geo- 
metria  Organica  ; Brackenridge’s  Deferiptio  Linearum 
Curvarum  ; &c.., 

ORGUES,  or  Organs,  in  Fortification,  long  and 
thick  pieces  of  wood,  diod  with  pointed  iron,  and 


hung  each  by  a fepai'ate  rope  over  the  gate-way  of  a 
'town,  ready  on  any  furprife  or  attempt  of  the  enemy  to 
be  letdown  to  dop  up  the  gate.  ' The  ends  of  the  feveral 
ropes  are  wound  about  a windlafs,  fo  as  to  be  let  down 
all  together.  > 

Orgues  is  alfo  ufed  for  a machine  cempofed  of  fe- 
veral hai-quebudFs  or  mmllcet-barrels,  bound  together  ; 
fo  as  to  make  feveral  cxplolions  at  the  fame  time.  They 
are  ufed  to  defend  breaches  and  otiier  places  at- 
tacked. 

ORIENT,  the  ead,  or  the  eadei  n point  of  the  ho- 
rizon. 

Orient  EquinoUiaU  is  n!cd  for  that  point  of  tlm 
horizon  where  the  fun  rifes  wiien  he  is  in  the  equinoc- 
tial, or  w'hen  he  enters  the  figns  Aries  and.Lihra. 

Orient  Acft'ival,  is  the  point  where  the  fun  rifes 
in  the  middle  of  fum.mer,  when  the  days  are  longed. 

Orient  Hyhernal,  is  the  point  where  the  fun  rifes  in 
the  middle  of  winter,  wdien  the  days  are  ihort^.d. 

ORIBNTAI.,  fituated  towaids  the- end  wiih  i yiard 
to  ns  : in  oppofition  to  occidental  or  the  wed. 

Oriental  Aftronomy,  Fhi/ofoply,  dec,  uied  for 
thofe  of  the  ead,  or  of  the  Arabians,  Chaldeans,  i cr- 
fians,  Indians,  dec. 

ORILLON,  in  Fortification,  a fmall  rounding  of 
earth,  lined  witli  a w’all,  raifed  on  the  flioulder  or  thofe 
badions  that  h.ave  cafemates,  to  cover'  the  cannon  in 
the  retired  flank,  and  prevent  their  being  difmounted 
by  the  enemv. 

There  are  other  forts  of  Orillons,  properly  called 
Epaulements,  or  Shoulderings,  which  are  almod  of  a 
fcpiare  figure. 

ORION,  a con  deflation  of  the  fouthern  hemifpherc, 
W’ith  refpedf  to  the  ecliptic,  but  half  in  the  northern, 
and  hall  on  the  fouthern  fide  o£  the  equinoctial,  which 
runs  acrofs  the  middle  of  his  body. 

The  dars  in 'tliis  condellation  are,  38  in  Ptolomy’s 
catalogue,  42  in  Tycho’s,  62  In  Flevelius’s,  and  78  in 
Flamdeed’s.  But  fome  telefcopcs  have  difeovered  feveral  . 
thoiifands  of  dars  in  this  condellation. 

Of  thefe  liars,  there  are  no.lcfs  than  two  of  the  fird 
magnitude,  and  four  of  the  fecond,  befide  a great  many 
of  the  third  and  lourth.  One  of  thofe  two  liars  of  the 
fird  magnitude  is  upon  the  m.idclle  of  the  left  foot, 
and  is  called  Regel ; tlie  other  is  on  the  riglit  fnoulder, 
and  called  Betelguefe  ; of  the  four  of  tiie  fecond  magni- 
tude, one  is  on  the  left  Ihoulder,  and  called  Bellatr'ix^ 
and  the  other  three  are  in  the  belt,  lying  nearly  in  a 
right  line  and  at  equal  di dances  from  each  other,  form- 
ing wdiat  is  popularly  called  the  P'oriRvand. 

This  condellation  is  one  of  the  48  old  aderifms,  and 
one  of  the  mod  remarkable  in  the  heavens.  It  is  in  the 
fiofurc  of  a man,  havinp-  a fword  by  his  fide,  and  feeins 
attacking  the  bull  with  a dub  in  his  right  hand,  his  left 
bearing  a fliield. 

Tins  condellation  is  particularly  mentioned  by  many 
of  the  ancient  autliors,  and  even  in  the  Scriptures  them- 
felves.  The  Greeks,  according  to  their  cudorn,  give 
feveral  fabulous  accounts  of  him.  One  is,  that  tin’s 
Orion  wxis  a fon  of  their  fea-god  Neptune  by  Euryalc, 
the  famous  huntrefs.  The  fon  pofTeffed  the  difpofition 
of  his  mother,  and  became  the  greated  hunter  in  the 
w'orld  : and  Neptune  gave  him  the  fingular  privilege, 
that  he  fliould  wxilk  upon  the  furfacc  of  the  fea  as  well 
A a 2 , as 
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if  It  wcie  on  dry  land.  Another  account  of  bis  ori- 
gin is,  tliat  one  Hyreius  in  Thebes,  having  entertained 
Jupiter  and  ^Trcury  with  great  hofpitahty,  reqtiehed 
ot  them  tliv.-  favour  tinat  he  tnight  have  a ion.  The  deinof 
the  ox  which  he  h.ad  (acrifced  to  them,  was  buried  in 
the  ground,  with  certain  ceremonies,  and  the  Ion  fo 
mucii  defircd  was  produced  from  it,  a youth  of  promi- 
ling  ipirit,  and  named  Orion. 

They  farther  tell  ns,  that  he  vifited  Chics  when 
grown  up,  and  ravifoed  Penelope  the  daughter  of  CEno- 
pion,  forvthich  tlie  father  put  out  his  eyes,  and  ba- 
il iflied  him  the  ifland  : he  thence  went  to  Lemnos,  where 


Vulcan  received  him,  and  gave  him  Cedalion  for  a com- 
panion, Afterwards,  being  reftored  to  fight  by  the 
fun,  he  returned  to  Chios,  and  would  have  revenged 
himfelf  on  the  king,  but  the  people  hid  him.  After 
this  it  feems  he  hunted  with  Diana,  and  was  lo  exalted 
with  his  fuccefs,  that  he  ufed  to  fay  he  would  deflroy 
every  creature  on  the  earth  : the  Earth,  Irritated  at  this, 
produced  a Scorpion,  which  flung  him  to  death,  and 
both  lie  and  the  reptile  were  taken  up  to  the  fleies, 
the  Scorpion  making  one  of  the  twelve  figns  of  the 
zodiac. 

Others  give  a different  account  of  his  deftruftion  : 
they  tell  us  that  he  would  have  raviflied  tliegoddefs  of 
cha'flity  Diana  herfelf,andthat  die  killed  him  with  herar- 
row.  All  the  writers,  however, are  not  agreed  about  this: 
they  who  make  him  the  facrifice  to  the  vengeance  of  the 
offended  goddefs,  fay,  that  herfelf  afterwards  placed  his 
figure  in  the  fleies  as  a memorial  of  the  attempt,  and  a 
terror  to  all  ages.  But  there  are  fome  who  fay  file  loved 
liim  fo  well  that  flic  had  thoughts  of  marrying  him  : 
ihefeadd,  that  Apollo  could  not  bear  fo  difhonourable 
an  alliance  forhis  filler,'  for  wdiich  reafon  he  killed  him  ; 
and  that  Diana,  after  fnedding  fho’wers  of  tears  over  his 
corps,  obtained  of  Jupiter  a place  for  him  in  the  hea- 
vens. 


No  conflellation  wasfo  terrible  to  the  mariners  of  the 
early  periods,  as  tliis  of  Orion.  He  is  mentioned  in 
this  way  by  all  the  Greek  and  Latin  poets,  and  even 
by  their  hiilorians  ; his  rifing  and  letting  being  attended 
by  ftorms  and  tempcfls  : and  as  the  northern  conltella- 
tions  are  made  the  followers  of  the  ideiades  ; fo  are  the 
fouthern  ones  made  the  attendants  of  Orion. 

l‘he  name  of  this  conileliation  is  alfo  met  with  In 
Scripture  feveral  times,  viz,  in  the  books  of  Job,  Amos, 
and  Ifaiah.  In  Job  it  k afked,  ‘‘  Canft  thou  bind  the 
fwcet  Influence  of  the  Pleiades,,  or  loofe  the  banas  of 
Orion  r”  And  Amos  fays,  “ Seek  him  that  maketh  the 
Seven  Stars  and  Orion,  andturneth  the  fhadow  of  death 


into  morning. 

Orion's  ivzTer,  the  fame  as  the  conflellation  Eri- 

dan  us. 


ORLE,  Orlet,  or  Orlo,  in  Architedture,  a fil- 
let under  the  ovolo,  or  quarter-round  of  a capital. — 
When  It  is  at  the  top  or  bottom  of  the  fliaft,  it  is  called 
the  cinfture.— -Palladio  alfo  ufes  Orlo  for  the  plinth  of 
llie  bafes  of  columns  and  pedeflals. 

ORRERY,  an  aftronomical  machine,  for  exhibiting 
the  various  motions  and  appearances  of  the  fun  and 
planets  ; and  hence  often  called  a Planetarium. 

The  reafon  of  the  name  Orrery  was  this  : Mr.  Row- 
ley,  a mathematical  Inflrumcnt-maker,  having  got  one 
Mr.  George  Graham,  the  original  inventor,  to  be 


fent  abroad  with  fome  of  his  owm  inflruments,  he  co- 
pied it,  and  made  the  flrfl  for  the  earl  of  Orrery, 
Sir  Richard  Steel,  who  knew  nothing  of  Mr.  Gra- 
ham’s machine,  thinking  to  do  juflice  to  the  firfl  en- 
coLirager,  as  well  as  to  the  inventor  of  fuch  a curious 
inilrument,  called  it  an  Orrery,  and  gave  Rowley., 
the  praiL  due  to  Mr.  Graham.  Defaguliers’  Experlm. 
Piiilof.  voL  1,  pa.  430.  The  figure  of  this  grand  Or- 
rery is  exhibited  at  flg»  ij  ph  19*  imee  made  iti 

various  other  hgures. 

ORTEIL,  in  Fortification.  .See  Berme. 

ORTELIUS  (Abraham),  a celebrated  geographer, 
was  born  at  Antwerp, in  1 527.  He  was  well  fkiiied  in  the 
languages  and  mathematics,  and  acquired  fuch  reputa- 
tion by  his  fl':ill  in  geography,  that  he  was  furnamed 
the  Floloiny  of  his  time.  Judus  Lipfius,  and  moft  of 
the  great  men  of  the  i6th  century,  were  our  author’s 
intimate  friends.  He  paffed  fome  time  at  Oxford  in  the 
reign  of  Edward  the  6th  ; and  he  vifited  England  a fe- 
cond  time  in  1577.  ^ _ 

Plis  F'heatrum  Orhis  Term  was  the  completed  work 
of  the  kind  that  had  ever  been  pubiifhed,  and  gained 
our  author  a reputation  adequate  to  his  irnmenfe  labour 
in  compiling  it.  He  wrote  alfo  feveral  other  excellent 
geographical  works  ; the  principal  of  which  are,  his 
ThefauritSy  and  his  Synonyma  Geographica, — The  world 
is  alfo  obliged  to  him  for  the  Britannia,  which  was 
undertaken  by  Cambden  at  his  requeil.— He  died  at 
Antwerp,  1598,  at  71  years  of  age. 

ORTHODROMICS,  in  Navigation,  is  Great-circle 
failing,  or  the  art  of  failing  in  the  arch  of  a great  circle, 
which  is  the  fliortefl  couri'e  : For  the  arch  of  a great 
circle  is  Orthodroniia,  or  the  fhortefl  didance  between 
two  points  or  places. 

ORTHOGDNfAL,  in  Geometry,  is  the  fame  as 
redlangular,  or  right-angled.— -When  the  term  refers  to 
a plane  figure,  It  fuppofes  one  leg  or  fide  to  fland  per- 
pendicular to  the  other : when  fpoken  of  folpls,  it  fup- 
pofes  their  axis  to  be  perpendicular  to  the  plane  of  the 
hori-zon. 

ORTHOGRAPHIC  or  Orthographical  Pro- 
jeBion  of  the  Sphere,  is  the  projeclion  of  its  ftmface  or 
of  the  fphere  on  a plane,  paffing  through  the  middle  of 
it,  by  an  eye  vertically  at  an  infinite  didance.  See  Pro- 
ject i o n . 

ORTHOGRAPHY,  In  Geometry,  is  the  drawing 
or  delineating  the  fore-right  plan  or  fide  of  any  objedfc, 
and  of  expreffing  the  heights  or  elevations  of  every  part. 
Being  fo  called  from  its  determining  things  by  perpen- 
dicular right  lines  falling  on  the  geometrical  plan  ; or 
rather,  becaufe  all  the  horizontal  lines  are  here  draight 
and  parallel,  and  not  oblique  as  in  reprefentations  of 
perfpeblive. 

Orthography,  in  Architecture,  is  the  profile  or 
elevation  of  a building,  fliewing  all  the  parts  in  their 
true  proportion.  This  is  either  external  or  internal. 

Exlernal  Orthogr A"? h y,  is  a delineation  of  the 
outer  face  or  front  of  a building;  fhevving  the  principal 
wall  with  its  apertures,  roof,  ornaments,  and  every 
thing’  vlfihleto  an  eye  placed  before  tlie  building.  And 
Orthograp  H Y,  called  alfo  a Sedtion,  is  a 
delineation  or  draught  of  a building,  fuch  as  it  would 
appear  if  the  external  wall  wei’e  removed. 

Orthography,  in  Fortiflcwation,  is  the  profile,  or 
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rcprefentation  of  a work  ; or  .a  draugkt  fo  conducted, 
as  that  the  length,  breadth,  height,  and  thicknefs  of 
the.feveral  parts  are  expreffed,  fuch  as  they  would  ap- 
pear, if  it  were  perpendicularly  cut  from  top  to  bot- 
tom. 

ORTiVE,  or  Eajiern  Amplitude ^ in  A (Ironomy,  is 
an  arch  of  the  horizon  intercepted  between  the  point 
whese  a liar  rifes,  and  the  eah  point  of  the  horizon. 

OSCILLATION,  in  Mechanics,  vibration,  or  the 
’ reciprocal  afeent  and  defeent  of  a pendulum. 


C 
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Ifa  fimplc  pendulum  be  fufpended  between  two  femi- 
cycloids  13C,  CD,  that  have  the  diameter  CF  of  the  ge- 
nerating circle  equal  to  half  the  length  of  the  firing,  fo 
that  the  hting,  as  the  body  E Ofcillates,  folds  about 
them,  then  will  the  body  Ofcillate  in  another  cycloid 
BEAD,  fimilar  and  equal  to  the  former.  And  the 
time  of  the  Ofcillation  in  any  arc  AE,  meafured  from 
the  lowed;  point  A,  is  always  the  fame  condant  quan- 
tity, whether  that  arc  be  larger  or  fmaller.  But  the  Of- 
cillations  in  a circle  are  unequal,  thofe  in  the  fmaller 
arcs  being  lefsthan  thofe  in  the  larger  ; and  fo  always 
lefs  and  lefs  as  the  arcs  are  fmaller,  but  dill  greater  than 
the  time  of  Ofcillation  in  a cycloidal  arc  ; till  the  ciren- 
lar  arc  becomes  very  fmall,  and  then  the  time  of  Ofcil- 
lation in  it  is  very  nearly  equal  to  the  time  in  the  cy- 
cloid, becaufe  the  circle  and  cycloid  have  the  fame  cur- 
vature at  the  vertex,  the  length  of  the  firing  being  the 
common  I'adius  of  curvature  to  them  there. 

The  time  of  one  whole  Ofcillation  in  the  cycloid,  or 
of  an  afeent  and  defeent  in  any  arch  of  it,  is  to  the 
time  in  which  a heavy  body  would  fall  freely  through 
CF  or  FA,  ,the  diameter  of  the  generating  circle, 
or  through  half  the  length  of  the  pendulum  dring,  as 
the  circumference  of  a circle  is  to  its  diameter,  that  is 
as  3*1416  to  r.  So  that  if  / denote  the  length  of  the 
pendulum  CA,  and^  m 16^*5;  feet  = 193  inches,  the 
fpace  a heavy  body  falls  in  the  id  fecond  of  time, 
and  ^ 3*1416  the  circumference  of  a ciicle  whofe 

'diameter  is  i ; then  by  the  laws  of  falling  bodies, 

it  is  g : \ \ A /sj — , the  time  of  falling  through 


CF  or  II  ; therefore  i ipw  L ; which  is 

2g  2g 

the  time  of  one  vibration  in  any  arch  of  the  cycloid  which 
has  the  diameter  of  Its  generating  circle  equal  to  -*/.  Or, 
by  extraaing  the  known  numbers,  the  fame  time  of  an 
Ofcillation  becomes  barely  very  nearly, 

/ being  the  length  of  the  pendulum  in  inches.  And 
therefore  tins  is  aXfo  very  nyaily  the  time  of  an  Ofcilla- 
tion  In  a fmall  drcular  arc,  whofe  radius  Is  / inches, 
idence  the  times  of  the  Ofcillation  of  pendulums  of 


different  lengths,  are  dlreaiy  in  the  fubduplicate  ratio 
of  tlieir  iengths,  or  as  the  fquare  roots  of  their 
lengths. 

^ 1 he  more  exaa  time  of  Ofcillatlng  in  a circular  arc, 
when  this  is  of  forae  finite  fmall  length,  is 

h ' 

5V  W X (i  + ■^);  where  h\%  the  height  of  the  vibra- 
tion, or  the  verfed  fine  of  the  fingle  arc  of  afeent,  or 
defeent,  to  the  radius  /. 

d he  Celebrated  Huygens  fird  refolved  the  problem 
concerning  the  Ofcillatiqns  of  pendulums,  in  his  book 

e loiologio  Ofcillatorio,  reducing  compound  pendu- 
lums to  fimpjeones.  And  hisdotliine  is  founded  on 
this  hypothelis,  that  the . common  centre  of  erravi'ty  of 
leverai  bodie.s  conneaed  together,  mudafeend  exadlr 
to  the  fame  height  from  which  it  fell,  whether  thofe  bo- 
c les  be  united,  or  leparated  from  one  another  in  afeend- 
ing  again,  provided  that  each  begin  to  afeend  with  the 
velocity  acquired  by  its  defeent. 

1 Ins  iuppolitioii  was  oppol'td  by  feveral,  and  very 
.T>iich  fufpeded  by  others.  And 'thofe  even  who  hi- 
leved  the  ti'uth  of  it,  yet  thought  it  too  daring  to  be 

admitted  without  proof  into  a fcictice  which  demon, 
itrates  every  thing. 

At  length  Mr.  James  Bernoulli  demonllrated  it.  from 
the  nature  of  the  lever;  and  piibliilied  his  folution  in  the 
Mem.  Acad,  g Scieiic.  of  Baris,  for  the  year  tyov. 
After  his  death,  which  happened  in  1705,  his  brollii- 
Jolin  Bernoul  1 gave  a more  cafy  and  (imple  folution  of 
the  fameprob.em,  in  the  fame  Memoirs  for  1714;  anj 
about  the  fame  time,  Dr.  Brook  Taylor  publinitd  a fi- 
inilar  folution  in  his  Methodus  Incrementoriim  ; which 
gave  occafion  to  a difpiite  between  thefe  two  niathe- 
maticians,  who  accufed  each  other  of  having  hole* 
heir  fohitions.  The  particulars  of  wliich  difpute  may 

be  feen  in  the  Leiphc  Ads  for  i;  ,6,  and  in  Bernoulli’s 
works,  printed  ill  1743. 

^ Axis  of  OsciLLATiox,  13  a line  parallel  to  the  ho- 
rizon, fuppofed^  to  pafs  through  the  centre  or  fixed 
point  about  which  the  penduium  ofcillates,  and  per- 
pendicular to  the  plane  in  which  the  Ofcillation  is 
made. 

Centre  of  Osctll./i.tiom,  in  a fufpended  body,  is  a 
certain  point  m it,  fuch  that  the  Ofcillatioiis  of  the  bo- 
dy will  be  made  in  the  Lme  time  as  if  that  point  alone 
were  lufpended  at  that  didance  from  the  point  of 
fufpenlion.  Or  it  is  tlie  point  into  which  if  the  whole 
weight  of  the  body  becollecded,  the  feveral  Ofcillatioiis 
will  be  performed  in  the  fame  time  as  before  : the  Ofcil- 
lations  being  made  only  Ly  the  force  of  gravity  of  the 
ofcillating  body.  See  Centre  of  OfcUlaitoiu 

OSCULATION,  in  Geometry,  denotes  the  con- 
taa  between  any  curve  and  its  ofculatory  circle,  that 
IS,  the  circle  of  the  fame  curvature  with  tlmq  given 
curve,  at  the  point  of  contacl  or  of  Ofcillation.  If  AC 
be  the  evolute  of  the  involute  curve  AEF,  and  the  tan- 
gent C£  the  radius  of  curvature  at  the  point  E,  with 
which,  and  the  centre  C,  if  the  circle  BEG  be  deferib- 
ed  ; this  circle  is  faid  to  ofculate  or  kifs  the  curve  AEF 
in  the  pomt  E,  which  point  E Mr.  Huygens  calls  tlie 
point  of  Ofcillation,  or  kilfing  point. 

1 he  line  CE  is  called  the  ofculatory  radius,  orthe  ra- 
dius of  curvature;  and  the  ciiHc  BEG  the  ofculatory 
or  killing  circle. 
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The  evoliite  AC  is  the  locus  of  the  centfes  of  all  the 
circles  that  ofculatethe  involute  curve  AEF. 


Osculation  alfo  means  the  point  of  concourfe 
of  two  branches  of  a curve  which  touch  each 
other.  For  example,  if  the  equation  of  a curve  be 
y — ^'x  + yah  it  is  eafy  to  fee  that  the  curve  has 
two  branches  touching  one  another  at  the  point  where 
w = o,  becaiife  the  roots  have  each  the  ligns  + 

and  — . r 1 r 

The  point  of  Ofcnlatlon  diff:;rs  from  the  cuip  or 

point  of  retrocclTion  (which  is  alio  a kind  of  point  of 
contadf  of  two  blanches)  in  tins,  that  in  this  lutter 
cafe  the  two  branches  terminate,  and  pafs  no  farther,^ 
but  in  tlie  former  the  two  branches  exift  on  both  tides  ot 
the  point  of  Ofculation.  Thus,  in  the  fecond  figure 
above,  the  point  B is  the  Ofculation  of  the  two  branches 
ABD,  EBF  ; but  C,  though  it  is  alfo  a tangent  point, 
is  a cufp  or  point  of  retroceffion,  of  AC  and  AB,  the 

branches  not  palling  beyond  the  point  A. 

OSCULATORY  Circle,  or  KlJJlng  Circle,  is  the 
fame  as  the  circle  of  curvature  j that  is,  the  circle  hav- 
ing the  fame  curvature  with  any  curve  at  a given  point. 
See  the  foregoing  article,  Ofculation,  where  BEG,  in 
the  laft  figiirebut  one,  is  the  Ofciilatory  circle  of  the 
curve  AEF  at  the  point  E ; and  CE  the  Ofciilatory 
radius,  or  the  radius  of  curvature. 

This  circle  is  called  Ofciilatory,  or  kiffing,  becaiife 
that,  of  all  the  circles  that  can  touch  the  curve  in  the 
fame  point,  that  one  touches  it  the  clofed,  in  fuch 
manner  that  no  other  fuch  tangent  circle  can  be  drawn 
between  it  and  the  curve  ; lo  that,  in  touching  toe 
curve,  it  embraces  it  as  it  were,  both  touching  and  cut- 
ting it  at  the  fame  time,  being  on  one  hde  at  the  convex 
part  of  the  curve,  and  on  the  other  at  the  concave  part 

In  a circle,  all  the  Ofciilatory  radii  are  equal,  being 
the  common  radius  of  the  circle  ; the  evoliite  of  a circle 
being  only  a point,  which  is  its  centre,  oee  fome  pio- 
pertiesoftbe  Ofculatory  ciicle  in  Maclaiuin  s Algebra, 
Appendix  Dc  Linearum  Geometricariim  Proprietatibus 
generahbusTraaatus,  Theor.  2,  } 15  &c,  treated  m a 
pure  geometrical  manner. 

OscuLATORY  Parabola.  See  Parabola. 

OscuLATORY  Point,  the  Ofculation,  or  point  of  con- 
taft  between  a curve  and  its  Olciilatory  circle.  ^ ^ 

^Demonftratlans,^  fuch  as  piauuy  and 

direaiy  demonlfrate  the  truth  of  any  propofiLiim.  In 
, which  they  hand  dillingiurr.ed  troiu  Apngogical  ones, 
or  redudtions  ad  abfu.dum,  or  ad  impohijiie,  which 
prove  the  truth  propefed  by  dcmoiiliiating  the  abiur- 
dity  or  impofiibihty  oi  the  contraiy 

OTACOUSTiC,  an  inllriiment  that  aids  or  im- 
proves tiie  fenfe  of  hearing.  See  Acoustics. 


OVAL,  an  oblong  curvilinear  figure,  having  two 
unequal  diameters,  and  bounded  by  a curve  line  return- 
ing into  itfelf.  Or  a figure  contained  by  a fingle  curve 
line,  imperfeclly  round,  its  length  being  greater  than  its 
breadth,  like  an  egg  : whence  its  name. 

The  proper  Oval,  or  egg-fhape,  is  an  irregular  figure, 
being  narrower  at  one  end  than  the  other ; in  which 
it  differs  from  the  ellipfe,  which  is  the  mathematical 
Oval,  and  is  equally  broad  at  both  ends. — The  common 
people  confound  the  two  together ; but  geometricians 
call  the  Oval  a Falfe  Ellipfe. 

The  method  of  deferibing  an  Oval  chiefly  ufed  among 
artificers,  is  by  a cord  or  ftring,  as  Ffy,  whofe  length  is 
equal  10  the  greater  diameter  of  the  intended  Oval,  and 
which  is  faftened  by  its  extremes  to  two  points  or  pins, 
F andy',  planted  in  its  longer  diameter  ; then,  holding 
it  always  llretched  out  as  at  H,  with  a pin  or  pencil  car- 
ried round  the  infide,  the  Oval  isdeferibed  : which  will 
be  fo  much  the  longer  and  narrower  as  the  two  fixed 
points  are  farther  apart.  This  Oval  fo  deferibed  is  the 
true  mathematii^al  elliple,  the  points  F andy^ being  the 
two  foci. 


Another  popular  way  to  deferibe  an  Oval  of  a gives 
length  and  breadth,  is  thus  : Set  the  given  length  and 
breadth,  AB  and  CD,  to  bife£l  each  other  perpendicu- 
larly at  E ; with  the  centre  C,  and  radius  AE,  deferibe 
an  arc  to  crofs  AB  in  F and  G ; then  with  thele centres, 
F and  G,  and  radii  AF  and  BG,  deferibe  two  little  arcs 
HI  and  KL  for  the  fmaller  ends  of  the  Oval  ; and  lallly, 
with  the  centres  C and  D,  and  radius  CD,  deferibe  the 
arcs  HK  and  IL,  for  the  flatter  or  longer  fides  of  the 
Oval.—  Sometimes  other  points,  in  (lead  of  C and  D,  are 
to  be  taken  by  trial,  as  centres  in  the  line  CD,  pro- 
duced if  neceffary,  fo  as  to  make  the  two  lail  arcs  join 
bell  with  the  two  former  ones. 

Oval  denotes  alfo  certain  roundifli  figures,  of  various 
and  pleafant  fhapes,  among  curve  lines  of  the  higher 
kinds.  Thefe  figures  are  expreffed  by  equations  of  all 
dimenfions  above  the  2ci,  and  more  efpecially  the  even 
dimenlums,  as  itie  4^h,  6th,  &c.  Ot  this  kind  is  the 
equation  — ■“  T which  denotes  thfi 


Oval  B,  in  fliape  of  tlie  feef ion  of  a pear  tlirough  th« 

middle,  and  is  eafily  deferibed  by  means  of  points,  for,  if 
3 a circle 
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a circle  be  deferibed  whofe  diameter  AC  is  m *^7,  and 
AD  be  perpendicular  and  equal  to  AC  ; then  taking 
any  point  P in  AC,  joining  DP,  and  drawing  PN  pa- 
rallel to  AD,  knd  NO  parallel  to  AC  ; and  laitly  taking 
PiVI  NO,  the  point  N'l  will  be  one  point  of  the 
Oval  fought. 

In  like  manner  the  equation 

exprefles  feveral  very  pretty  Ovals,  among  which  the 
following  1 2 »re  fome  of  the  moll  remarkable.  For 
when  the  equation 

ax*  — hx^  -}-  “f-  F ^ 

has  four  real  unequal  root?,  the  given  equation 
will  denote  the  three  following  fpecies,  in  lig.  i, 
2,3  : 


When  the  two  lefs  roots  are  equal,  the  three  fpecies  will 
beexpretled  as  in  fig.  4,  5,  6,  thus  : 


Fig.  4, 


Fig.  5. 


Fig.  6. 


When  the  two  lefs  roots  become  imaginary,  it  will  de- 
note the  three  fpecies  as  exhibited  in  fig.  7,8,9: 


Fig.  7. 


Fig.  8. 


Fig.  9. 


O 


O 


When  the  two  middle  roots  are  equal,  the  fpecies  wu‘11  be 
as  appears  in  fig.  10;  when  tw'o  roots  are  equal,  and 
tw^o  more  fo,  the  fpecies  will  be  as  in  fig.  i r : and 
when  the  two  middle  roots  become  imaginary,  the  fpe- 
cies will  be  as  appears  in  fig.  12  ; 


Fig.  10. 


Fig.  I r. 


Fig.  12. 
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OUGFITRED  (VCilliam),  an  eminent 
matliematician  and  divine,  wnis  born  at  Kton  in  Buck 
ingharnfhtre,  1573,  and  educated  in  the  fchool  there  ; 
whence  he  was  elected  to  King’s-college  in  Cambridge 
in  1592,  where  he  continued  about  12  years,  and  bcr 
came  a fellow;  employing  his  time  in  dole  application 
to  Lileful  lludies,  particularly  the  mathematical  fciences, 
which  he  contributed  greatly,  by  his  example  and  cx 
hoitation,  to  bring  into  vogue  among  his  acquaintances 
ther-e. 

About  1603  he  quitted  the  iiniverfity,  and  was  pre- 
fented  to  the  redory  of  Aldbury,  near  Guildford  in 
Surry,  where  he  lived  a long  retired  and  lludious  life, 
ffcldom  travelling  fo  far  as  Dondon  once  a year  ; his 
recreation  being  a diverlity  of  lludies  : “ as  often,  fays 
be,  as  I was  tired  woth  the  labours  of  my  own  prolef- 
fion,  I have  allayed  that  tedioufiiefs  by  walking  in  the 
plealant,  and  more  than  Elylian  Fields  of  the  diverfe- 
and  various  parts  of  human  learning,  and  not  of  the 
mathematics  only.’  About  the  year  1628  he  was  ap- 
pointed by  the  earl  of  Arundel  tutor  to  his  foil  lord 
William  Howard,  in  the  mathematics,  and  hisClavis  was 
diawn  up  for  the  ufe  of  that  young  nubleman.  He  always 
kept  up  a correfpondence  by  letters  wuth  fome  of  the 
moll  eminent  fcliolars  of  his  time,  upon  mathematical 
fubjecls  : the  originals  of  which  were  preferred,  and 
communicated  to  the  Royal  Society,  by  illiam  Jones, 
Efq.  The  chief  rnathemc^ticians  of  that  age  owed 
m^ich  of  their  Fill  to  him  ; and  his  houfe  was  always 
full  of  young  gentlemen  who  came  from  all  parts  to  re- 
ceive his  inllruClion  : nor  was  he  without  invitations  to 
fettle  in  Ei-ance,  Italy,  and  Holland. ' “ He  w^as  as 
facetious,  fays  Mr.  David  Lloyd,  in  GFeek  and  Latin, 
as  folid  in  arithmetic,  geometry,  and  the  fphere,  of  all 
meafures,  mufic,  S:c  ; exaci  in  his  llyle  as  in  hisjudo-- 
ment^ ; handling  his  tube  and  other  inllruments  at  80  as 
Ileadily  as  others  did  at  30  ; owing  this,  as  he  faid,  to 
ternperance  and  exercife  ; principling  his  people  with 
plain  and  folid  truths,  as  he  did  the  world  with  great 
and  ufeful  arts  ; advancing  new  inventions  in  all  things 
but  religion,  which  he  endeavoured  to  promote  in  its 
primitive  purity,  maintaining  that  prudence,  mceknefs, 
and  fimplicity  were  the  great  ornaments  of  his  life. 

Notwithdanding  Oughtred.’s  great  merit,  being  a 
flrong  royalifl,  he  was  in  danger,  in  1646,  of  a fe- 
quedratlon  by  the  committee  for  plundering  miniders  ; 
feveral  articles  being  depofed  and  fworn  againd  him  : 
but  upon  his  day  of  hearing,  William  Lilly,  the  fa-  ‘ 
mous  adrologer,  applied  to  Sir  Buldrode  Whitlocke 
and  all  his  old  friends  ; who  appeared  fo  numerous  in  his 
behalf,  that  though  the  chairman  and  many  other Prefby- 
terian  members  were  adlive  againll  him,  yet  he  , was 
cleared  by  the  majority.  This  is  told  us  by  Lilly  him- 
felf,  in  the  Hidory  of  his  own  Life,  where  he  flyles 
Oughtred  the  mod  famous  mathematician  then  of  Eu- 
rope.— He  died  in  1660,  at  86  years  of  age,  and  was 
buried  at  Aldbury.  It  is  faid  he' died  of  a fudden  ec- 
■dafy  of  joy,  about  the  beginning  of  May,  on  hearing 
the  news  of  the  vote  at  Wedminder,  whicli  paded  for 
the  redoratlon  of  Charles  the  2d. — He  left  one.fon, 
whom  he  put  apprentice  to  a watch-maker,  and  wrote 
a book  of  indrudfions  in  that  art  for  his  ufe. 

He  publlfhed  feveral  works  in  his  life  time  ; theprin-  , 
cipal  of  which  are  the  following ; 


I.  Arithmetics 
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\ . ArliLr/ieihs  In  i^umcro  iij  Specielus  Injiiintio^  in 
Svo,  163  !.  Tkls  treanfe  lie  intended  fliould  ferve  as  a 
general  ICey  to  the  Mathematics,  It  was  afterwards 
reprinted,  witli  cordidcrable  alterations  and  aaditions, 
in  1648,  under  the  title  of  A Kty  to  the  Maihemaiic.u 
It  was  alfo  publifhed  in  Englilli,  with  leveral  additional 
tradfs  ; viz,  one  on  the  F^cfolution  of  all  forts  of  £\i- 
fedled  Kquatitins  111  Numbers  ; a fecond  on  Compound 
Intercll  ; a third  on  the  eafy  Art  of  Delineating  all 
manner  of  Plain  vSun-dials  ; alfo  a Denionlrration  of  the 
Rule  of  Falfe-Pofition.  A 3d  edition  of  the  fame 
wmrk  was  printed  In  1632,  in  Latin,  with  the  lame 
additional  tracls,  together  with  fome  others,  viz,  On 
the  Ufe  of  Logaritlims  ; A Declaration  of  the  foth 
book  of  Euclid’s  Elements ; a treat  lie  of  Regular  So- 
lids ; and  the  Theorems  contained  in  the  books  of  Ar- 
chimedes. 

2,  The  Circles  of  Proportion,  nnd -a.  Horizonfalln/iru- 

ment ; in  1633,  ^ publifaed  by  his  fqholar  Mr,  Wil- 

liam Foiler. 

3.  Defer^tion  and  Ufe  of  the  Doichle  Horhontal  Dial  i 
1636,  8vo. 

4,  T rigonometria, : his  treatife  on  Pngonometry,  in 
Latin,  in  4to,  1657  : And  another  edition  in  Englilh, 
together  with  Tables  of  Sines,  Tangents,  and  Se- 
cants. 

He  left  behind  him  a great  number  of  papers  upon 
mathem.atical  fubjedls  ; and  in  moft  of  his  Greek  and 
Latin  mathematical  books,  there  were  found  notes  in 
his  own  hand  ■writing,  with  an  abridgment  of  almolt 
every  propolition  and  demontlration  in  the  margin, 
which  came  into  the  m ufe  urn  of  the  late  William  Jones 
Efq.  F.  R.  S.  Thefe  books  and  manuferipts  then  paffed 
into  the  hands  of  his  friend  Sir  Charles  Scarborough  the 
phyfician  ; the  latter  of  which  were  carefully  looked 
over,  and  all  that  were  found  fit  for  the  prefs,  printed 
at  Oxford  in  1676,  in  8vo,  under,  the  title  of 

5.  Opufcula  Mathematica  hacienus  inedita.  This  col- 
iedtion  contains  the  following  pieces  : ( 1 ),  Inftitutiones 
IMechanicre  1 De  Varus  Corporum  Generibus  Gia- 
vitate  & Magnitudine  comparatis : (3),  Automata: 
(4),  Queeftiones  Diophanti  Alexandrini,  libri  tres  : 


(5),  De  Triangulis  Planls  ReCia 


nuiilis 


(6),  De  Di- 


vifione  Superficierurn  : (7),  Muficze  Elemental  (8),  De 
Propiignaculorum  Munitionibus : (9)?  SeCciones  An- 

gulares. 

6.  In  1660,  Sir  Jonas  Moore  annexed  to  his  Arith- 
metic a treatife  entitled,  “ Conical  Sctlicns  ; or,  Tlie 
feveral  SeAlons  of  a Cone  ; being  an  Analyfis  or  Me- 
thodical Contraaion  of  the  two  firft  books  of  Mydor- 
gius,  and  whereby  the  nature  olihe  Parabola,  Hypeibo- 
la,  and  Ellipfis,  is  very  clearly  laiddown.  Tranfiated  from 
the  papers  of  the  learned  William  Oughtred.” 

Oughtred,  though  undoubtedly  a veiy  great  mathe- 
matician, was  yet  far  from  having  the  happied  metliod  of 
treating  the  fubjecls  he  wrote  upon.  Plis  llyle  and  man- 
Hcr  were  very  concife,-  obicure,  and  dry  ^ and  his  lules 
and  precepts  fo  involved  111  fymbols  and  abbreviations, 
as  rendered  his  malhematical  writings  very  troiibkdorae 
to  read,  and  difficult  to  be  underftood.  Befide  the  cha- 
racters and  abbreviations  before  made  ufe  of  in  Algebra, 
he  introduced  feveral  others  ; as 
X to  denote  multiplication  ; 

I : for  proportion  or  fimilitude  of  ratios ; 
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for  continued  proportion  ; 
for  greater  and  lefs ; &c. 


OUNCE,  a fmall  weight,  being  the  i 6th  part  of  a 
pound  avoirdupois  ; and  the  12th  part  of  a pound  troy, 

- — The  avoirdupois  Ounce  is  divided  into  lO  drachms  or 
drams  ; alfo  the  Ounce  troy  into  24  pennyweights,  and 
the  pennyweight  into  24  grains. 

OVOLO,  in  Architefture,  a round  moulding,  whofe 
profile  or  fvveep,  in  the  Ionic  and  Compofite  capital,  is 
ufually  a quadrant  of  a circle  ; whence  it  is  alfo  popularly 
called  the  Quarter  round. 

OUTWARD  FI anhing  Angle,  or  the  Angle  of  the 
Tenaille,  is  that  comprehended  by  the  two  flanking  lines 
of  defence. 

OUTWORKS,  in  Fortification,  all  thofe  works 
made  on  the  outfide  of  the  ditch  of  a fortified  place,  to 
cover  and  defend  it. 

Outworks,  called  alfo  Advanced  and  Detached  Work?, 
are  thofe  which  not  only  ferve  to  cover  the  body  of  the 
place,  but  alfo  to  keep  the  enemy  at  a dlfance,  and 
prevent  them  from  taking  advantage  of  the  cavities  and 
elevations  ufually  found  in  the  places  about  the  counter- 
fcarp  ; which  might  ferve  them  either  as  lodgments,  or 
as  rideaux,  to  facilitate  the  carrying  on  their  trenches,  ■ 
and  planting  their  batteries  agalnft  the  place.  Such  arc 
ravelins,  tenailles,  hornworks,  queue  d’arondes,  enve- 
lopes, and  crownworks.  Of  thefe,  tlie  mod  ufual  art 
ravelins,  or  halfmoons,  fornsed  between  the  two  baf- 
tions,  on  the  flanking  angle  of  the  coiinterfcarp,  and 
before  the  curtain,  to  cover  the  gates  and  bridges. 

It  is  a general  rule  in  all  Outworks,  that  if  there  be 
feveral  of  them,  one  before  another,  to  cover  one  and 
the  fametenaille  of  a place,  the  nearer  ones  mu  ft  gra- 
dually, and  one  after  another,  command  thofe  which 
are  fartheft  advanced  out  into  the  campagne  ; that  is, 
muft  have  higher  ramparts,  that  fo  they  may  overlook 
and  fire  upon  the  befiegers,  when  they  are  matters  of 
the  more  outward  works. 

The  gorges  alfo  of  all  Outwmrks  fliould  be  plain,  and 
without  parapets  ; left,  when  taken,  they  fliould  ferve 
to  fecure  the  befiegers  againft  the  fire  of  the  retiring 
befieged;  whence  the  gorges  of  Outworks  are  only  pak 
lifadoed,  to  prevent  a furprize, 

OX-EYE,  in  Optics.  See  Scioptic,  and  Came- 
ra Ohfeurn. 

OXGANG,  or  Ox  GATE,  of  land,  is  ufually  taken 
for  1 3 acres  ; being  as  much  land  as  it  is  fuppofed  one 
ox  can  plow  in  a year.  In  Llncolnfiiirc  they  ftill  cor- 
ruptly call  It  Oflein  of  land. — In  Scotland,  the  term  is 
ufed  for  a portion  of  arable  land,  containing  13  acres. 

OXYGONE,  in  Geometry,  is  acute-angled,  mean- 
ing a figure  confiiting  wholly  of  acute  angles,  or 
fuch  as  are  lefs  than  90  degrees  each. — The  term  is 
chiefly  applied  to  triangles,  where  the  three  angles  are-' 
all  acute. 

OXY^GONIAL,  is  acute^angular. 

OZANAM  (James),  an  eminent  French  mathema- 
tician, was  defeended  from  a family  of  Jewiih  extrac- 
tion, but  which  had  long  been  converts  to  the  Romifli 
faith  ; and  fome  of  whom  had  held  eonfidevable  places 
in  the  parliaments  ol  Provence.  He  was  horn  at  Bolig- 
neux  in  Breftia,  in  the  year  l6-|0  j and  being  a younger 

(on, 
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Ton,  though  his  father  had  a good  eftate,  it  was  thought 
proper  to  breed  hiru  to  the  church,  that  he  might  enjoy 
i'ome  fmall  benefices  which  belonged  to  the  family,  to 
ferve  as  a piovifion  for  him.  Accordingly  he  ftudied 
divinity  four  years  ; but  then,  on  the  death  of  his  fa- 
ther, he  devoted  himfelf  entirely  to  the  mathematics, 
to  which  he  had  always  been  ftrongly  attached.  Some 
mathematical  books,  which  fell  into  his  hands,  firlf  ex- 
cited his  curiofity;  and  by  his  extraordinary  genius, 
without  the  aid  of  a mailer,  he  made  fo  great  a progrefs, 
that  at  the  age  of  1 5 he  wrote  a trcatife  of  that  hind. 

For  a maintenance,  he  firlt  went  to  Lyons  to  teach 
the  mathematics  ; which  anfwered  very  well  tliere  ; and 
after  fome  time  his  generous  difpofition  procured  him 
Hill  better  fuccefs  elfewhere.  Among  his  fcholars  were 
two  foreigners,  who  exprefiing  their  uneafinefs  to  him, 
at  being  difappointed  of  fome  bills  of  exchange  for  a 
journey  to  Paris  ; he  aficed  them  how  much  would  do, 
and  being  told  50  piiloles,  he  lent  them  the  money  im- 
mediately, even  without  their  note  for  it.  Upon  their 
arrival  at  Paris,  mentioning  this  generous  adtion  to  M. 
DaguefTeau,  father  of  the  chancellor,  this  magiltrate 
was  touched  with  it  j and  engaged  tliem  to  invite 
Ozanam  to  Paris,  with  a promife  of  his  favour.  The 
opportunity  was  eagerly  embraced  ; and  the  bufinefs  of 
teaching  the  mathematics  here  foon  brought  him  in  a 
confiderable  income  ; but  he  wanted  prudence  for  fome 
time  to  make  the  befl  life  of  it.  He  was  young,  hand- 
fome,  and  fprightly  ; and  much  addidled  both  to  gam- 
ing and  gallantry,  which  continually  drained  his  purfe. 
Among  othei*s,  he  had  a love  intrigue  with  a woman, 
who  lodged  in  the  fame  hoiife  with  him,  and  gave  hcr- 
felf  out  for  a perfon  of  condition.  However,  this  ex- 
pence in  time  led  him  to  think  of  matrimony,  and  he 
foon  after  married  a young  woman  without  a fortune. 
She  made  amends  for  this  defedl  however  by  her  mo- 
defty,  virtue,  and  fvveet  temper;  fo  that  though  the 
ftate  of  his  purfe  was  not  amended,  yet  he  had  more 
home-felt  enjoyment  than  before,  being  indeed  com- 
pletely happy  in  her,  as  long  as  Ihe  lived.  He  had 
twelve  children  by  her,  who  moilly  all  died  young  ; 
and  he  was  laftly  rendered  quite  unhappy  by  the  death 
of  his  wife  aifo,  which  happened  in  i -01.  Neither  did 
this  misfortune  come  Tingle:  for  the  war  breaking  out 
about  the  fame  time,  on  account  of  the  Spanifh  fne- 
ceffion,  it  fwept  away  all  his  fcholars,  who,  being  fo- 
reigners, were  obliged  to  leave  Paris.  Thus  *he  funk 
into  a very  melancholy  [fate  ; under  which  however  he 
received  fome  relief,  and  amufement,  from  the  honour 
of  being  admitted  this  fame  year  an  eleve  of  the  Royal 
Academy  of  Sciences. 

He  feems  to  have  had  a pre-fentiment  of  his  death, 
from  forpe  lurking  difordcr  within,  of  which  no  outward 
fymptoms  appeared.  In  that  perfiiafion  he  refufed  to 
engage  with  fome  foreign  noblemen,  who  oiTeied  to  be- 
come his  fcholars  ; alleging  that  be  fhould  not  livelong 
enough  to  carry  thein  through  their  intended  courfe. 
Accordingly  he  was  feized  foon  after  with  an  apoplexy, 
which  terminated  his  cxiflcnce  in  lefs  than  two  hours 
on  the  3d  of  April  1717,  at  7 7 years  of  age.  ’ 


Ozanam  was  of  a mild  and  calm  difpofition,  achear- 
ful  and  pleafant  temper,  endeared  by  a generofity  al- 
moft  unparalleled.  His  manners  w'cre  irreproachable 
after  marriage  ; and  he  was  fincerely  pious,  and  zea- 
ibufly  devout,  though  lludioufly  avoiding  to  meddle  i* 
theological  quefiions.  He  iifed  to  fay,  that  it  was  the 
bufinefs  of  the  Sorbonne  to  difeufs,  of  the  pope  to  de- 
cide, and  of  a mathematician  to  go  ftraight  to  heaven 
in  a perpendicular  line.  He  wrote  a great  number  of 
ufeful  books  ; a lifi  of  which  is  as  follows  : 

I.  A treatife  of  Pradb’eal  Geometry;  i2mo,  1684. 
2.1  ables  of  Sines,  Tangents  and  Secants  ; with  a 

treatife  of  Trigonometry  ; 8vo,  i68y 

3.  A^trea»Te  of  Lines  of  the  Fiiil  Order;  of  the 
Coiillriiction  of  Fquatious  ; and  ot  Geometric  Tines, 
R’c  ; 4to,  1687. 

4*  The  Ufe  ot  the  Compafies  of  Proportion,  &c  ; 
with  a treatife  on  the  Divifion  of  Lands  ; 8vo,  16S8. 

S-  All  Univerfai  Inltriiment  fur  readily  refolving 
Geometncal  Problems  without  calculation  ; i2mo. 
1688. 

6.  A Mathematical  Diftionary  ; 4to,  1690. 

7.  A General  Method  for  drawing  Dials,  (See  ; i2mo, 
1693. 

8.  A Courfe  ot  Mathematics,  in  5 volumes,  8vo, 
1693. 

9.  A treatife  on  Fortification,  Ancient  and  Modern  ; 
4to,  1693. 

10.  Mathematical  and  PhilofophicaJ  Recreations  ; 

- vols  8vo,  ] 694  > 2nd  again  with  additions  in  4 vols, 
1724. 

II.  New  Treatife  on  Trigonometry ; izmo,  1699. 

12.  Surveying,  and  meafuiing  all  forts  of  Artificers 

Works  ; izmo,  1699. 

13*  New  Elements  of  Algebra  ; 2 vols  8vo,  1702, 

14.  Theory  and  Praaice  of  Perfpeaive  ; 8vo,  lyir, 

15.  Treatife  of  Cofmography  and  Geography;  8vo, 

1 7 1 1 • 

16.  Euclid  3 Elements,  by  De  Chales,  correaed  and 
enlarged;  i2mo,  1709. 

17.  Boulanger’s  Pradllcal  Geometry  enlarged,  &c ; 

1 2 mo,  1691. 

18.  Boulanger’s  treatife  on  the  Sphere  correaed  and 
enlarged ; i 2mo. 

Ozanam  has  alfo  the  following  pieces  In  the  yGiirnaf 
des  Si^anjans  : viz,  (i),  Demonfiratlon  of  this  theorem, 
that  neither  the  Sum  nor  the  Difference  of  two  Fourth 
Powers,  can  be  a P'ourtb  Power  ; Journal  of  May  1680. 
—(2),  Anfwer  to  a Problem  propofed  by  M.  Comiers  * 
Journal  of  Nov.  1 7,  1 68  1 (3),  Demonfiration  of  a 
Problem  concerning  Paife  and  Imaginary  Roots;  Jour- 
nal of  April  .2  and  9,  1685.— (4),  Method  of  finding 
la  Numbers  the  Cubic  and  SuHolid  Roots  of  a Binomial, 
when  it  has  one  ; Journal  of  April  9,  1691.  ^ 

Aifo  m tiie  Mtmoirei  de  Trevnux^  of  December  1 703 
he  has  this  piece,  viz,  Anfwer  to  certain  articles  of  Ob- 
jeffion  to  the  firfl  part  of  his  Algebra. 

And  lafily,  m the  Memoirs  of  the  Academy  of  Sci- 
ences,^ of  1^707,  he  has  Obleivations  on  a Problem  of 
Spherical  I'rigonometry, 
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PA.GAN  (Blaise  Francois  Comte  de),  an 
eminent  French  mathematician  and  engineer,  was 
born  at  Avignon  in  Provence,  1604;  and  took  to  the 
profellion  of  a foldier  at  14  years  of  age.  In  1620  he 
was  employed  at  the  liege  of  Caen,  in  the  battle  of 
Pont  de  Ce,  and  the  redudtioii  of  the  Navareins,  and 
the  reli;  of  Bearn  ; where  he  fignalized  himfelf,  and  ac- 
quired a reputation  far  above  his  years.  Fie  was  pre- 
fent,in  1621,  at  the  fiege  of  St.  John  d’Angeli,  as  al- 
fo  that  of  Clarac  and  Montauban,  where  he  loft  an  eye 
by  a miillvet-lliot.  After  this  time,  there  happened 
neither  ficge,  battle,  nor  any  other  occafioil,  in  which 
he  did  not  lignalize  himfelf  by  forne  effort  of  courage 
and  condudt.  At  the  paffage  of  the  Alps,  and  the 
barricade  of  Suza,  he  put  himfelf  at  the  head  of  the 
Forlorn  Hope,  compofed  of  the  braved  youths  among 
the  guards  ; and  undertook  to  arrive  the  lirft  at  the  at- 
tack, by  a private  way  which  was  extremely  dangerous ; 
when,  having  gained  the  top  of  a very  fteep  mountain, 
he  cried  out  to  his  followers,  ‘‘  ff'here  lies  the  way  to 
glory  ! Upon  which,  hiding  along  this  mountain, 
they  came  firlt  to  the  attack  ; wdien  immediately  com- 
mencing a furious  onfet,  and  the  array  coming  to  their 
affiltance,  they  forced  the  barricades.  When  the  king 
laid  fiege  to  Nancy  in  1633,  Pagan  attended  him,  in 
drawino;  the  lines  and  forts  of  circumvallation.' — In 
1 642  he  was  lent  to  the  fervice  in  Portugal,  as  field- 
marhial  ; and  the  fame  year  he  unfortunately  loft  the 
fight  of  his  other  eye  by  a diftemper,  and  thus  became 
totally  blind. 

But  though  he  was  thus  prevented  from  ferving  his 
country  with  his  condudl  and  courage  in  the  field,  he 
refumed  the  vigorous  ftudy  of  fortification  and  the  ma- 
thematics ; and  in  1645  gave  the  public  a treatife 
on  the  former  fubjedf,  which  was  elteemed  the  beft  ex- 
tant.— In  1651  he  puliliflied  his  Geometrical  Theorems^ 
which  fhewed  an  extenfive  and  critical  knowledge  of 
Iiis  fubjedt. — In  1 655  he  printed  a Paraphrafc  of  the  Ac- 
count of  the  River  of  Amazons ^ by  father  de  Rennes ; 
and,  though  blind,  it  is  find  he  drew  the  chart  of  the 
river  and  the  adjacent  parts  of  the  country,  as  in  that 
work. — In  1657  he  publifiied  The  Pheory  of  the  Pla- 
netSy  cleared  from  that  multiplicity  of  eccentric  cycles 
and  epicycles,  which  the  aftronomers  had  invented  to 
explain  their  motions.  This  work  diftinguifiied  him 
among  aftronomers  as  much  as  that  of  Fortification  had 
among  engineers.  And  in  1658  he  printed  h.\s  Afro- 
nomical  Tables,  which  are  plain  and  fuccindf. 

Few  great  men  are  without  fome  foible : Pagan’s  was 
that  of  a prejudice  in  favour  of  judicial  aftrology  ; and 
though  he  is  more  referved  than  moft  others  on  that 
head,  yet  we  cannot  place  what  he  did  on  that  fubjedt 
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among  thofe  productions  which  do  honour  to  his  un- 
derftanding.  He  was, beloved  and  refpecled  by  all  per- 
fons  illuftrious  for  rank  as  well  as  fcience;  and  his  houfe 
was  the  rendezvous  of  ail  the  polite  and  learned  both  in 
city  and  court. — Fie  died  at  Paris,  univerfally  regret- 
ted, Nov.  18,  1665. 

Pagan  had  an  iiniverfal  genius  ; and,  having  turned 
his  attention  chiefly  to  the  art  of  war,  and  particularly 
to  the  branch  of  Fortification,  he  made  extraordinary 
progrefs  and  improvements  in  it.  He  underftood  ma- 
thematics not  only  better  than  is  ufual  for  a gentleman 
whofe  view  is  to  pufh  his  fortune  in  the  army,  but  even 
to  a degree  of  perfedlion  fuperior  to  that  of  the  ordi- 
nary mafters  who  teach  that  fcience.  He  had  fo  par- 
ticular a genius  for  this  kind  of  learning,  that  he  ac- 
quired it  more  readily  by  meditation  than  by  reading 
authors  upon  it ; and  accordingly  he  Ipent  lefs  time  in 
fuch  books  than  he  did  in  thofe  of  hiftory  and  geogra- 
phy, He  had  alfo  made  morality  and  politics  his  par- 
ticular ftudy  ; fo  that  he  may  be  faid  to  have  drawn 
his  own  characler  in  his  Homme  Herofque,  and  to  have 
been  one  of  the  completeft  gentlemen  of  his  time.— 
Having  never  married,  tl  at  branch  of  his  family,  which 
removed  from  Naples  to  PVance  in  1552,  became  extinct 
in  his  perfon. 

PALILICUM,  the  fame  as  Aldebaran,  a fixed  ftar 
of  the  firft  magnitude,  in  the  eye  of  the  Bull,  or  fign 
Taurus. 

PALISADES,  or  Palisadoes,  in  Fortification, 
flakes  or  fmall  piles  driven  into  the  ground,  in  various 
fitiiations,  as  fome  defence  againft  the  furprize  of  an 
enemy.  They  arc  ufually  about  6 or  7 inches  fquare, 
and  9 or  10  feet  long,  driven  about  3 feet  into  the 
ground,  and  6 inches  apart  from  each  other,  being 
braced  together  by  pieces  nailed  acrofs  them  near  the 
tops  ; and  fecured  by  thick  polls  at  the  diftance  of 
every  4 or  7 yards. 

Palisades  are  placed  in  the  covert-way,  parallel  to 
and  at  3 feet  diftance  from  the  parapet  or  ridge  of  the 
glacis,  to  fecure  it  againft  a furprize.  They  are  alfo 
ufed  to  fortify  the  avenues  of  open  forts,  gorges,  half- 
moons, the  bottomiS  of  ditches,  the  parapets  of  covert- 
w'ays  ; and  in  general  all  places  liable  to  furprize,  and 
eafy  of  accefs. 

Palisadoes  are  ufually  planted  perpendicularly; 
though  fome  make  an  angle  inclining  out  towards  the 
enemy,  that  the  ropes  call  over  them,  to  tear  them  up, 
may  flip. 

PALLADIO  (Andrew),  a celebrated  Italian  ar- 
chitedl  in  the  1 6th  century,  was  a native  of  Vicenza  in 
Lombardy,  and  the  difciple  of  Triffin,  a learned  man, 
who  was  a Patrician,  or  Roman  Kobleman,  of  the  fame 
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town  of  Vicenza.  Palladio  was  one  of  tliofe,  who  la- 
boured particularly  to  reftore  the  ancient  beauties  of 
architeelure,  and  contributed  greatly  to  revive  a true 
tafte  in  that  art.  Having  learned  the  ])rinciples  of  it,  he 
went  to  Rome  ; where,  applying  himfelf  with  great  di- 
ligence to  ftudy  the  ancient  monuments,  he  entered  into 
the  fpirit  of  their  architedls,  and  poffeiTed  himfelf  with 
all  their  beautiful  ideas.  This  enabled  him  to  reftore 
their  rules,  which  had  been  corrupted  by  the  barba- 
rous Goths.  He  made  exadt  drawings  of  the  princi- 
pal works  of  antiquity  w’hich  were  to  be  met  with  at 
Rome  ; to  which  he  added  Commentaries ^ which  went 
through  feveral  impreftions,  with  the  ilgurcs.  This, 
though  a very  iifeful  work,  yet  is  gicatly  exceeded  by 
the  four  books  of  architeclurc,  which  lie  publilhed  in 
1570.  The  laft  book  treats  of  the  Roman  temples,  and 
is  executed  in  fuch  a manner,  as  gives  him  the  preference 
to  all  his  predeceflbrs  upon  that  fnbjeft.  It  was  tranf- 
lated  into  french  by  Roland  Frlatt,  and  into  Englifli 
by  feveral  authors.  Inigo  Jones  wrote  feme  excellent 
rem.arks  upon  it,  which  were  publilhed  in  an  edition 
of  Pctlla  dio  by  Teoni,  1742,  in  2 volumes  folio. 

PALLETS,  in  Clock  and  Watch  Work,  are  thofe 
pieces  or  levers  which  are  connedted  with  the  pendu- 
lum or  balance,  and  receive  the  immediate  impulfe  of 
the  fv/ing-wheel,  or  balance-wheel,  fo  as  to  maintain 
the  vibrations  of  the  pendulum  in  clocks,  and  of  the 
balance  in  watches. — The  Pallets  in  all  the  ordinary 
conftrudtions  of  clocks  and  watches,  are  formed  on  the 
verge  or  axis  of  the  pendulum  or  balance,  and  are  of 
various  lengths  and  fliapes,  according  to  the  conftruc- 
tlon  of  the  piece,  or  the  fancy  of  the  artlft. 

PALIjIFIC Aft'ION,  or  Piling,  in  Arcliitedture, 
denotes  the  piling  of  the  ground-work,  or  the  ftrength- 
ening  It  with  piles,  or  timber  driven  into  the  ground  ; 
which  is  pradtifed  when  buildings  are  erected  upon  a 
moift  or  marfhy  foil. 

PALLISADES.  See  Palisades. 

PALM,  an  ancient  long  meafure,  taken  from  the 
extent  of  the  hand. 

The  Roman  Palm  w’-as  of  two  kinds : the  great 
Palm,  taken  from  the  length  of  the  hand,  anfwered 
to  our  fpan,  and  contained  12  lingers,  digits,  or  fingers 
breadths,  or  9 Roman  inches,  equal  to  about  Eng- 
lilh  inches.  The  fmall  Palm,  taken  from  the  breadth 
of  the  hand,  contained  4 digits  or  lingers,  equal  to 
about  3 Englifti  inches. 

The  Greek  Palm,  or  F)oron,  was  alfo  of  tAvo  kinds, 
he  fmall  contained  4 fingers,  equal  to  little  more 
than  3 inches.  The  great  Palm  contained  5 fingers. 
The  Greek  double  Palm,  called  Dichas,  contained  alfo 
in  proportion. 

The  Modern  Palm  is  different  in  different  ])laces 
where  it  is  ufed.  It  contains, 


At  Rome 

At'Naples,  according  to  Riccioli, 
Ditto,  according  to  others, 

At  Genoa 

At  Morocco  and  Fez 


Inc.  Lines 
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I.anguedoc,  and  fome  other  parts  of  France,  9 
The  Englifh  Palm  is  - - 

PALM-SUNDAY,  the  laft  Sunday  in  Lent,  or 
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the  Sunday  next  before  Eafter-Day.  iSo  .called,  from 
the  primitive  days,  on  account  of  a pious  ceremony 
then  in  life,  of  bearing  Palms,  in  memory  of  the 
triumphant  entry  of  jefus  Chrift  into  Jerufalem,  eight 
days  before  the  feaft  of  the  palfover. 

PAPPUS,  a very  emJnent  Greek  mathematician  of 
Alexandria  towards  the  latter  part  of  the  4th  century, 
particularly  mentioned  by  Suidas,  who  fays  he  ftouriftied 
under  the  emperor  Theodofiirs  the  Gieat,  who  reigned 
from  the  year  379  to  395  of  Chrift.  His  writings 
fliew  him  to  have  been  a conlummate  mathematician. 
Many  of  his  works  are  loft,  or  at  leall  liave  not  yet 
been  difeovered.  Snidas  mentions  feveral  of  his  Avorks, 
as  alfo  Voftius  de  SnenUis  A'laihemafias.  The  principal 
of  thefe  are,  his  Afalhematical  CoUcdf  'wns y in  8 books, 
the  firlt  and  paVt  Ol  the  fecond  being  loft.  He  wrote 
alfo  a Comi^ienfary  upon  Ptnlvwy's  yJImagsJ} ; an  Uvreer^ 
fal  Chorography  ; Defcription  of  the  Rovers  of  Ulya  / 
A I reatife  of  jMihtary  JLngmes  ; Commentaries  upon 
Arijlarcl'us  oj  Samos,  cnnccrning  the  Magnitude  and  Dif^ 
tance  of  the  Sun  and  Moon  ; d'c.  Of  tln  fe,  there  have 
been  publillied,  I he  Mathematical  Colledfions,  in  a 
Latin  tranflation,  Avith  a laige  Commentary,  by  Com- 
mandine,  in  folio,  1588  ,;  and  a fecond  edition  of  the 
fame  in  1660.  In  (644,  Meifenne  exhibited  a kind 
of  abridgment  of  them  in  his  Synopfis  Mathematica, 
in  4to  : blit  this  contains  only  fuch  propofitions  as 
eoLiid  be  underftood  Avithout  figures.  In  1655,  Mei- 
bomiiis  gave  fome  of  the  I..emmata  of  the  7th  book, 
in  his  Dialogue  upon  Proportions.  In  1688,  Dr.  Wallis 
printed  the  Tall  12  propofitions  of  the  2d  book,  at  the 
end  of  liis  Arllhirehus  Saiiiius.  In  1703,  Dr.  David 
Gregory  gave  part  of  the  preface  of  the  7th  book,  in 
the  Prolegomena  to  his  Euclid.  And  in  1706,  Dr. 
Halley  gave  that  Preface  entire,  in  the  beginnino*  of  his 
A}mlluiiius. 

As  the  contents  of  the  principal  work,  the  Mathe. 
matlcal  Collecftions,  are  exceedingly  curious,  and  no 
account  of  them  having  ever  a]>peared  in  Englifti,  I 
fhall  here  give  a very  brief  analyfts  of  thole  books, 
extraded  from  my  notes  upon  this  author. 

Oj  the  ‘Third  Book — The  fubjects  of  the  third  book 
coniift  chiefly  of  three  principal  problems ; for  the  folu- 
tioii  of  which,  a great  many  other  problems  are  refolved, 
and  theorems  demonftrated.  The  firft  of  thefe  three 
problems  is,  lo  iind  I avo  hlean  Proportionals  betAveen 
tAvo  given  lines — The  2d  problem  is,  To  find,  Avhat 
are  called,  three  Medietates  in  a femicircle  ; Avbere,  by 
a hledictas  is  meant  a let  of  three  luies  m continued 
proportion,  AAhellicr  arithmetical,  or  geometrical,  or 
harmonica!  ; lo  that  to  find  three  medietates,  is  to  find 
an  arithmetical,  a geometrical,  and  an  harmonical  fet 
of  three  terms  each.  And  the  third  problem  is,  From 
fome  points  in  the  bafe  of  a triangle,  to  draAv  tAvo  lines 
to  meet  in  a point  within  the  triangle,  fo  that  their 
liim  fhall  be  gi eater  than  the  fum  of  the  other  Iavo  lides 
aaIucIi  are  without  them.  A great  many  curious  proper- 
ties are  premifed  to  each  of  thefe  problems  ; then  their 
folutions  are  given  according  to  the  methods  ol  feveral 
ancient  mathematicians,  Avith  an  hiliorical  account  of 
them,  and  his  own  demonllrations ; and  lallly,  their 
applications  to  Aaiiou.s  matters  ol  great  importance. 

In  his  hiltorieal  anecdotes,  many  curious  things  are 
preferved  concerumg  mathematicians  that  were  ancient 
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even  in  his  time,  v/hich  we  ilioiild  otherwife  have 
known  nothing  at  all  about^ 

In  order  to  the  folution  of  the  firil  of  the  three 
problems  above  mentioned,  he  begins  by  premifiag  four 
general  theorems  concerning  proportions.  Then  iol- 
lows  a dilTertation  on  the  nature  and  divifion  of  pro- 
blems by  the  Ancients,  into  Plane,  Solid,  and  Linear, 
with  examples  of  them,  taken  out  of  the  writings  of 
IfratGilhenes,  Philo,  and  Hero.  A folution  is  then 
given  to  the  problem  concerning  two  mean  proportiom- 
als,  by  four  different  ways,  namely  according  to  Era- 
4;olthenes5  Nicomedes,  rlero,  and  after  a way  of  his 
own,  in  which  he  not  only  doubles  the  cube,  but  alfo 
finds  another  cube  in  any  proportion  whatever  to  a 
given  cube. 

For  the  iolution  of  the  fecond  problem,  he  lays  down 
very  curious  definitions  and  properties  of  'inedietates  of 
all  forts,  and  ihews  how  to  find  them  all  in  a great  va- 
riety of  cafes,  both  as  to  what  the  Ancients  had  done  in 
them,  and  what  was  done  by  others  whom,  he  calls 
the  Moderns.  Medietas  feems  to  have  been  a general 
term  invented  to  exprefs  three  lines,  having  eitlier  an 
arithmetical,  or  a gcomietrical,  or  an  harmonical  rela- 
tion ; for  the  words  proportion  (or  ratio),  and  ana- 
logy  (or  fimilar  proportions),  are  reftridled  to  a geo- 
metrical relation  only.  But  he  lliews  how  all  the  me- 
dietates  may  be  expreffed  by  analogies. 

The  folution  of  the  3d  problem  leads  Pappus  out 
into  the  conlideration  of  a number  of  admirable  and 
feemingly  paradoxical  problems,  concerning  the  infledf- 
ing  of  lines  to  a point  within  triangles,  quadrangles, 
and  other  figures,  the  fiim  of  which  lliail  exceed  the 
ium  of  the  furrounding  exterior  lines. 

Finally,  a number  of  other  problems  are  added,  con- 
cerning the  infeription  of  all  the  regular  bodies  within 
a fphere.  The  whole  being  effedfed  in  a very  general 
and  pure  mathematical  way;  making  all  together  58 
propofitions,  viz,  44  problems  and  14  theorems. 

Of  the  A^th  Book  of  Pappus. — In  the  4th  book 
are  firft  premifed  a number  of  theorems  relating  to  tri- 
angles, parallelograms,  circles,  with  lines  in  and  about 
circles,  and  the  tangencies  of  various  circles : all  pre- 
paratory to  this  curious  and  general  problem,  viz,  rela- 
tive to  an  infinite  feries  of  circles  inferibed  in  the  fpace, 
called  apCeAov,  arheloUi  contained  between  the  circum- 
ferences of  two  circles  touching  inwardly.  Where  it  is 
(hewn,  that  if  the  infinite  feries  of  circles  be  inferibed 
in  the  manner  of  this  fiift  figure,  where  three  femicircles 
are  deferibed  on  the  lines  PR,  PQ^ , QR,  and 


the  perpendiculars  Aa  Bh,  Cc,  &c,  let  fall  from 
the  centres  of  the  feries  of  inferibed  circles  5 then  the 


property  of  thefe  perpendiculars  is  this,  viz,  that  the 
firlt  perpendicular  Aa  is  equal  to  the  diameter  or 
double  the  radius  of  the  circle  A ; the  fecond  perpen- 
dicular equal  to  double  the  diam.eter  or  4 times 
the  radius  of  the  fecond  circle  B ; the  third  per- 
pendicular Cc  equal  to  3 times  the  diameter  or  6 
times  the  radius  of  the  third  circle  C , and  fo  on,  the 
feries  of  perpendiculars  being  to  the  ieries  of  the  dia- 
meters, as  I,  2,  3,  4,  &c,  to  I, 

or  to  the  feries  of  radii,  as  2,  4,  6,  8,  &c,  to  i. 

But  if  the  leveral  fmall  circles  be  inferibed  in  the 


manner  of  this  fecond  circle,  the  find  circle  of  the  fe- 
ries touching  the  part  of  the  line  QR  ; then  the  feries 
of  perpendiculars  Aa,  Bh,  Cc,  &c,  will  be  i,  3,  5,  7^. 
&c,  times  the  radii  of  the  circles  A,  B,  C,  D,  6cc  ; 
viz,  according  to  the  feries  of  odd  numbers  ; the  former 
proceeding  by  the  feries  of  even  numbers. 

He  next  treats  of  the  Helix,  or  Spiral,  propofed  by 
Conon,  and  refoived  by  Archimedes,  demonifrating  its 
principal  properties  : in  the  demonhration  of  forae  of 
which,  he  makes  ufe  of  the  fame  principles  as  Cavalle- 
rius  did  lately,  adding  together  an  infinite  number  of  in- 
finitely fhort  parallelograms  and  cylinders,  which  he  im.a- 
gines  a triangle  and  cone  to  be  compoied  of. — He  next 
treats  of  the  properties  of  the  Conchoid  which  Nico- 
medes invented  for  doubling  the  cube  ; applying  it  to 
the  folution  of  certain  problems  concerning  Inclina- 
tions, with  the  finding  of  tv/o  mean  proportionals,  and- 

cubes  in  any  proportion  whatever. Then  of  the 

or  Quadratrix,  fo  called  from  its  ufe 
in  Iquanng  the  circle,  for  wFich  purpofe  it  v^as  invented 
and  employed  by  Hiiioftratus,  Nicomedes,  and  others  : 
the  ufe  of  which  how'ever  he  blames,  as  it  requires 
poftulates  equally  hard  to  be  granted,  as  the  problem 
itfelf  to  be  deinonilrated  by  it. — Next  he  treats  of 
Spirals,  defenbed  on  planes,  and  on  the  convex  furfaces 
of  various  bodies. — From  another  problem,  concerning  • 
Inclinations,  ne  there  fliews,  how  to  trifedf  a given 
angle  ; to  defcribe  an  hyperbola,  to  two  given  afymp- 
totes,  and  palling  through  a given  point;  to  divide  a 
given  arc  or  angle  in  any  given  ratio  ; to  cut  off  arcs 
of  equal  lengths  from  unequal  circles  ; to  take  arcs 
and  angles  in  any  proportion,  and  arcs  equal  to  right 
lines  ; with  parabolic  and  hyperbolic  loci,  which  lad: 
is  one  of  the  inclinations  of  Archimedes. 

Of  the  ^th  Booh  of  Pappus. — This  book  opens  with 
refteclions  on  the  different  natures  of  men  and  brutes, 
the  former  adting  by  reafon  and  demonffration,  the 
latter  by  inflindi,  yet  fome  of  them  with  a certain 
portion  of  reafon  or  forefight,  as  bees,  in  the  curious 
Rrudture  of  their  cells,  which  lie  obferves  are  of  fuch 
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f,  form  as  to  complete  the  fpace  quite  around  a point, 
and  yet  require  the  leaft  materials  to  build  them,,  to 
ccntain  the  fame  quantity  of  honey.  He  fhews  that 
the  triangle,  fquarc,  and  hexagon,  are  the  only  regu- 
lar polygons  capable  of  filling  the  whole  fpace  round  a 
point ; and  remarks  that  the  bees  have  chofen  the  fitteft 
of  theie  ; proving  afterwards,  in  the  propofitions,  that 
of  all  regular  figures  of  the  fame  perimeter,  that  is  of 
the  largefi:  capacity  which  has  the  great  eft  number  of 
fidcs  or  angles,  and  confequently  that  the  circle  is  the 
molt  capacious  of  all  figures  whatever. 

And  thus  he  finiihes  this  curious  book  on  Ifoperi- 
rnetrical  figures,  both  plane  and  folid  ; in  which  miany 
curious  and  important  properties  are  ftridtly  demon- 
ftrated,  both  of  pianes  ana  fohds,  fom.e  of  them  being 
old  in  his  time,  and  many  new  ones  of  his  own.  In 
fa6f,  it  feems  he  has  here  brought  together  into  this 
book,  all  the  properties  relating  to  ifoperimetrical 
figures  then  known,  and  their  different  degrees  of  ca- 
pacitju  In  the  laft  theorem  of  the  book,  he  has  a dif- 
fertation  to  fliew,  that  there  can  be  no  more  regular 
bodies  befide  the  five  Platonic  ones,  or,  that  only  the 
regular  triangles,  fquares,  and  pentagons,  will  form  re- 
gular folid  angles. 

Qj  the  6th  Book  of  Pappus, — In  this  book  he  treats 
of  certain  iphencal  properties,  which  had  been  either 
neglefied,  or  improperly  and  imperfectly  treated 

by  fome  celebrated  authors  before  his  time. 

Such  are  fome  things  in  the  3d  book  of  Theodofius’s 
Spherics,  and  in  his  book  on  Hays  and  Nights,  as  alfo 
fome  in  Euclid's  Phenomena.  For  the  fake  of  thefe, 
he  pi'cmifes  and  intermixes  many  curious  geometrical 
properties,  efpeciaily  of  circles  ot  the  fphere,  and  fphe- 
rical  triangles.  He  adverts  to  fome  curious  cafes  of 
variable  quantities;  fhewing  how  fome  increafe  and  de- 
creafe  botn  ways  to  infinity  ; while  others  proceed 
only  one  way  by  increafe  or  decreafe,  to  infinity,  and 
the  other  way  to  a certain  magnitude;  and  others 
again  both  ways  to  a certain  ma.gnitude,  giving  a maxi- 
niurn  and  minimum. — Here  are  alfo  fome  curious  pro- 
perties concerning  the  perfpectlve  of  the  circles  of  the 
fphere,  and  of  other  lines.  Alfo  the  locus  is  deter- 
mined of  ail  the  points  from  whence  a circle  may  be 
viewed,  fo  as  to  appear  an  ellipfe,  whofe  centre  is  a 
given  point  within  the  circle  ; which  locus  is  Ihewn  to 
be  a femicircle  paifing  through  that  point. 

Of  the^  ']th  Book  oj  Pappus, — In  the  intn'idudiion  to 
this  book,  he  deicribes  very  particularly  the  nature  of 
the  mathematical  compolition  and  refolution  of  the  ^ 
Ancients,  diiimguilhing  the  particular  procefs  and  iifes 
of  them,  in  the  demonilrarion  of  theorems  and  folutioii 
of  problems.  Pie  then  enumerates  all  tlie  analytical 
hooks  of  tiie  A.ncients,  or  thofe  proceeding  by  refo- 
lution, which  he  does  in  the  following  order,  viz,  lit, 
Euclid  s Hata,  in  one  book  : 2d,  A.polIonlus’s  Sec- 
tion of  a Ratio,  2 books  : 3d,  his  Sedlion  of  a Space, 

2 books  ; 4th,  his  Tangencies,  2 books  ; 5th,  Euclid’s 
Porifms,  3 books  ; 6th,  Apollonius’s  Inclinations, 

2 books : 7th,  his  Plane  Loci,  2 books:  8th,  his 
Comes,  8 books  : 9th,  Ariftasus’s  Solid  Loci,  5 books  : 
toth,  Euclid’s  Loci  m Superficies,  2 books;  and  i ith, 
Eratoilheiies’s  Medietates,  2 books.  So  that  all  the 
books  are  31,  the  arguments  or  contents  of  which 
he  exhibits,  with  the  number  of  the  Loci,  determina- 


tions, and  cafes,  ; with  a multitude  of  lemmas  and 
propofitions  laid  down  and  demon (Irated  ; the  whole 
making  238  propofitions,  of  the  moil  ciirious  geo- 
metrical principles  and  properties,  relating  to  thofe 
books. 

Of  the  Sth  Book  of  Pappus, — The  8th  book'  is  alto- 
gether on  Mechanics.  It  opens  with  a general  oration 
on  the  fubjeft  of  mechanics  ; defining  the  fcience^  enu- 
merating the  different  kinds  and  branches  of  it,  and 
giving  ail  account  of  the  chief  authors  and  writings 
on  it.  After  an  account  of  the  centre  of  gravity,  upon 
which  the  fcience  of  m.cchanic-s  fo  greatly  depends,  he 
fiiews  m the  firff  propolition,  that  fiich  a point  really 
exiils  in  all  bodies.  Some  or  tae  following  propofi- 
tions are  alfo  concerning  the  properties  of  the  centre 
of  gravity.  Pie  next  comes  to  the  Inclined  Plane,  and 
111  prop.  9,  fhews  what  power  will  draw  a given  weight  up 
a given  inclined  plane,  when  the  power  is  given  which 
can  draw  the  weight  along  a horizontal  plane.  In  the 
lotn  prop,  concerning  the  mioving  a given  weight 
with  a given  power,  he  treats  of  what  the  Ancients 
called  a Llofiocomum,  which  is  nothing  more  than  a 
fenes  of  M'hcels-and-axles,  m any  proportions,  turnim^ 
each  other,  till  we  arrive  at  the  given  power.  In  this 
propofition,  as  well  as  in  feverai  other  places,  he  refers 
to  fome  books  that  are  now  loft  ; as  Archimedes  otl 
the  Balance,  and  the  Mechanics  of  Piero  and  of  Philo. 
Then,  from  prop,  ii  to  prop.  19,  treats  on  various 
mifcellaneous  things,  as,  the  organical  confirudlion  of 
folid  problems  ; the  diminution  of  an  architedfural  co- 
lumn ; to  deferibe  an  ellipfe  through  five  given  points  ; 
to  find  the  axes  of  an  ellipfe  organically  ; to  find  alfo 
organically,  the  inclination  of  one  plane  to  another,  the 
neareft  point  of  a fphere  to  a plane,  the  points  in  a 
fplierical  furface  cut  by  lines  joining  certain  points,  and 
to  inferibe  ieven  hexagons  in  a given  circle.  Prop. 
20,  21,  22,  23,  teach  how  to  conffrHcff  and  adapt  the 
Tympani,  or  wheels  of  the  Glofibcomum  to  one  ano- 
ther, Ihewing  the  proportions  of  their  diameters,  the 
number  of  their  teeth,  &c.  And  prop.  24  fliews  how- 
to conffruA  the  fpiral  threads  of  a ferew. 

Pie  comes  then  to  the  Mechanical  Ponuers,  by 
^ushich  a given  <ioeight  is  moved  by  a given  power.  He  here 
propofes  briefly  to  fhew  what  has  been  laid  of  thefe 


powers,  by  Hero  and  Philo,  adding  alfo  fome  things  of 
his  own.  Their  names  are,  the  Axis-in-peritrochio, 
the  Lever,  Pulley,  Wedge  and  Screw  ; and  he  obferves, 
thofe_  authors  fhewed  how  they  are  all  reduced  to  one 
principle,  though  their  figures  be  very  different.  He 
then  treats  of  each  of  theie  powers  feparately,  givino- 
their  figures  and  properties,  their  coiiffrudlion  and 
ufes. 

He  next  deferibes  the  manner  of  drawing  very  heavy- 
weights along  the  ground,  by  the  machine  Chclone,, 
which  is  a kind  of  fledge  placed  upon  two  loofe  roll- 
ers, and  drawn  forwaid  by  any  power  whatever,  a third 
roller  being  always  laid  under  the  fore  part  of  the  Che- 
lone,  as  one  of  the  other  two  is  quitted  and  left  be- 
hind by  the  motion  of  the  Chelone.  In  faA  this,  is 
the  fame  machine  as  has  always  been  employed  upon 
many  occafions  in  moving  very  great  weio-hts  to  mode- 
Pinally, Pappus  deferibes  the  manner  of  railing  great 
weights  to  a height  by  tlie  conibiuatiou  of  mechanic: 

powers,, 
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pswers,  as  by  cranes,  and  other  machines ; illuftrating' 
tais,  and  the  iorniei  parts,  by  drawings  ot  the  maedmeg 
tirat  are  aeicribed. 

in  Geometry,  a figure  arifinn-  from 
the  ieCtion  oi  a cone,  wiiea  cut  by  a plane  par^iel  to 
one  ot  Its  tides,  as  the  ledtion  parallel  to  the  fide 

OI  the  cone,  bee  Conic  Sethons,  where  fome  ge- 
neral properties  are  given.  • 


Some  other  Properites  of  the  Parabola, 

1.  Prom  the  fame  point  of  a cone  only  one  Parabola 
can  be  drawn  ; all  the  other  fedions  between  the  Para- 
bola and  the  parallel  fide  of  the  cone  being  cllipfes,  and 
all  without  them  hyperbolas.  Alfo  the  Parabola  has 
but  one  focus,  throug'h  which  the  axis  AC  pafies  ; all 
the  other  diameters  being  parallel  to  this,  and  infinite 
in  length  alfo. 

2.  The  parameter  of  the  axis  is  a third  proportional 
to  any  abfeifs  and  its  ordinate  ; viz,  AC  : CD  : : CD  :p 
the  parameter.  And  therefore  if  ar  denote  any  abfeifs 
AC,  and  y the  ordinate  CD,  it  will  be  a:  •.  y i y :p  z=z 

— the  parameter ; or,  by  multiplying  extremes  and 

means,  px  ~ w'hich  is  the  equation  of  the  Para- 
bola. 

The  focus  F is  the  point  in  the  axis  where  the 
double  ordinate  GH  is  equal  to  the  parameter.  There- 
fore, in  the  equation  of  the  curve  px  =:  y'^,  taking 
p = 2y,  it  becomes  2yx  or  2x  ~ y,  that  is 

2AF  — PH,  or  AF  — l-FH,  or  the  focal  diftance 
from  a vertex  AF  is  equal  to  half  the  ordinate  there,  or 
= ^p,  one  Fourth  of  the  parameter. 

4.  The  afifcllfes  of  a Parabola  are  to  one  another, 
as  the  fquares  of  their  correfponding  ordinates.  This 
is^  evident  from  the  general  equation  of  the  curve 
px  y^,  where,  / being  conftant,  .v  is  as  y^. 

5.  The  line  PE  {fg-  2 above)  drawn  from  the  focus 
to  any  point  of  the  curve,  is  equal  to  the  fum  of  the 
focal  diftance  and  the  abfeifs  of  the  ordinate  to  that 
point;  that  is  PE  — FA  + AD  = GD,  taking 
AG  = AF  = ■^p.  Or  EF  is  always  = EO,  drawn 
parallel  to  DG,  to  meet  the  perpendicular  GO,  called 
the  Direftrix. 

6.  If  a line  TBC  cut  the  curve  of  a Parabola  in 
two  points,  and  the  axis  produced  in  T,  and  BFI 
and  Cl  be  ordinates  at  thofe  two  points  ; then  is  AT 
a mean  proportional  between  the  abfeifies  AH  and 
AI,  or  AT^  zr  AH  . AI  .—And  if  TE  touch  the 
curve,  then  is  AT  = AD  = the  mean  between  AH 
and  AI. 


7.  If  FE  be  drawn  from  the  focus  to  the  point  of 
contaif  of  the  tangent  I'E,  and  EK  perpendicular  to 
the  fame  tangent  ; then  is  F I’  — FE  = FK  ; and  the 
fubnormal  DK  equal  to  the  conilant  quantity  2AF 
or  4/* 

8.  The  diameter  EL  being  parallel  to  the  axis  AK, 
the  perpendicular  EK,  to  the  curve  or  tangent  at  E, 
bifedts  the  angle  LEF.  And  therefore  all  rays  of  light 
LE,  MN,  &c,  coming  parallel  to  'the  axis,  will  be 
refleded'into  the  point  F,  w'hich  is  therefore  called 
the  focus,  or  burning  point ; for  the  angle  of  incidence 
LEK  is  the  angle  of  rcfiedlion  KEF. 

9.  If  lEK  (next  fig,  helonv)  be  any  line  parallel  to 
the  axis,  limited  by  the  tangent  TC  and  ordinate  CKL, 
to  the  point  of  contadf  ; then  fnall  I FI  : EK  : : CK 
: KL.  And  the  fame  thing  holds  true  when  CL  is  alfo 
in  any  oblique  pofition. 


10.  The  external  parts  of  the  parallels  IE,  Tx\, 
ON,  PL,  &c,  are  always  proportional  to  the  fquarei 
of  their  intercepted  parts  of  the  tangent ; that  is, 
the  external  parts  IE  , TA  , ON  , PL  , 
are  proportional  to  Cl%  CT^  , CO^,  CP^, 
or  to  the  fquares  CK-,  CD^,  CM^,  CL^. 

And  as  this  property  is  common  to  every  pofition  of 
the  tangent,  if  the  lines  IE,  TA,  ON,  &c,  be  ap- 
pended to  the  points  I,  T,  O,  &c,  of  the  tangent,  and 
moveable  about  them,  and  of  fuch  lengths  as  that  their 
extremities  E,  A,  N,  &c,  be  in  the  curve  of  a Parabola 
in  any  one  pofition  of  the  tangent  ; then  making  the 
tangent  revolve  about  the  point  C,  the  extremities 
E,  A,  N,  <?<^c,  will  always  form  the  curve  of  fome  Pa- 
rabola, in  every  pofition  of  the  tangent. 

The  fame  properties  too  that  have  been  fliewn  of  the 
axis,  and  its  abfeiffes  and  ordinates,  &c,  are  true  of 
thofe  of  any  other  diameter.  All  which,  befides  many 
other  curious  properties  of  tlie  Parabola,  may  be  feeu 
demonftrated  in  my  Treatife  on  Conic  Sedfions. 

II.  Po  Gonjlridl  a Parabola  by  Points. 

In  the  axis  produced  take  AG  ~ AF  ( loft  fig.  above) 
the  focal  dillance,  and  draw  a number  of  lines  EE, 
EE,  dec,  perpendicular  to  the  axis  AD  ; then  with 
the  diftances  GD,  GD,  &c,  as  radii,  and  the  centre  F, 
deferibe  arcs  crofiing  the  parallel  oidinates  in  E,  E,  &c. 
Then  with  a fleady  hand,  or  by  the  fide  of  a flip  of  bent 
wLale-bone,  draw  the  curve  through  all  the  points 
E,  E,  E,  &c. 

12.  Po  deferibe  a Parabola  by  a continued  Motion* 

If  the  rule  or  the  diredlrix  BC  be  laid  upon  a plane, 
Ckft  A-  ^ elonu ) with  the  fquare  GDO,  in  fuch  man- 
ner that  one  of  its  fides  DG  lies  along  the  edge  of  that 
rule  ; and  if  the  thread  FMO  equal  in  lengtli  to  DO, 
the  other  fide  of  the  fquare,  have  one  ,end  fixed  in  the 
extremity  of  the  rule  at  O,  and  the  other  end  in  fome 
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point  F : Then  flicle  the  fide  of  the  fquare  DG  along 
the  rule  BC,  and  at  the  fame  time  keep  the  thread 
continually  tight  by  means  of  the  pin  M,  with  its  part 
MO  clofe  to  the  fide  of  the  fquare  DO  ; fo  (hall  the 
curve  AMX,  which  the  pin  defcribes  by  this  motion, 
be  one  part  of  a Parabola. 

And  it  the  fquare  be  turned  over,  and  moved  outlie 
other  fide  of  the  taxed  point  F,  the  other  part  of  the 
fame  Parabola  AMZ  will  be  defcribed. 


To  dra^jj  Tangents  to  the  Parabola, 

13.  If  the  point  of  contadl  C be  given  : (lajl  fg. 

ahcve)  draw  the  ordinate  CB,  and  produce  the  axis 
till  AT  be  xAB  ; then  join  TC,  which  will  be  the 
tangent.  , 

14.  Or  If  the  point  be  given  in  the  axis  produced  : 
Take  AB  — AT,  and  draw  the  ordinate  BC,  wTIch 
will  give  C the  point  of  contact  j to  which  draw  the  line 
TC  as  before. 

I 5.  If  p be  any  other  point,  neither  in  the  curve  nor 
in  the  axis  produced,  through  wdiich  the  tangent  is  to 
pafs:  Draw  DEG  perpendicular  to  the  axis,"” and  take 
DH  a mean  proportional  between  DE  and  DG,  and 
draw  PIC  parallel  to  the  axis,  fo  fiall  C be  the  point  of 
contaCr,  through  which  and  the  given  point  D the  tan- 
gent DCT  Is  to  be  drawn. 

16.  When  the  tangent  is  to  make  a given  angle  with 
the  ordinate  at  the  point  of  contad  : Take  the  abfcifs 
AI  equal  to  half  the  parameter,  or  to  double  the  focal 
diilance,  and  draw  the  ordinate  IE  : alfo  draw  AH  to 
make  with  A I the  angle  HAI  equal  to  the  given  angle; 
then  draw  HC  parallel  to  the  axis,  and  It  will  cut  the 
curve  in  C the  point  of  contadi,  where  a line  drawn  to 
make  the  given  angle  with  CB  will  be  the  tangent  re- 
quired. 

17.  To  find  the  Area  of  a Parabola.  Multiply  the 
bafe  EG  by  the  perpendicular  height  Al,  and  of  tlie 
produdl  will  be  the  area  of  the  fpace  AEGA  ; becaufe 
the  Parabolic  fpace  is  \ of  its  clrcumfcribing  parallelo- 
gram. 

18.  To  find  the  Length  of  the  Cuf've  AC,  commenclnfi- 
at  the  vertex. — Lety  “ the  ordinate  BC,  75  = the  pa^ 
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X {qs  + hyp.  log.  of  y + j)  be  the  length  of  the 
curve  AC. 

See  various  other  rules  for  the  areas,  and  lengths  of 
the  curve,  &c,  in  my  Treatife  on  Menfuration,  fee.  6, 
&;c,  2d  edition. 

Parabolas'^  the  Higher  Kinds,  are  algebraic 

curves,  defined  by  the  general  equation  ~ y”; 


that  is,  either  rjAv  = y^,  or  a^x  ~ y^,  or  — y^^ 
&c. 

I 

Some  call  thefe  by  the  name  of  Paraboloids : and  in 
particular,  Uad-x  = yL  they  call  It  a Cubical  Paraboloid; 
if  =y^,  they  call  it  a Biquadratical  Paraboloid,  or 
a Surfolid  Paraboloid.  Iiirefpedtof  thefe,  the  Parabola 
of  the  Firll  Kind,  above  explained,  they  call  the  Apol- 
lonian, or  Q_uadratic  Parabola. 

Thofe  curves  are  alfo  to  be  referred  to  Parabolas,  that 

are  expreiTed  by  the  general  equation  ax  ^ = y^  ^ 
where  the  indices  of  the  quantities  on  each  fide  are 
equal,  as  before  ; and  thefe  are  called  Semi-Parabolas  : 
as  ax^  the  Scmi-Ciibical  Parabola;  or  ax^  = y^ 

the  Seml-Biquadratical  Parabola  ; &c. 

They  are  all  comprehended  under  the  moregeneral  equa- 

. m n m -f-  n 

tion  a X = y ^ where  the  two  indices  on  one 
fide  are  Hill  equal  to  the  index  on  the  other  fide  of 
the  equation  ; whicii  incluQe  both  the  former  kinds 
of  equations,  a*s  well  as  inch  as  thefe  following  ones, 
a^x'^  = y'^,  or  a\x^  or  ahx^  = yT^  8cc. 

Cartefian  Parabola,  is  a cuiwe  of  the  2d  order 
exprefied  by  the  equation 

xy  = ax^  + bx'^  -f-  cX  T d, 
coatakiing  four  infinite  legs,  viz  two  hyperbolic  ones 


MM  and  Bw,  to  the  common  afymptote  AE,  tendfnm 
contrary  ways,  and  two  Parabolic  legs  MN  and  DN 
joining  them,  being  NewtoiPs  66rh  fpecies  of  lines  of 
the  3d  order,  and  called  by  him  a Trident.  It  Is  made 
uie  of  by  Des  Cartes  in  the  3'd  book  of  his  Geome- 
try, for  finding  the  roots  of  equations  of  6 dlmenfions^ 
by  means  of  its  interfedfions  witli  a circle.  Its  molt 
fimple  equation  is  xy  = -f-  g^.  And  points  througfi’ 

which  It  is  to  pafs  may  be  eafily  found  by  means  of  a 
common  Parabola  whofe  abfcifs  is  -{-  bx  + r,  and 

an  hypei  bola  whofe  ablcifs  is  — ; for  y will  be  equal 

to  the  fum  or  difference  of  the  correlponding  ordinates 
of  this  Parabola  and  hyperbola. 

P^cs  Cartes,  m the  place  abovementioned,  Ihews  how 
to  deferibe  this  curve  by  a continued  motion.  And 
Mr.  Maclaurin  does  the  fame  thing  in  a different  way, 
in  his  Organica  Geometria.  ’ 

Diverging  Parabola,  is  a name  given  by  Newton 
to  a fpecies  of  five  different  lines  of  the  3d  order,  ex- 
preffed  by  the  equation  ’ 

cr  ax^  T bx^  4-  4-  d. 
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Tl'iG  uvfl  is  a bell-form  Parabola,  with  an  oval  at  its 
head  {fg>  i‘)  5 which  is  the  cafe  when  the  equation 
o ax^  + hx-  cx  4*  //,  lias  three  real  and  unequal 
roots  ; fo  that  one  of  the  moil  fimple  equations  ot  a 
curve  of  this  kind  is  j?y"  -f 
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The  2d  is  alio  a hell-form  Parabola,  witli  a con- 
jugate point,  or  iniiniteiy  fmall  oval,  at  tlie  head 
\fig.  I.)  ; being  the  cafe  when  the  equation  o — 
ax^  'f  d“  Av  + d has  its  two  lefs  roots  equal ; the 
moil  iimple  equation  of  which  =:  -f  ax'^. 

The  third  is  a Parabola,  with  two  diverp-inp'  legs, 
croffiRg  one  another  like  a knot  {fg.  2.)  ; which 
liappens  when  the  equation  o rr:  ax'^  4-  bx"^  4-  cx  4-  d 
has  its  two  greater  roots  equal ; the  more  fimple  equa- 
tion being  py'^  ^ -f 

The  fourth  a pure  bell-form  Parabola  [Jig.  3.)  ; 
being  the  cafe  when  o = ax^  + bx'^  cx  d has 
two  imaginary  roots  ; and  its  moil  fimple  equation  is 
py"^  — a'3  or  py"^  = -p  ^2,^, 

The  fifth  a Parabola  with  two  diverging  legs,  form- 
ing at  their  meeting  a cufp  or  double  point  [Jg.  4) ; 
being  the  cafe  when  the  equation  o = ax^  4 bx’^  4-  cx 
4-  d has  three  equal  roots ; fo  that  py"^  = is  the  mofl 
Iimple  equation  of  this  curve,  which  indeed  is  the  Semi- 
cubical,  or  Neilian  Parabola. 

If  a folid  generated  by  the  rotation  of  a femi-cubi- 
cal  Parabola,  about  its  axis,  be  cut  by  a plane,  each 
of  thefe  five  Parabolas  will  be  exhibited  by  its  fedtions. 
For,  when  the  cutting  plane  is  oblique  to  the  axis,  but 
fails  below  it,  the  fedlion  is  a diverging  Parabola,  with 
an  oval  at  its  head.  When  oblique  to  the  axis,  but 
paffes  thiough  the  vertex,  the  fedlion  is  a diverging 
Parabola,  having  an  infinitely  fmall  oval  at  its  head. 
When  the  cutting  is  oblique  to  the  axis,  falls  below  it, 
and  at  the  fame  time  touches  the  curve  furface  of  the 
folid,  as  well  as  cuts  it,  the  feftion  is  a diverging  Pa^^ 
rabola,  wnth  a nodus  or  knot.  When  the  cutting 
plane  falls  above  the  vertex,  either  parallel  or  oblique 
to  the  axis,  the  fedlion  is  a pure  diverging  Parabola. 
And  laflly  when  the  cutting  plane  paffes  through  the 
axis,  the  fcaion  is  the  femi-cubical  Parabola  from 
which  the  folid  was  generated. 

PARABOLIC  Afymptote,  is  ufed  for  a Parabolic 
line  approaching  to  a curve,  fo  that  they  never  meet ; 

6 


yet  by  producing  both  indefinitely,  their  diflance  from 
each  other  becomes  lefs  than  any  given  line. 

There  may  be  as  many  different  kinds  of  thefe 
Afymptotes  as  there  are  parabolas  of  different  orders. 
Vfhen  a curve  has  a common  parabola  for  its  Afymp- 
tote,  the  ratio  of  the  fabtangent  to  the  abfeifs  ap>- 
proaches  continually  to  the  ratio  of  2 to  i,  when  the 
axis  of  the  parabola  coincides  with  the  bafe  5 but  this 
ratio  of  the  fabtangent  to  the  abfeifs  approaches  to 
that  of  I to  2,  when  the  axis  is  perpendicular  to  the 
bafe.  And  by  obferving  the  limit  to  which  the  ratio 
of  the  fubtangent  and  abfeifs  approaches,  Parabolic 
Afymptotes  of  various  kinds  may  be  difcovered.  See 
Maclaurin’s  Fluxions,  art.  337. 

Parabolic  Corioid,  is  a folid  generated  by  the  rota- 
tion of  a parabola  about  its  axis. 

This  folid  is  equal  to  half  its  circumfcribed  cylinder; 
and  tlierefore  if  the  bafe  be  multiplied  by  the  height, 
half  the  pirodu^l  will  be  the  folid  content. 

"To  find  the  Curve  Surface  of  a Paraboloid. 

Let  BAD  be  the  generating  parabola,  AC  r= 
AT,  and  BT  a tangent  at  B. 

Put p ~ 3‘  1416,  y = BC,  X — AC 

— AT,  and  t = BT  = ^x^  -j-y^  ; 


then  is  the  curve  furface 
tt 


‘.ay  X 
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See  various  other  rules  and  geo- 
metrical conllrudtions  for  the  fur- 
faces  and  folidities  of  Parabolic  Conoids,  in  my  Meu- 
furation,  part  3,  fe6l.  6,  2d  edition. 

Parabolic  Pyramldoidy  is  a folid  figure  thus  named 
by  Dr.  Wallis,  from  its  genefis,  or  formation,  which 
is  thus  : Let  all  the  fquares  of  the  ordinates  of  a para- 
bola be  conceived  to  be  fo  placed,  that  the  axis  fhall 
pafs  perpendicularly  through  all  their  centres  ; then  the 
of  all  thefe  planes  will  form  the  Parabolic 
Pyramidoid. 

This  figure  is  equal  to  half  its  circumfcribed  paralle- 
lopipedon.  ^ And  therefore  the  folid  content  is  found 
by  multiplying  the  bafe  by  the  altitude,  and  taking 
half  the  produ6l ; or  the  one  of  thefe  by  half  the 
other. 

Parabolic  Space,  is  the  fpace  or  area  included  by 
the  curve  line  and  bafe  or  double  ordinate  of  the  para- 
bola. The  area  of  this  fpace,  it  has  been  fhewn  under 
the  article  Parabola,  is  3 of  its  circumfcribed  parallelo- 
gram ; which  is  its  quadrature,  and  which  was  firfl  found 
• out  by  Archimedes,  though  fome  fay  by  Pythagoras. 

Para  BOLic  Spindle,  is  a folid  figure  conceived  to  be 
formed  by  the  rotation  of  a parabola  about  its  bafe  or 
double  ordinate. 

This  folid  is  equal  to  -Pj  of  its  circumfcribed  cylin- 
der. ^ See  my  Menfuration,  prob.  15,  pa.  390,  &c, 
2d  edition. 

Parabolic  Spiral.  See  Helicoid  Parabola. 

Paraboliform  Curves,  a name  fometimes  given  to 
the  parabolas  of  the  higher  orders. 

PARABOLOIDES,  Parabolas  of  the  higher 
orders. d.he  equation  for  all  curves  of  this 


m — n ri 
X 


m 


kind  being  a x =z  y , the  proportion  of  the 

area  of  any  one  to  the  complement  of  it  to  the  cir- 

cumferibiug  parallelogram,  will  be  as  m to  n. 
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PARACENTRIC  Motion,  denotes  the  fpacc  by 
which  a revolving  planet  approaches  nearer  to,  or  re- 
cedes farther  from,  the  fun,  or  centre  of  attraftion. 

Thus,  if  a planet  in  A move  towards  B ; then  is 
SB  — SA  = the  Paracentric  motion  of  that  pla- 
net ; where  S is  tlie  place  of  the  fun. 


Par.acentric  Sol'tc'itaHon  of  Gravity,  is  the  fame  as 
the  Vis  Centripeta  ; and  is  exprefled  by  the  line 
AL  drawn  from  the  point  A,  parallel  to  the  ray  SB 
^ (infinitely  near  SA),  till  it  interfeft  the  tangent  BL. 
PARALLACTIC  Angle,  called  alfo  fimply  Paral- 
lax, is  the  angle  EST  {l^Jl  fg.  above)  made  at  the 
centre  of  a liar,  .See,  by  two  lines,  drawn,  the  one  from 
the  centre  of  the  earth  at  T,  and  the  other  from  its 
furface  at  E.'  Or,  which  amounts  to  the  fame  thing, 
the  Paralkaic  angle,  is  the  difference  of  the  two  angles 
CEA  and  BTA,  under  whicli  the  real  and  apparent 
diftances  from  the  zenith  arc  feen. 

The  fines  of  the  Parallaftic  angles  ELT,  EST,  at 
the  fame  or  equal  diftances  DS  from  the  zenith,  are 
in  the  reciprocal  ratio  of  the  diftances,  TL,  and  Ta, 
from  the  centre  of  the  earth. 

PARALLAX,  is  an  arch  of  the  heavens  intercepted 
between  the  tiue  place  of  a ftar,  and  its  apparent 
place. 

The  true  place  of  a ftar  S,  is  that  point  of  the 
iiea'\'Cns  B,  in  ■which  it  would  be  feen  by  an  eye  placed 
in  the  centie  of  the  earth  at  E.  And  the  apparent 
place,  is  that  point  of  the  heavens  C,  where  a ftar  ap- 
pears to  an  eye  upon  the  furface  of  the  earth  at  E. 

This  difference  of  places,  is  what  is  called  abfolutely 
the  Parallax,  or  the  Parallax  of  Altitude  j winch  Co- 
pernicus calls  the  Commutation ; and  whicli  there- 
fore is  an  angle  formed  by  tv/o  vifual  rays,  drawn, 
the  one  from  the  centre,  the  other  from  the  circum- 
ference of  the  earth,  and  traverfing  the  body  of  the 
ftar ; being  meafured  by  an  arch  of  a great  circle  in- 
tercepted between  the  two  points  of  true  and  appa- 
rent place,  B and  C. 

The  Parallax  of  Altitude  CB  is  properly  the  dif- 
ference between  the  true  diftance  from  the  zenith  AB, 
and  the  apparent  diftance  AC.  Hence  the  Parallax 
diminifhes  the  altitude  of  a ftar,  or  increafes  its  dif- 
tance from  the  zenith  ; and  it  has  therefore  a con- 
trary effedl  to  the  refraeffion. 

The  Parallax  is  greateft  in  the  Iiorizon,  called  the 
Horizontal  Parallax  EPT.  From  hence  it  decreafes 
all  the  way  to  the'zenith  D or  A,  where  it  is  nothing; 
the  real  and  apparent  places  there  coiucidino-,  ^ 
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The  Horizontal  Parallax  is  the  fame,  whether  the 
ftar  be  in  the  true  or  apparent  horizon. 

The  fixed  ftars  have  no  fenfible  Parallax,  by  reafon 
of  their  immenfe  diftance,  to  which  the  femidiameter 
of  the  earth  is  but  a mere  point. 

Hence  alfo,  the  nearer  a ftar  is  to  tlie  earth,  the  ' 
greater  is  Its  Parallax  ; and  on  the  contrary,  the  farther 
it  is  off,  the  lefs  is  the  Parallax,  at  an  equal  elevation 
above  the  horizon*  So  the  ftar  at  S has  a lefs  Paral- 
lax than  the  ftar,  at  I.  Saturn  is  fo  high,  that  it  iV 
difficult  to  obferve  in  him  any  Parallax  at 'all. 

^ Parallax  increafes  the  right  and  oblique  afcenfion,  and 
diminifhes  the  defcenfion  ; it  diminifiies  the  northern 
declination  and  latitu'de  in  the  eaftern  part,  and  in- 
creafes them  in  the  weftern ; but  it  increafes  the  foutherii 
declination  In  the  eaftern  and  weftern  part  ; it  dimi- 
nifhes the  longitude  in  the  weftern  part,  and  increafes 
it  in  the  eaftern.  Parallax  therefore  has  juft  oppofite 
effefts  to  refradllon. 

The  dodtrine  of  Parallaxes  is  of  the  greateft  import- 
ance, In  aftronomy,  for  determining  the  diftances  of  ■■ 
the  planets,  comets,  and  other  phenomena  of  the 
heavens  ; for  the  calculation  of  eclipfes,  and  for  finding 
the  longitude. 
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1 ARAllax  ny  Afenfon  and  Defeenfon,  is  art 

arch  of  the  Equinoaial  Idd,  by  which  the  Parallax  of 
altitude  iiicreales  the  afcenfion,  and  diminifiies  the  de- 
Iceniion. 

Parallax  of  Declination,  is  an  arch  of  a circle  of 
declination  si,  by  which  the  Parallax  of  altitude  in- 
creafes or  diminifhes  the  declination  of  a ftar. 

Parallax  of  latitude,  is  an  arch  of  a circle  of 
latitude  SI,  by  which  the  Parallax  of  altitude  increafes 
or  diminifiies  the  latitude. 

Menjrual  Parallax  of  the  Sun,  is  an  angle  formed 
by  two  right  lines  ; one  drawn  from  the  earth  to  the 

fun,  and  another  from  the. fun  to  the  moon,  at  either 
or  their  quadratures. 


Parallax  of  the  Annual  Orbit  of  the  Earth,  is  the 
difterence  between  the  heliocentric  and  geocentric  place 
of  a p anet,  or  the  angle  at  any  planet,  fubtended  by 
tfie  diftance  between  the  earth  and  fun. 

There  are  various  methods  for  finding-  the  Parallaxes 

ophe  cdeftial  bodies : fome  of  the  pn'itipal  and  eaf.er 
ot  which  are  as  follow  : 

To  Ohferve  the  Parallax  of  a Cekfwl  Body Ob* 

erve  when  the  hotly  is  in  tlie  fame  vertical  with  a fixed 
liar  which  IS  near  it,  and  in  tliat  polition  meafure  its 

**  apparcHt 
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apparent  diftance  from  the  ftar.  Obferve  agmn  when 
the  body  and  ftar  are  at  equal  altitudes  from  the  10- 
rkon;and  there  meafure  their  dillanoe  again.  f jeu 
the  difference  of  thefe  dillances  will  be  the  Parallax 

•very  nearly.  _ , . 

To  Ohferve  the  Moonh^  Parallax.-— Obferve  very 
accurately  the  moon’s  lueridian  altitude,  and  note  t.  ie 
n-o  nent  of  time.  To  this  time,  equated,  compute  her 
true  latitude  and  longitude,  and  from  theie  hud  net 
declination  ; alio  from  her  decimation,  and  the  eleva- 
tion  of  the  equator,  und  her  true  meridian  alutude.- 
SubtraA  the  Wfradtiou  from  the  obferved  altitude  : 
then  the  difference  between  the  remainder  and  the  true 
altitude,  will  be  the  Parallax  fought.  If  the  obferved 
altitude  be  not  meridional,  reduce  it  to  the  tiue  aki> 
tude  for  the  time  of  obfervation. 

By  this  means,  in  1583, _ Oft.  12  day  5 h.  19m.  from 
the  moon’s  meridian  altitude  obferved  at  13  3 > 

Tycho  found  her  Parallax  to  be  54  minutes. 

To  Obferve  tht  Moon’s  Parallax  in  an  Echpje. — in 
an  eclipfe  of  the  moon  obferve  when  both  horns  are 
in  the  fame  vertical  cii'cle,  and  at  that  moment 
the  altitudes  of  both  horns  5 then  half  their  fum  \m 
be  nearly  the  apparent  altitude  of  the  moon’s  centre  ; 
from  which  fubtrad  the  refraftion,  which  gives  the  ap- 
parent altitude  freed  from  refraaion.  But  the  true 
altitude  is  nearly  equal  to  the  altitude  of  the  centre  or 
the  fnadow  at  that  time  : now  the  altitude^ of  the  centre 
of  the  ffiadow  is  known,  becaufewe  know  tne  fun  s place 
in  the  ecliptic,  and  his  depreffion  oelow  the  hoiizon, 
wBich  is  equal  to  the  altitude  of  the  oppofite  point  of 
the  ecliptic,  in  which  the  centre  of  ^ the  fhadow  is. 
Having  thus  the  true  and  apparent  altitudes,  their  dif- 
ference is  the  Parallax  fought. 

De  la  Hire  makes  the  greateff  horizontal  Parallax 
I®  E 25",  and  the  leaft  54^5"'.  M.  le  Monnier  deter- 
rhined  the  mean  Parallax  of  the  Moon  to  be  57  12  . 

Others  have  made  it  57'  18 'b  t i • j or' 

Frotfi  the  s Parallax  ESF^  citid  ciditucie  Sh 

(laft  hg.  but  one)  ; tojind  her  dijtance  from  the  Earth. 
1-From  her  apparent  altitude  given,  there  is  ^gijen 
her  apparent  zenith  diftance,  i.  e.  the  angle 
or  by  her  true  altitude,  the  complement  angle  ATS. 
Wherefore,  fmee  at  the  fame  time,  the  ParalkTic 
an^le  S is  known,  the  3d  or  fiipplemental  angle  t kS 
is  alfo  known.  Then,  ccnfidering  the  eartn  s femidia- 
meter  TE  as  i,  in  the  triangle  TES  are  given  all  tlie 
angles  and  the  fide  TE,  to  find  ES  ^the  moon’s  dif- 
tance from  the  furface  of  the  earth,  or  1 S tier  diftance 
from  the  centre. 

Tims  Tycho,  by  the  obfervation  above  mentioned, 
found  the  moon’s  diftance  at  tlrat  time  from  the  earth, 
was  62  of  the  earth’s  femidiamteters.  According  to 
lie  la  Hire’s  determination,  her  diftance  wlien  m the 
perigee  is  near  56  femidiameters,  but  iu  her  apogem 
near^  63 1 ; and  therefore  the  mean  nearly  59 or  111 
round  numbers  60  femidiameters. 

Hence  alio,  fince,  from  the  moon’s  theory,  there  is 
o-iven  the  ratio  of  her  diftances  from  the  earth  in  the 
feveral  degrees  of  her  anomaly  ; thofe  diftances  being 
found,  by  the  rule  of  tlirce,  in  femidiameters  of  tae 
e'drth,  the  Parallax  is  thence  determined  to  the  feveral 
degrees  of  the  true  anomaly. 

Vc  Obferve  the  Parallax  of  Mars.—i.  Suppofe 


Mars  in  the  meridian  and  equator  at  H ; and  that  the 
obftrver,  under  the  equator  in  A,  oblervcs  him  cul- 
minating with  fome  lixed  ftar.  2.  If  now  the  ob- 
ferver  wei-e  in  the  centre  of  the  earth,  he  would  fee 
Mars  coiiftantly  iu  the  fame  point  of  the  heavens  with 
the  ftar  ; and  therefore,,  together  with  it,  in  the  plane 
of  the  horizon,  or  of  the  6th  horary  : but  lince  Mars 
here  has  tome  feulible  Parallax,  and*  the  tixed  ftar  ha^ 
none,  Mars  will  be  feen  in  the  horizon,  when  in  1 , the 
plane  of  the  fenfible  horizon  ; and  tlie  ilar,  when  in* 
R,  the  plane  of  the  true  horizon  : therefore  obferve 
the  time  between  tire  tranfit  of  blars  and  of  the 
flar  through  tb.e  plane  of  the  6th  ho’-ir.' — 3.  Conrcit 
tliis  time  into  minutes  of  the  equator,  at  the  rate  of  i 5 
degrees  to  the  hour;  by  which  means  there  will  be  ob-^ 
tained  the  arch  PM,  to  which  the  angle  PAM,  ano 
coufequeiilly  the  angle  AMD,  4s  nearly  equal ; wIucIl 
is  the  horizontal  Parallax  of  Mars». 


If  the  obferver  be  not  under  the  equator,  but  iu  a par^ 
allel  IQ,  that  difference  will  be  a lefs  arch  Q^l : where- 
fore, fince  the  fmall  arches  Q^M  and  PM  are  nearly  as  ■ 
their  f nes  AD  and  ID ; and  face  ADG  is  equal  to  the 
diftance  of  the  place  from  the  equator,  i.  e.  to  the  ele- 
vation of  the  pole,  or  the  latitude  ; therefore  AD  to 
ID,  as  radius  tO’the  cofiue  of  the  latitude  ; fay,  as  the 
cofne  of  the  latitude  ID  is  to  radius,  fo  is  the  Paial- 
lax  obferved  lu  I,  to  the  Parallax  under  the  equatoi. 

Since  Mars  and  the  fixed  ftar  cannot  be  commoca- 
oully  obferved  in  the  horizon  ; let  them  be  obferved  m 
the  circle  of  the  3d  hour  : and  fnCe  the  Parallax  obferv-- 
ed  there  TO,  is  to  the  horizontal  one  PM,  as  IS  to 
ID  : fay,  as  the  fue  of  the  angle  IDS,  orQy^  (fiuee 
the  plane  DO  is  in  the  middle  between  the  meridian 
DH  and  the  true  horizon  DM),  is  to  radius,  fo  is  the 
Parallax  TO  to  the  horizontal  Parallax  1 M. 

If  Mars  be  likewife  out  of  the  plane  of  the  equator, 
the  Parallax  found  will  be  an  arch  of  a parallel ; wdiicli 
muft  therefore  be  reduced,  as  'above,  to  an  arch  of  the 
equator. 

I^aftly,  if  Marsbe  not  ftationary,  but  either  direff  or 
retrograde,  by  obiervations  for  ieveral  days  fnd  out 
what  his  motion  is  every  hour,  that  his  true  place  from 
the  centre  may  be  affigiicd  for  any  given  time. 

By  this  method  Caftlni,  who  was  the  author  of  it, 
obferved  the  greateft  horizontal  Parallax  of  Mars  to  be 
25'^;  but  Mr.  Flamfteed  found  it  near  Caftlni 

obferved  alfo  the  Parallax  of  Venus  by  the  fame  me- 
thod. 

To  Find  the  Sun’s  Parallax. — The  great  diftance  of 
the  fun  renders  his  Parallax  too  fmall  to  lall  under  even 
the  niceft  immediate  obfervation.  Many  attempts  have 
indeed  been  made,  both  by  the  ancients  and  moder  ns, 
and  many  metlrods  invented  for  that  purpofe.  Phe  hrft 
was  that  of  Hipparchus,  which  was  followed  by  Pto- 
lemy, &:cj  and  was  founded  on  the  obfervation  of  lunar 

eclipfes. 
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rclipfcs.  Tlie  fecond  was  that  of  Ariilarcluis,  in 
Avhich  the  angle  fubtended  by  the  fenn'diameter  of  the 
•moon’s  orbit,  feen  from  the  lun,  was  fought  from  the 
lunar  phafes.  But  thefe  both  proving  deficient,  af- 
tronomers  are  now  forced  to  have  recoiirfe  to  the  Par- 
allaxes of  the  nearer  planets,  Mars  .and  Venus.  Now 
from  the  theory  of  the  motions  of  tlie  earth  and  pla- 
nets, there  is  known  at  any  time  the  proportion  of  the 
diftances  of  tlie  fun  and  planets  from  lis  ; and  tlie  hori- 
zontal Parallaxes  being  reciprocally  propouional  to 
thofe  diftances  ; by  knowing-  tlic  Parallax  of  a planet, 

that  of  the  fun  may  be  thence  found. 

¥ 

Thus  IVTars,  when  oppofite  to  tlie  fun,  is  twice  as 
near  as  the  iun  is,  and  therefore  his  Parallax  will  be 
twice  as  great  as  that  of  the  fun.  And  Venus,  when 
In  her  interior  conjunction  with  the  fun,  is  fometimes 
nearer  us  tlian  he  is  ; and  therefore  her  Parallax  is 
greater  in  the  lame  proportion.  Thus,  from  the  Paral- 
laxes of  Mars  and  Venus,  Cafiini  found  the  fun’s  Paral- 
lax to  be  10"^  ; fnmi  \«.  heiice  his  diflanye  comes  out 
22000  femidiameters  of  the  earth. 

But  the  .mod  aceurate  method  of  determining  the 
Parallaxe.s  of  thefe  planets,  and  thence  the  Parallax  of 
•the  fun,  is  that  of  obferving  tlieir  tranfit.  However, 
Mercury,  though  frequently  to  be  feen  on  tlie  fun,  is 
.not  fit  for  this  purpofe  ; becaule  he  is  fo  near  the  fun, 
that  the  difference  of  their  Parallaxes  is  always  lefs  than 
the  folar  Parallax  required.  But  the  Parallax  of  Ve- 
niLs,  being  almod  4 times  as  grcxit  as  the  folar  Paral- 
Pix,  will  caufe  very  fenfible  differc-necs  between  the 
times  in  vhich  file  will  ftem  to  be  paffing  over  the  fun 
at  different  parts  of  the  earth..  V^ith  the  view  of  en- 
.gaging  the  attention  of  afironomers  to  this  method  of 
determining  the  fim’s  Parallax,  Dr.  Halley  communi- 
cated to  the  Royal  Society,  in  1691,  a paper,  con- 
taining an  account  of  the  feveral  years  in  which  fuch  a 
tranfit  may  happen,  computed  from  the  tables  which 
were  then  in  Life;  thofe  at  the  afeending  node  occur  in 
the  month  of  November  O.  S.  in  the  years  91 8,  1161, 
1396,  1631,  1639,  1874,  2109,  2117;  and  at  the 
defeending  node  in  May  O.  S.  in  tlie  years  1048, 
1283,  1291,  1518,  1526,  1761,  T769,  1996,  2004. 
Philof.  T ranf.  Abr.  vol.  i,  p.  435  See. 

Dr.  Plalleyeven  then  concluded,  that  if  the  interval 
of  time  between  the  two  interior  contacts  of  Venus 
with  the  fun,  could  be  meafured  to  the  exaCtnefs  of  a 
fecond,  in  two  places  properly  fituated,  the  fun’s  Par- 
allax might  be  determined  within  its  yoodth  part. 
And  this  conclufion  was  more  fully  explained  in  a fub- 
-fequent  paper,  concerning  the  tranfit  of  Venus  in  the 
year  1761.,  in  tlie  Philof.  Tranf.  numb.  348,  or  Abr. 
vdl.  4,  p.  2 1 3. 

It  docs  not  appear  that  any  of  the  preceding  tranfits 
bad  been  obferved  ; except  that  of  1639,  by  our  inge- 
nious countryman  Mr.  ^Horrox,  and  his  friend  Mr. 
Crabtree,  of  Manchefier.  But  Mr.  Hoitox  died  on 
tlie  3d  of  January,  1641,  at  the  age  of  25,  jufi  after 
he  had  finifiied  his  treatife,  Verms  In  Sole  Vrfa,  in  which 
•he  difcovers.a  more. accurate  knowledge  of  tlie  dimeii- 
fioiis  of  the  folar  fyfiem,  .than  his  learned  commentator 
Hevelius. 

To  give  a general  idea  of  this  method  of  determin- 
ing the  horizontal  Parallax  of  Venus,  and  from  thence, 


by  analogy,  the  Parallax  anfi  difianc*e  of  the  fun, 
and  of  all  the  planets  from  him;  let  DBA  be  the 
earth,  V Venus,  and  TSR  the  caftcni  limb  of  the 
fun.  To  an  obierver  at  B,  the 
point  t of  that  limb  will  be  011 
the  meridian,  its  place  referred 
to  the  heavens  will  be  at  PI,  and 
Venus  will  appear  jufi  within 
it  at  vS.  But  to  an  obferver  at 

A,  at  the  iame  infiant,  Venus 
is  eafi  of  tlie  fun,  in  the  right 
line  AVF  ; the  point  t of  tlie 
fun’s  liinb  appears  at  e in  the 
heavens,  and  if  Venus  were 
then  vifible  fhe  Avould  appear  at 
P\  I'lie  angle  CVA  is  tlie 
horizontal  I’arallax  of  Venus  ; 
which  Is  equal  to  the  oppofite 
angle  FVII,  meafured  by  the 
arc  FF.  A SC  is  the  Inn’s  ho- 
rizontal Parallax,  equal  to  the 
oppofite  angle  eSE,  meafured 
by  the  arc  zE ; and  ¥Ae  or 
VAz  is  Venus’.-,  horizontal  Par- 
allax from  tlie  fun,  which  may 
be  found  by  ublerving  how 
much  later  in  abfolute  time  lier 
total  ingrtfs  on  the  fun  is,  as 
feen  from  A , than  as  feen  from 

B,  which  is  the  time  file  takes 
to  move  from  V to  v,  in  her 
orbit  OVv. 

If  Venus  were  nearer  the 
earth,  as  at  H,  her  horizontal 
Parallax  from  the  fun  vvould  he 
the  arch  fe,  which  measures  the 
angle  JAe ; and  tliis  angle  is 
greater  than  the  angle  FAz,  by 
the  difference  of  their  meafurcs 
¥f.  So  that  as  the  difiance  of 
the  celellial  objeci  from  the 
earth  is  Ids,  its  Parallax  is  the 
greater. 

Now  it  has  been  already  ob- 
ferved, that  the  horizontal  Par- 
allaxes of  the  planets  are  iii- 
verfely  as  their  difiances  from 
the  earth’s  centre,  therefore  as 
the  fun’s  difiance  at  the  time  of 
the  tranfit  is  to  V’^enus’s  dif- 
tance,  fo  is  the  Paralhix  of  Ve- 
nus to  that  of  the  fun  ; and  as 
tlie  fuir's  mean  difiance  from 
the  eartli’s  centre,  is  to  his  dif- 
taiice  on  the  day  of  the  tranfit, 
fo  is  liis  horizontal  Parallax  011 
1 hat  day,  to  his  horizontal  Paral- 
lax at  the  time  of  his  mean  difiance  from  the  earth’s 
ccntie.  FIcnee  his  true  difiance  m femidiameters  of  the 
earth  m.ay  be  obtained  by  the  following  analogy,  viz, 
as  the  fine  of  the  fun’s  Parallax  is  to  radius,  fo  is  uni- 
tv  or  the  earth’s  femidlameter,  to  the  number  of  femi- 
diaraeters  of  the  earth  in  the  fun’s  difiance  from  the 
centre  ; which  iimriber  multiplied  by  the  number  of 

. miles 
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miles  in  tlie  earth’s  femidiameter,  will  give  the  number 
of  miles  in  the  fun’s  diftance.  Then  from  the  propor- 
tional diftances  of  the  planets,  determined  by  the  theory 
of  gravity,  their  true  diftances  may  be  "found.  And 
from  their  apparent  diameters  at  ihefe  known  diftances, 
their  real  diameters  and  bulks  may  be  found. 

Mr.  Short,  with  great  labour,  deduced  the  quantity 
of  the  fun’s  ParallaK  from  tlie  heft  obfervations  that 
were  made  of  the  tranfit  of  V enus,  on  the  6th  of 
June,  1761,  (for  which  fee  Philof.  dl  ranf.  voL  5 i and 
52)  both  in  Britain  and  in  foreign  parts,  and  found  it 
to  have  been  on  the  day  of  the  tranfit,  wiieii  the 

fun  was  very  nearly’’  at  his  greateft  diftance  from  the 
earth;  and  confeqiiently  8"'"6^  when  the  fun  is  at  his 
mean  diftance  from  the  earth.  See  Philof.  Tranf.  vol. 
52,  p.  61 1 &;c.  Whence, 

Asfin.  8"-65  - - - log.  5-6219140 

to  radius  - - - - 1 0*0000000 

So  is  1 femidiameter  - - o’ooooooo 


to  23882*84  femidiameters  ^ 4*37^0860 


that  is,  23882  is  the  number  of  the  earth’s  femi- 
diameters contained  in  its  diftance  from  the  fun  ; and 
this  number  of  femidiameters  being  multiplied  by  3985, 
the  number  of  Englifh  miles  contained  in  the  earth’s 
femidiameter,  (though  later  obfervations  make  this  fe- 
midiameter only  3956 1 miles),  there  is  obtained 
95,173,127  miles  for  the  earth’s  mean  diftance  from  the 
fun.  And  hence,  from  the  analogies  under  the  article 
Distance,  the  mean  diftances  of  all  the  reft  of  the 
planets  from  the  fun,  in  miles,  are  found  as  follow, 
viz, 


Mercury’s  diftance 
Venus’s  diftance 
Mars’s  diftance 
Jupiter’s  diftance 
Saturn’s  diftance 


36,841,468 

68,891,486 

145,014,148 

494,990,976 

907,956,130. 


In  another  paper  (Philof.  Tranf.  vol.  53,  p.  169) 
Mr.  Short  ftates  the  mean  horizontal  Parallax  of  the 
fun  at  8^'’6g.  And  Mr.  Hornlby,  from  fcveral  obfer- 
vations of  the  tranfit  of  June  3d,  1769  (for  which  fee 
the  Philof.  Tranf.  vol.  59)  deduces  the  fun’s  Parallax 
for  that  day  equal  to  8*65,  and  the  mean  Parallax 
; whence  he  makes  the  mean  diftance  of  the 
earth  from  the  fun  to  be  93,726,900  Englilh  miles,  and 
the  diftances  of  the  other  planets  thus : 


Mercury’s  diftance 
Venus’s  diftance 
Mars’s  diftance 
jupiter’s  diftance 
Saturn’s  diftance 


36,281,700 

67.795^500 

142.818.000 

487.472.000 

894.162.000 


Seethe  Philof.  Tranf.  vol.  6[,  p-  572. 

But  others,  by  taking  the  refults  of  thofe  obferva- 
tions that  are  moft  to  be  depended  on,  have  made  the 
fun’s  Parallax  at  his  mean  diftance  from  tlie  earth  to  be 
8*6045  ; and  fome  make  it  only  8*54.  According  to 
the  former  of  thefe,  the  fun’s  mean  diftance  from  the 
earth  is  955109,736  mules  ; and  according  to  the  latter 
it  is  955834^742  miles.  Upon  the  vvdiole  there  feems 


reafon  to  conclude  that  the  fun’s  horizontal  Parallax 
may  be  ftated  at  8 '^’6,  and  his,  diftance  near  95  mil- 
lions of  miles.  Hence,  the  following  horizontal  Par- 
allaxes : 


Mean  Parallax  of  the  fun 

- - 0^ 

8' 

Moon’s  greateft 

- ‘ 61 

32 

Moon’s  leaft 

" . 54 

4 

Moon’s  mean 

57 

48 

Mars’s 

0 

25 

Of  the  Parallax  of  the  Fixed  Stars.  As  to  the  fixed 
liars,  their  diftance  is  fo  great,  that  it  has  never  been 
found  that  they  have  any  fenfible  Parallax,  neither 
with,  refpeeft  to  the  earth’s  diameter,  nor  even  with  re- 
gard to  the  diameter  of  the  earth’s  annual  orbit  round 
the  fun,  although  this  diameter  be  about  190  millions 
of  miles.  For,  any  of  thofe  ftars  being  obferved  from 
oppofite  ends  of  this  diameter,  or  at  the  interval  of 
half  a year  between  the  obfervations,  wdien  the  earth  is 
in  oppofite  p.oints  of  her  orbit,  yet  ftill  the  ftar  ap- 
pears in  the  fame  place  and  fitiiation  in  the  heavens, 
without  any  change  that  is  fenftble,  or  meafurable  with 
the  very  beft  inftruments,  not  amounting  to  a fingle  fe- 
cond  of  a degree.  That  is,  the  diameter  of  the  earth’s 
annual  orbit,  at  the  neareft  of  the  fixed  ftars,  does  not 
fubtend  an  angle  of  a fingle  fecond  ; or,  in  comparifon 
of  the  diftance  of  the  fixed  ftars,  the  extent  of  190 
millions  of  miles  is  but  as  a point  ! 

Parallax  is  alfo  ufed,  in  Levelling,  for  the  angle 
contained  between  the  line  of  true  level,  and  that  of 
apparent  level.  And,  in  other  branches  of  fcience,  for 
the  difference  between  the  true  and  apparent  places. 

PARALLEL,  in  Geometry,  is  applied  to  lines, 
figures,  and  bodies,  which  are  every  where  equidiflant 
from  each,  other;  or  which,  though  infinitely  produced, 
would  never  cither  approach  nearer,  or  recede  farther 
from,  each  other;  their  diftance  being  every  where 
meafured  by  a perpendicular  line  between  them.  Hence, 

Parallel  'right  lines  are  thofe  which,  though  infi- 
nitely produced  ever  fo  far,  would  never  meet : wdiich 
is  Biuclid’s  definition  of  them. 

Newton,  in  Lemma  22,  book  i of  his  Prlncipi'a, 
defines  Parallels  to  be  fuch  lines  as  tend  to  a point  infi- 
nitely diftant. 

Parallel  Lines  Hand  oppofed  to  lines  converging,  and 
diverging. 

Some  define  an  inclining  or  converging  line,  to  be 
that  which  will  meet  another  at  a finite  diftance,  and^  a 
Parallel  line,  that  which  will  only  meet  at  an  infinite 
diftance. 

As  a perpendicular  is  by  fome  fald  to  be  the  fhorteft 
of  all  lines  that  can  be  drawn  to  another;  fo  a Parallel 
is  faid  to  be  the  longeft. 

It  is  demonftrated  by  geometricians,  that  two  lines, 
AB  and  CD,  that  are  both  Parallel  to  one  and  the  fam^e 
right  line  EF,  are  alfo  Parallel  to  each  other.  And 
that  if  two  Parallel  lines  AB  and  EF  be  cut  byr  any 
other  line  GFI  ; then  i ft,  the  alternate  angles  are  equal ; 
viz  the  angle  a •rz  b,  and  Z.  c ~ Z^  d.  2d,  The 
external  angle  is  equal  to  the  internal  one  on  the  fame 
fide  of  the  cutting  line  ; viz  the  Z-  e — Z.  d,  and 
the  Z,f—  Z^h.  3d,  That  the  two  internal  ones  on 
the  fame  fide  a're,  taken  together,  equal  to  two 
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right  angles;  viz,  4 + /L  d = i8o°,  or 

Z.  <r  + ^ = l8o°. 


To  draw  a Paralle-l  Z//n^. — If  the  line  to  be  Parallel 
to  AB  muft  pafs  through  a given  point  P : Take  the 
neareft  diftance  between  the  point  P and  the  given  line 
AB,  by  fetting  one  foot  of  the  compafTes  in  P,  and 
with  the  other  defcribe  an  arc  juft  to  touch  the  line  in 
A ; then  with  that  diftance  as  a radius,  and  a centre 
B taken  any  where  in  the  line,  defcribe  another  arc  G ; 
laftly,  through  P draw  a line  PC  juft  to  touch  the  arc 
C,  and  that  will  be  the  Parallel  fought. 


Otherwtfe. — AVith  the  centre  P,  and  any  radius,  de- 
fcribe an  arc  BC,  cutting  the  given  line  in  B.  Next, 
with  the  fame  radius,  and  centre  B,  defcribe  another 
arc  PA,  cutting  alfo  the  given  line  in  A.  Laftly,  take 
AP  between  the  compaffes,  and  apply  it  from  B to  C ; 
and  through  P and  C draw  the  Parallel  PC  re- 
quired. 

Or,  draw  the  line  with  the  Parallel  Ruler,  defcribed 
below,  by  laying  one  edge  of  the  ruler  along  AB, 
and  extending  the  other  to  the  given  point  or  dif- 
tance. 

When  the  one  line  is  to  be  at  a given  diftance  from 
the  other  ; take  that  diftance  between  the  compafTes  as 
a radius,  and  with  two  centres  taken  any  where  in  the 
given  line,  defcribe  two  arcs  ; then  lay  a ruler  juft  to 
touch  the  arcs,  and  by  it  draw  the  Parallel. 

Px-tRALLEL  Planesy  are  ever\’  where  equidiftant,  or 
have  all  the  perpendiculars  that  are  drawn  between 
them,  everywhere  equal. 

Parallel  Rays,  in  Optics,  are  thofe  which  keep 
always  at  an  equal  diftance  in  refpeCl  to  each  other, 
from  the  vifual  obje<ft  to  the  eye,  from  which  the  object 
is  fuppofed  to  be  infinitely  diftant. 

Parallel  Ruhr,  is  a mathematical  inftrument,  con- 
fifting  of  two  equal  rulers,  AB  and  Ci),  either  of 
wood  or  metal,  connefted  togetlter  by  two  flender  crofs 
bars  or  blades  AC  and  BD,  moveable  about  the  points 
or  joints  A,  B,  C,  D. 

There  are  other  forms  of  this  inftrument,  a little 
varied  from  the  above  ; fome  having  the  two  blades 
crofting  in  the  middle,  and  fixed  only  at  one  end  of 
them,  the  other  two  ends  Hiding  in  grooves  along  the 
two  rulers  ; &c. 

The  ufe  of'  this  inftrument  is  obvious.  For  the 
edge  of  one  of  the  rulers  being  applied  to  any  line,  the 
other  opened  to  any  extent  will  be  always  pardlel  to  the 
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former-;  and  confequently  any  Parallels  to  this  may  be 
drawn  by  the\dge  of  the  ruler,  opened  to  any  extent. 

Parallel  Sailing,  In  Navigation,  is  tlie  failing  on  or 
under  a Parallel  of  latitude,  or  Parallel  to  the  equator. 
— Of  this  there  are  three  cafes. 

1.  Given  the  Diftance  and  Difference  of  Longitude; 
to  find  the  Latitude. — Rule.  As  the  difference  of  lon- 
gitude is  to  the  diftance,  fo  is  radius  to  the  cofine  of  the 
latitude. 

2.  Given  the  Latitude  and  DifFerence  of  Longi- 
tude ; to  find  the  Diftance. — Rule.  As  radius  is  to 
the  cofine  of  the  latitude,  fo  is  the  difference  of  longi- 
tude to  the  diftance. 

3.  Given  the  Latitude  and  Diftance  ; to  find  the 
difference  of  longitude. — Rule.  As  the  cofine  of  la- 
titude is  to  radius,  fo  is  the  diftance  to  the  difference  of 
longitude. 

Parallel  Sphere,  is  that  fituatlon  of  the  fphere 
wdiere  the  equator  coincides  with  the  horizon,  and  the 
poles  with  the  zenith  and  nadir. 

In  this  fphere  all  the  Parallels  of  the  equator  become 
Parallels  of  the  horizon  ; confequently  no  ftars  ever  rife 
or  fet,  but  all  turn  round  in  circles  Parallel  to  the  ho- 
rizon, as  well  as  the  fun  himfelf,  which  when  In  the 
cquinocftlal  w'heels  round  the  horizon  the  whole  day. 
Alfo,  After  the  fun  rifes  to  the  elevated  pole,  he  never 
fets  for  fix  months  ; and  after  his  entering  again  on 
the  other  fide  of  the  line,  he  never  rifes  for  fix  months 
longer. 

This  pofition  of  the  fphere  is  theirs  only  who  live  at 
the  poles  of  the  earth,  if  any  fuch  there  be.  Th<? 
greateft  height  the  fun  can  rife  to  them.  Is  23 1 de- 
grees. They  have  but  one  day  and  one  night,  each 
being  half 'a  year  long.  See  Sphere. 

Parallels,  or  Places  nj  Arms,  in  a Siege,  are 
deep  trenches,  15  or  18  feet  wide.  Joining  the  feveral 
attacks  together  ; and  ferving  to  place  the  guard  of 
the  trenches  in,  to  be  at  hand  to’fupport  the  workmen 
when  attacked. 

There  are  ufually  three  in  an  attack  : the  firft  is 
about  600  yards  from  the  covert-way,  the  fecond  be- 
tween 3 and  goo,  and  the  third  nearer  on  the  glacis. 

• — It  is  faid  they  were  firft  Invented  or  ufed  by  Vauban. 

Parallels  y^/z/V/A/e,  or  Almacantars,  are  circles 
Parallel  to  the  horizon,  conceived  to  pafs  through  every 
degree  and  minute  of  the  meridian  between  the  hori- 
zon and  zenith  ; having  tlieir  poles  in  the  zenith. 

Parallels,  or  Parallel  Circles,  called  alfo  Par- 
allels of  Latitude,  and  Circles  of  Latitude,  are  leffer 
circles  of  the  fphere,'  Parallel  to  the  equinoctial  or 
equator. 

Parallels  of  Declination,  are  leffer  circles  Parallel  to 
the  equinoctial. 

Parallels  of  Latitude,  in  Geography,  are  leffer 
circles  Parallel  to  the  equator.  But  In"  Aflronomy 
tiiey  are  Parallel  to  the  ecliptic. 

PxARA LLLLISjM,  the  quality  of  a parallel,  or 
that  which  denominates  it  fuch.  Or  it  is  that  bv  wliich 
two  things,  as  lines,  rays,  or  the  like,  become  expidif- 
tant  from  one  another. 

Parallelism  of  the  Part  Ids  Axis,  is  that  invariable 
fituatlon  of  the  axis.  In  the  progrefs  of  the  earth  throinrh 
the  annual  -orbit,  by  which  it  always  keeps  paralleDo 
itielf ; fo  that  if  a hue  be  drawn  parallel  to  its  axis, 

v.'hile 
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in  ariy  one  pofition  ; llic  axis,  in  all  othei 
tions  or  parts  ot  the  orbitj  vv  iP  always  bs  paiallcl  to  tut 


fame  line. 

In  confequence  or  t]\is  ParalltlifiTi,  the  axis  of  the 
earth  points  always,  as  to  ienfe,  to  the  fame  place  01 
point  in  the  heavens,  vie;  to  the  poles.  Becaule,  tnou^li 
roaliv  the  axis,  in  the  annual  motion,  deferibes  the 
lurface  of  a cylinder,  whefe  bafe  is  the  circle  oi  the 
earth’s  annual  orbit,  yet  this  whole  circle  is  but  as  a 
point  in  comparifon  with  the  diftance  of  the  Uxed  ftars; 
and  therefore  all  tlie  fides  of  the  cylinder  feem  to  tend  to 
the  fame  point,  wliicli  is  the  celelfial  pole.*— - Fo  this  Par- 
allehim  is  owing  the  change  and  var  ty  mf  feaions, 
with  the  inequality  of  days  aud  nights. 

This  Parailelifm  is  the  neceffary  confequence  of  the 
earth’s  double  motion  ; the  one  round  the  fun,  the  other 
round  its  own  axis.  Nor  is  there  any  neceiTity  to  ima- 
gine a third  motion,  as  fc^rte  have  done,  to  acoou-nt  for 
tin’s  Farallelrfm. 

Parallelism  of  R’ooos  f Trees.  The  cy'-e  placed 
at  the  end  of  an  alley  bounded  by  two  rows  of  trees, 
planted  in  parallel  lines,  never  fees  them  parallel,  but 
alway-s  inclining*  to  each  otlier,  towards  the  fartiier  end. 

Hence  mathematicians  have  taken  occafion  to  en- 
q^iire,  in  what  lines  the  trees  muff  be  difpofed,  to  cor- 
rect this  effedf  of  tlie  perfpeifive,  and  make  the  rows 
ilill  appear  parallel.  And,  to  produce  this  effeft,  it  13 
evident  that  the  unequal  intervals  of  any  two-oppdfite  or 
correfpondmg  trees  mayliefeen  under equal  vifual  angles. 

For  this  purpofe,  IM.  Fabry,  Tacquet,  and  V arignoii 
obferve,  that  the  rows  muff  be  oppofite  femi-hyper- 
bolas.  See  the  Mem.  Acad.  vScicnces,  an.  1717. 

But  notwithffanding  the  ingenuity  of  their  pecula- 
tions, it  has  been  proved  by  D’Alembert,  and  Bou- 
guer,  that  to  produce  the  effebf  propofed,  the  trees  are 
to  be  ranged  merely  in  two  diverging  right  lines. 

PARAI.LEI.OGRAM,  in  Geometry,  is  a qua- 
drilateral right-lined  figure,  wdiofe  oppofite  Tides  are 
parallel  to  each  other. 

A 'Parallelogram  may^  be  conceived  as  generated  by’* 
the  motion  -of  a right  line,  along  a plane,  alway’s  paral- 
lel to  itfelf. 

Parallelograms ‘have  feveral  particidar  denominations, 
anxl  are  of  feveral  fpecies,  according  to  certain  parti- 
cular circumftances,  as  follow 

When  the  angles  of  the  Parallelogram  are  right 
ones,  it  is  called  a Reetangle. — When  the  angles  are 
right,  and  all  its  Tides  equal,  it  is  a fquare. — Wlien  tlie 
Tides  are  equal,  but  the  angles  oblique  ones,  the  figure 
is  a Rbombus  or  Lozenge.  And -when  Fcth  the  iides 
and  angles  are  unequal,  it  is  a Rliomboides. 

Everv  other  quadrilateral  whofe  oppofite  Tides  are 
neither  parallel  nor  equal,  is  called  a Trapezium. 

Properties^  of  the  Par allelogr — i.  In  every 
Parallelogram  ABDC,  the 
diagoiral  divides  the 
into  two  ecpial  triangli: 

ABD,  ACD.  Alfo  the 
oppofite  angles  and  Tides  are 
equal,  viz,  the  fide  A B — 

CD,  and  AC  =:  BD,  alfo 
the  angle  A = AD,  and  the 

A B ~ A C.  And  the  fum  of  any  two  fucceeding 


angles,  or  next  the  fame  fide,  is  equal  to  two  fight  an- 
gles, or  1 80  degrees,  as  Z.  A + A C — A C -p  A D 
AD-P  ABv:=AB  -P  aA  = two  right-an- 
gles. 

2.  All  Parallelograms,  as  A-BDC  and  /’tTDC,  are 
equal,  that  are  on  the  fame  bafe  CD,  and  between  tlm 
fame  parallels  CD  ; or  tliat/have  either  the  fame  or 
equal  bafes  and  altitudes  ; and  each  is  double  a triangle 
of  the  fame- or  equal  bafe  and  altitude. 

3.  The  areas  of  Parallelograms  a-rc  to  one  anotlier  in 
the  compound  ratio  of  their  bafes  and  altitudes.  If 
their  bafes  be  equal,  the  areas  are  as  their  altitudes  ; 
and  if  the  altitudes  be  equal,  tlie  areas  areas  the  bafes. 
And  when  the  angles  of  the  one  Parallelogram  are 
equal  to  tliofc  of  another,  the  areas  .arc  as  the  rectan- 
gles of  the  Tides  about  the  equal-angles. 

4.  In  every/ Parallelogram,  the  fum  of  the  fquares  of 
the -two  diagonals,  is  equal  to  the  lura  oi  the  fquares  ot 
all  the  four  iides  of  the  figure,  viz, 

AD"  + BC"  AID  -4-  BD^  yf-  DC"  + CAT. 

Alfo  the  two  diagonals  biiecb  each  other  ; fo  that 
AE  er:  ED,  and  BE  ::r=  EC. 

5.  To  find  the  Area  of  a Parallelogram- — Multi- 
plv  any  one  fide,  as  a bafe,  by  the  heigflvt,  or  perpeiud- 
cular  let  fall  upon  it  from  the  oppofite  fide.  Ur,  multi- 
ply^ anv  two  adjacent  Tides  together,  and  the  product 
bv  tlie  line  of  their  contained  angle,  the  radius  beiiig 


I : viz^. 

The  area  is 
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CD  X AP  = AC  X CD  X fin.  A.c. 
Complement  of  a PARAtLLELOGR am.  AccComple- 

Gcntre  of  ^Greivlty  of  a Far  allelogr-VM.  -See'CEN- 
tre  of  Gravity,  and  Centrobaric  Method. 

PaRxVLLELOGR  A M,  Ol*  PARALLELISM,  Or  P E K T A- 
GRAvPH,  alfo  denotes  a maclunc  ufed  for  the  ready'  and 
exadt  rcdudlion  or  copy'ing  of  defigns,  fchemes,  plans, 
prints,  &;c,  in  any  proportion.  See  Pextagraph. 

Parallelogram  of  the  Hyperbola,  is  tlie  Parallelo- 
gram formed  bv  the  two  afvmptotes  of  an  hyperbola, 
and  the  parallels  to  them,  drawn  from  any^  point  of  the 
curve.  This  term  was  hril  ufetl  by  Huygens,  at  the 
end  of  his  Differtatio  de  Cauia  Gravitatis.  This  Paral- 
lelogram, fo  formed,  is  of  an  invariable  magriitude  hi 
the  lame  hyperbola  ; and  the  reCdangleM  its  fides  is 
equal  to  tlie  power  of  the  hyperbola. 

This  Parallelogram  is  alfo  the  modulus  of  the  loga- 
rithmic fyflem  ; and  if  it  be  taken  as  unity'  or  i,  tlie 
liyperbolic  lectors  and  fegments  will  corref'pond  to  Na- 
pier’s or  the  natural  logarithms  ; for  ivhich  reafon  thefe 
have  been  called  the  liypeiholic  logarithms.  If  the 
ParaHelogram  he  taken  =:  *43429448190  &c,  thefe 
feAors  and'ieg’ments  will  reprefent  Ih'iggs’s  logantlims'; 
in  wliich  cafe  the  two  aly'iuptotes  of  the  hyperbola 
make  between  them  an  angle  of  25°  44 

Newtonian  or  Analytic  Par  al'l'e  l-ogram,  a term  uDd 
for  an  invention  of 'Sir  Ifaac  Newton,  to  find  the  fiilt 
term  of  an  infinite  converging  feries.  It  is  fometimes 
■c.dled  the  Method  of  the  Parallelogram  and  Ruler  be- 
caufe  a ruler  or  right  Hue  is  alfo  ufed  in  it. 

This  Analytical  Parallelogram  is  formed  by  dividing 
•any  geoinetrical  Parallelogram  into  equal  Imall  fquares 
or  Parallelograms,  by  lines  drawn  hori-zontally'  and  per  ■ 
3 pendicLilavly 
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pendicularly  through  the  equal'divihons  of  the  fides  of 
the  Parallelogram.  The  fmall  ceils,  thus  formed,  are 
:Slled  with  the  dimenfions  or  powers  of  the  fpccles  a; 
and  y,  and  their  produces. 

For  indance,  the  powers  of  y,  as  or  i , y,  y^, 

&c,  being  placed  in  the  lowed:  horizontal  range  of  cells; 
and  the  powers  of  .v,  as  = i,  .r,  See,  in 

the  vertical  column  to  the  left;  or  vice  verfa  ; thefe 
powers  and  their  products  will  lland  as  in  this  ii- 
gure 
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lers  in  form  of  a Parallelogram,  made  to  move  to  any 
angle.  One  of  thefe  rulers  is  an  index,  which  fhews 
on  the  lernlcircle  the  quantity  of  any  inward  and  out- 
ward angle. 

P ARALL,ELOPIPED,or  Parallelopjpedon,  is 
a folid  fi  gure  contained  under  fix  parallelograms,  the  op--, 
pofites  of  which  are  equal  and  parallel.  Or,  it  is  a 
prifm  wiiofc  bafe  is-  a parallelogram. 

Properties  of  the  Parallelopi  pedon. — All  Faral- 
lelopipedons,  whetlier  right  or  oblique,  that  have  their 
bales  and  altitudescqnal,  are  equal  ; and  each  equal  to 
triple  a jiyramid  of  an-  equal  bafe  and  altitude. — A dia- 
gonal plane  divides  the  Paralieio])ipedon  into  two  equal 
triangular  prifms. — See  other  properties  under  the  ge- 
neial  teim  Prism,  of  which  this  is  only  a particular 
fpecies. 

To  Meafure  the  Surface  and  Solidity  of  a Parallelo- 
piPEDON. — Find  the  areas  of  tlie  three  parallelograms 
AD,  BE,  and  BG,  which  add  into  one  fum  ; and 
double  that  fum  will  be  thc'  whole  furface  of  the  Pai.d- 
lelopipcdon. 


,i  . 1 ■ 

H'.!' 

i ,!41. 1 

■ ii f 1 . 

■ • r-  1 ■ r 

.F'-* 

. !.i:  . 

' J |.  1. 

Ah 

V'-ii  • 
}|;t 


£ 


Now  when  any'-  literal  equation  is  propofed,  involv- 
fng  various  powers  of  the  two  unknown  quantities 
AT  and  V,  to  hnd  the  value  of  one  of  thefe  in  an  infinite 
ferie^  of  the  powers  of  tlie  other  ; mark  fuch  of  the 
cells  as  correfpond  to  all  its  terms,  or  that  contain  the 
fame  powers  and  produCfs  of  brandy  ; then  let  a ruler 
be  applied  to  two,  or  perhaps  more,  of  the  Par- 
allelograms fo  marked,  of  which  let  one  be  the 
lowcif  m the  left  hand  column  at  AB,  the  other 
touching  the  ruler  towards  the  right  hand  ; and  let  all 
the  rell,  not  touching  the  1 uler,  lie  above  it.  Then  fe- 
leCf  thofe  terms  of  the  equation  which  are  reprefented 
by  the  cells  that  touch  tlic  ruler,  and  from  them 
hnd  the  iirft  term  or  quantity  to  be  put  in  the  quo- 
tient. 

Of  the  application  of  this  rule,  Newton  has  given 
feveral  examples  in  his  Method  of  Fluxions  and  Infinite 
Series,  p.  9 and  10,  but  without  demonfiration  ; which 
has  been  fupplicd  by  others.  See  Colfon’s  Comment  on 
that  treatife,  p.  192  & feq.  Alfo  Newton’s  I.etter 
to  Oldenburg,  061.24,  1676.  Maclaurin’s  Algebra, 
p.  251.  Andefpecially  Cramer’s  Analyfes  des  Lignts 
Courbes,  p.  148. — This  author  obferves,  that  this  in- 
vention, which  is  the  true  foundation  of  the  micthod 
of  feries,  was  but  imperfecbly  iinderffood,  and  not  va- 
lued as  it  deferved,  for  a long  time.  Pie  thinks  it  how- 
ever more  convenient  in  praftice  to  ufe  the  Analytical 
Triangle  of  the  abbe  de  Gua,  which  takes  in  no  more 
than  the  diagonal  cells  lying  between  A and  C,  and 
thofe  which  lie  between  them,  and  B. 

Parallelogram  ProtraBor,  a mathematical  inflru- 
snent,  confifling  of  a femicirclc  of  brafs,  with  four  ru- 


Forthe  Solidity  ; multiply  the  bafe  by  the  altitude; 
that  is,  any  one  face  or  fide  by  its  diilaiice  from  the 
oppofite  fide;  as  AD'x  DE,  or  AB  x BE,  or 
BG-xBD. 

PARAMETER,  a certain  conflant  right  line  in 
each  of  the  three  Conic  Scilions  ; otherwife  called  alfo 
Latus  Redlum. 

This  line  is  called  Parameter,  or  equal  meafiirer,  be- 
caufe  it  mealures  the  conjugate  axis  by  tlie  fame  ratio 
which  is  between  the  two  axes  themfelves ; beiiig' indeed 
a third  proportional  to  them  ; viz,  a third  propor- 
tional to  the  tranfverle  and  conjugate  axes,  in  the  el* 
lipfe  and  hyperbcla  ; and,  which  is  the  fame  thing,  a 
third  proportional  to  any  abfeifs  and  its  ordinate  in  the 
parabola.  So  if  t and  r be  the  two  axes  in  the  ellipfe 
and  hyperbola,  and.v  andy  an  abfeifs  and  its  ordinate  in 
thc  parabola  ; 

r- 

then  t : c : : c : p — -j-  the  Param.  in  thc  form^^r, 

'y 

and  X y ; : y \ p =z  the  Param.  in  the  laft. 

dC 

The  Parameter  is  equal  to  the  double  ordinate  drawn 
through  the  focus  of  any  of  the  three  conic  fedlions. 

PARAl'ET,  ox  Breajlzuorh,  in  Fortification,  is  a de- 
fence or  fcrcen,  on  the  extreme  edge  of  a rampart,  or 
other  work,  ferving  to  cover  the  foldiers  and  the  cannon 
from  the  enemy’s  fire. 

The  thicknefs  of  the  Parapet  is  j8  or  20  feet,  com- 
monly lined  with  maionry  ; and  7 or  8 feet  high,  when 
tiie  enemy  has  no  command  above  the  battery;  other- 
wife,  it  fhouldbe  railed  higher,  to  cover  the  men  w'hile 

they 
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tliev  load  the  guns.  I'here  are  certain  openings,  called 
Kmhrafures,  cut  in  the  Parapet,  from  the  top  down- 
wards, to  within  about  i ^ or  3 feet  of  the  bottom 
of  it,  for  the  cannon  to  fire  tiirough  ; the  folid  pieces 
of  it  between  one  etnbraiurc  and  another,  being  called 
Merlons. 

Paratht  is  alfo  a little  bread-wall,  raifed  on  the 
brinks  of  bridges,  quays,  or  high  buildings  ; to  feme 
as  a day,  aud  prevent  people  from  falling  over, 

PAIIDJ ES '(Ignatio  s Gaston),  an  ingenious 
Iwench  mathematician  and  philofopher,  \i'as  born  at 
Pau,  in  tliC' province  of  Gafeony,  m 1636;  his  father 
being  a counfcllor  of  the  parliament  of  that' city. — • 
At  the  age  of  16  he  entered  into  the  order  of  Jefnits, 
and  made  fo  great  a proticiency  in  his  {Indies,  that  he 
taught  polite  literature,  and  compofed  many  pieces  in 
pi  ole  and  verfe  with  a didinguiihed  delicacy  of  thought 
and  dyle,  before  he  was  well  arrived  at  the  age  of  man- 
hood. Propriety  and  elegance  of  language  appear  to 
have  been  his  fird  purluits  ; for  whicli  purpofe  he 
dudied  the  Belles  Lettres,  and  other  learned  produc- 
tions. But  afterwards  he  devoted  himfelf  to  mathemati- 
cal and  philofophical  dudies,  and  read,  witli  due  atten- 
tion, 'the  mod  valuable  authors,  ancient  and  modern, 
in  thofe  fciences  : fo  that,  in  a fhort  time  he  made 
liimfelf  mailer  of  the  Peripatetic  and  Cartefian  .phllo- 
fophy,  and  taught  them  both  with  great  reputation. 
Notwithdanding  he  embraced  Cartefianifm,  yet  he 
affedted  to  be  rather  an  inventor  in  philofophy  himfelf. 
In  this  fpirit  he  fometimes  advanced  very  bold  opinions 
in  natural  philofophy,  which  met  with  oppofers,  who 
charged  him  with  darting  abfurdities  ; but  he  was  in- 
genious enough  to  give  his  notions  a plauhble  turn,  fo 
as  to  clear  them  feemlngly  froiTP  contradictions.  His 
reputation  procured  him  a call  to  Paris,  as  Profeffor 
of  Rhetoric  in  the  College  of  Lewis  the  Great.  He 
alfo  taught  the  mathematics  in  that  city,  as  he  had  be- 
fore done  in  other  places.  He  had  from  his  youth  a 
happy  genius  for  that  fcience,  and  made  a great  pro- 
grefs  in  it  ; and  the  glory  which  his  writings  acquired 
him,  raifed  the  highed  expeftations  from  his  future 
labours  ; but  thefe  were  all  bladed  by  his  early  death, 
in  1673,  at  37  years  of  age  ; falling  a viclim  to  his 
zeal,  he  having  caught  a contagious  diforder  by  preach- 
ing to  the  prifoners  in  the  Bicetre. 

Pardies  wrote  with  great  neatnefs  and  elegance. 
His  principal  works  are  as  follow : 

1 . Horologium  Thaumaticum  duplex;  1662,  in  4to. 

2.  Differtatio  de  Motu  et  Natura  Cometarum ; 
1665,  8vo. 

3.  Difeours  dll  Mouvement  Local ; 1670,  i2mo. 

4.  Elemens  de  Geometiie  ; 1670,  i2mo.- — This  has 
been  tranflated  into  feveral  languages  ; in  Lnglifli  by 
l)r.  Harris,  in  17 ii. 

5.  Difeours  de  la  Connoiifance  des  Betes ; 1672, 
l2mo. 

6.  Lcttre  dhin  Philo fophe  a un  Cartefien  de  fes 
amis;  1672,  12  mo. 

7.  La  Statique  ou  la  Science  des  Forces  Mouvantes; 
1673,  i2mo, 

8.  Defeription  et  Explication  de  deux  Machines 
propres  a faire  des  Cadrans  avec  une  grande  facilite  ; 
1673,121x10. 

Remarques  du  Mouvement  de  la  Lumierc. 
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10.  Glohi  Coeleflis  in  tabula  plana  redadti  Defen’p- 
tio  ; 1675,  folio. 

Part  of  his  works  were  printed  together,  at  tlie 
Hague,  i6gi,  in  i2mo;  and  again  at  Lyons,  1725. — ^ 
Pardies  had  a difpute  alfo  with  Sir  Ifaac  Newton, 
about  his  New  Theory  of  Light  and  Colours,  in  1672. 
His  letters  are  inferted  in  the  Philofophical  Tranfac*. 
tioris  for  that  year. 

.PARENT  (Anthony),  a refpedlable  French  ma- 
ihernaticiaD,  was  born  at  Paris  in  1666.  He  fhewed 
an  early  propenfity  to  the, mathematics,  eagerly  peru- 
fjng  inch  books  in  that  fcience  as  fell  in  his  way.  His 
cuftom  was  to  write  remarks  in  the  margins  of  the 
books  he  read  ; and  in  this  way  he  had  filled  a number 
of  books  with  a kind  of  commentary  by  the  time  he 
was  13  years  of  age. 

Soon  after  this  he  was  put  under  a mailer,  who 
taught  rhetoric  , at  Chartres.  Here  he  happened  to 
fee  a dodecaedron,  upon  every  face  of  which  was  deli- 
neated a fun-dial,  except  the  lowefl  on  which  it  flood. 
Struck  as  it  were  inllantaneoiilly  with  the  curiofity 
of  thefe  dials,  he  attempted  drawing  one  himfelf : but 
having  only  a book  which  taught  the  pradlical  part, 
without  the  theory,  it  was  not  till  after  his  mailer  came 
to  explain  the  doctrine  of  the  fphere  to  him,  that  he 
began  to  underlland  how  the  projedlion  of  the  circles 
of  the  fphere  formed  fun-dials.  He  then  undertook 
to  write  a treatife  upon  gnomonics.  To  be  fure  the 
piece  was  rude  and  unpolillied  enough  ; however,  it 
was  entirely  his  own,  and  not  borrowed.  About  the 
fame  time  he  wrote  a book  of  geometry,  in  the  fame 
tafte,  at  Beauvais. 

His  friends  then  fent  for  him  to  Paris  to  fludy  the 
**  law'’ ; and  in  obedience  to  them  he  went  through  ^ 
courfe  in  that  faculty  : which  was  no  fooner  finillied 
than,  urged  by  his  paffion  for  mathematics,  he  Unit 
himfelf  up  in  the  college  of  Dormans,  that  no  avoca- 
tion might  take  him  from  his  beloved  fludy : and,  with 
an  allowance  of  lefs  .than  200  livres  a-year,  he  lived 
content  in  this  retreat,  from  which  he  never  llirred  but 
to  the  Royal  College,  to  hear  the  ledlures  of  M.  de  la 
Hire  or  M.  de  Sauveur.  When  he  thought  himfelf 
capable  of  teaching  others,  he  took  pupils  : and  forti- 
fication being  a branch  of  fludy  which  the  war  had 
brought  into  particular  notice,  he  had  often  occafion 
to  teach  it : but  after  fome  time  he  began  to  entertain 
fcruples  about  teaching  a fubjedl  he  had  never  feen, 
knowing  it  only  by  imagination.  He  imparted  this 
fcruple  to  M.  Sauveur,  who  recommended  him  to  the 
Marquis  d’Aligre,  who  luckily  at  that  time  ivanted  to 
have  a mathematician  'vsfith  him.  M.  Parent  made  two 
campaigns  ivith  the  marquis,  by  -which  he  inflruAcd 
himfelf  fufficiently  in  viewing  fortified  places  ; of  which 
he  drew  a number  of  plans,  though  he  had  nev'cr 
learned  the  art  of  drawingf. 

From  this  period  he  fpent  his  time  in  a continual  ap- 
plication to  the  fludy  of  natural  phiiofopliy,  and  ma- 
thematics in  all  Its  branches,  both  fpeculatlve  and  prac- 
tical ; to  which  he  joined  anatomy,  botany,  and  che- 
millry  : — his  genius  joined  with  his  indefatigable  ap* 
plication  overcoming  every  thing. 

M.  de  Blllettes  being  admitted  into  the  Academy 
* of  Sciences  at  Paris  in  1699,  with  the  title  of  their 
mechanician,  he  named  M.  .Parent  for  his  eleve  or  dif- 
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ci'ple,  a branch  of  mathematics'  in  which  he  chiefly 
excelled.  It  was  foon  difcovered  in  tin's  fociety,  that 
he  engaged  in  all  the  different  fubjects  which  were 
brought  before  them  ; and  indeed  that  lie  had  a hand 
in  every  thing.  But  this  extent  of  knowledge,  joined 
to  a natural  warmth  and  impctiiofity  of  temper,  railed 
a fpirit  of  contradiction  "in  him.  which  he  indulged  on 
all  occafions  ; lometimes  to  a degree  of  precipitancy 
■that  was  highly  culpable,  and  often  with  but  little 
regard  to  decency.  Indeed  the  lame  behaviour  was 
returned  to  him,  and  the  papers  wliich  he  brought  to 
the  academiv  were  often  treated  with  niucli  feverity. 
In  his  produdlions,  he  was  charged  with  ohfeurity  ; a 
fault  for  which  he  was  indeed  fo  notorious,  that  he  per- 
ceived it  himfelf, -and  could  not  avoid  correcting  it. 

By  a regulation  of  the  academy  in  1716,  the  clafs 
of  eleves  was  fuppreffed,  as  that  (iillincLion  feemed  to 
put  too  great  an  inequality  between  the  m.embers.  M. 
Parent  was  m.ade  an  adjunt!:!  ^or  affiftant  member  for 
the  clafs  of  geometry  ; tiiough  he  enjoyed  this  promo- 
tion but  a very  fnoit  tim.e  ; being  cut  off  by  the  i'mall- 
pox  the  fame  year,  at  50  years  of  age. 

M,  Parent,  bcfides  leavingmany  pieces  in  maniifcript, 
piibliflied  the  following  works  : 

1.  Elemens  de  Mccanique  & de  Phyfique  ; in  12 mo, 
1700. 

2.  Rccherches  de  Mathematiqiics  <Sc  de  Phylique; 

3 vols.  qto,  1 7 14. 

3.  Arithmetiqiic  theorico-pratique  ; in  8vo,  1714. 

4.  A great  multitude  of  papers  in  the  volumes  of  the 
Memoirs  of  the  Academy  of  Sciences,  from  the  year 
tyoo  to  1714,  feveral  papers  in  almoft  every  volume, 
upon  a variety  of  branches  in  the  mathematics. 

PARGETING,  in  Building,  is  iifed  for  the  plaif- 
tering  of  walls  ; fometirnes  for  plaifter  itfelf. 

PARHELION,  or  Parhelium,  denotes  a mock 
fun,  or  meteor,  appearing  as  a very  bright  light  by 
the  fide  of  the  fun  j being  formed  by  the  refleGion  of 
his  beams  in  a cloud  properly  fituated. 

Parhelia  ufually  accompany  the  coronas,  or  luminous 
circles,  and  are  placed  in  the  fame  circumference,  and 
at  the'  fame  height.  Their  colours  refcmble  thofe  of 
the  rainbow  ; the  red  and  yellow  are  on  that  fide  to- 
wards the  fun,  and  the  blue  and  violet  on  the  other. 
Though  coronas  are  fometirnes  feen  entire,  without  any 
Parhelia ; and  fometirnes  Parhelia  without  coronas. 

The  apparent  fize  of  Parhelia  is  the  fame  as  that  of 
the  true  fun  ; but  they  arc  not  always  round,  nor  always 
fo  bright  as  the  fun  ; and  when  feveral  ajipear,  fome  are 
brighter  than  others.  They  are  tinged  externally  with 
colours  like  the  rainbow,  and  many  of  them  have  a 
long  fiery  tail  oppofite  to  the  fun,  but  paler  towards 
the  extremity.  vSome  Parhelia  liavc  been  obferved 
with  two  tails  and  others  with  three.  Thcfe  tails 
moftly  appear  in  a white  liorizonta!  circle,  commonly 
paffing  through  all  the  Parhelia,  and  would  go  through 
the  centre  of  the  fun  if  it  were  entire.  Sometimes 
there  arc  arcs  of  leffer  circles,  concentric  to  this,  touch- 
ing thofe  coloured  circles''  wliich  furround  the  fun  : 
thefe  are  alfo  tinged  with  colours,  and  contain  otlicr 
Parhelia. 

^ Parhelia.are  generallyfituated  in  the  interfeclions  of 
circles;  but  Caffini  fays,  thofe  which  he  faw  in  1683, 
were  on  the  outfide  of  tlic  coloured  circle,  though  the 
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tails  were  in  the  circle  that  was  parallel  to  the  horizon. 
M.  Aepinus  apprelmnds,  that  Parhelia  with  elliptical 
corons  are  more  frequent  in  the  northern  regions,  and 
thofe  with  circular  ones  in  the  jbulhern.'  Thev'  ha-/e 
been  vifible  for  one,  two,  three,  or  four  hours  to- 
gether ; and  it  is  Laid  that  in  Nortli  America  they 
continue  levcral  day's,  and  arc.viiihlc  from  fun-rife  to 
fun-fet.  'When  the  Parhelia  difappeal', , it  fometinvjs 
rains,  or  there  tails  fnow  in  the  form  of  oblong  fpiciiLe, 
And  Maiiolte  accounts  for  the  appearance  of  Parhelia 
from  an  mliriity  of  fundi  particles  of  ice  floating  in 
the  air,  winch  mulLiply  tb'*  image  of  the  fun,  either 
bv  refradting  or  breaking  hn’s  rays,  and  thus  making 
h.im  appear  where  he  is  not  ; or  by  rcflodting  them, 
and  ferving-  as  m.irrors.  ^ 

Moil  philotophers  have  written  upon  Parhelia  ; as 
Andotle,  Fhny,  vScheinei',  Gaffendi,  l^es  Cartes,  Huy- 
gens, Hcvelius,  De  la  Ilire,  Caifini,  Grey,  Halley, 
hlaraldi,  Miiflchenbroek,  See.  See  Smith's  Optics, 
book  I,  cirap.  1 1.  Alfo  Priefi ley’s  Hift.  of  Light  Sre, 
p.  613.  And  Muuchenbfoek’s  introduclion  S:c,  vol.  2, 
p.  1038  quarto. 

PARODICAL  Degrees,  in  an  equation,  a term, 
tliat  has  been  Sometimes  iifed  to  denote  the  feveral  re- 
gular terms  in  a quadratic,  cubic,  biquadratic,  &c, 
equation,  when  the  indices  of  the  powers  afeend  or 
delcend  orderly  in  an  arithmetical  progreffion.  Thus,’ 


A"'  + -|-  nx  ~ p a cubic  equation  where  no 

term  is  wanting,  but  having  all  its  Parodic  Degrees; 
the  indices  of  the  terms  regularly  defeending  thus, 
3,2,  I,  c. 

PART,  jUrquant,  Aliquot,  Circular  Proportional^ 
Similar,  See.  ^ See  the  refpeclive  adjedlives. 

Part  of  Foriuue,  in  Judicial  Aftrology,  is  the  lunar, 
horofeope  ; or  the  point  In  which  the  moon  is,  at  the 
time  when  the  fun  is  in  the  afeending  point  of  the  eaft. 

The  fun  in  the  afeendant  is  fuppofed,  according  to 
this  fcience,  to  give  life  ; and  the  moon  difpenfes  tlie 
radical  moifture,  and  Is  one  of  the  caufes  of  fortune. 
In  horofeopes  the  Part  of  Fortune  is  reprefented  by  a 
circle  divided  by  a crofs; 

PARTICLE,  the  minute  part  of  a body,  or  an 
affemblage  of  feveral  of  the  atom.s  of  which  natural 
bodies  are  compofed.  Particle  is  fometirnes  confider- 
ed  as  fynonymous  with  atom,  and  corpufcle ; and 
fometirnes  they  are  diilihguiflred. 

Particles  are,  as  it  were,  the  elements  of  bodies  ; 
by  the  various  anvarigement  and  texture  of  which,  with 
the  difference  of  tlie  cohelion,  See,  are  conffitiited  tlie 
feveral  kinds  of  bodies,  hard,  foft,  liquid,  dry,  heavy, 
light,  ^cc.  The  fmalleft  Particles  or  corpufcles  cohere 
with  the  ffrongeli  attradlions,  and  always  compofe 
larger  Particles  of  weaker  cohefion  : and  ma'ny  of 
thefe,  cohering,  compofc  ftill  larger  Particles,  whofe 
vigour  is  ftill  weaker  ; and  fo  on  for  diycis  fuccefiions, 
till  tlie  progreffion  cud  in  the  largcft  Particles,  upon 
which  the  operations  in  chemiilry,  and  the  colours  ot 
natural  bodies,  depend  ; and  which,  by  cohering,  com 
pofe  bodies  of  fenfiblc  magnitude. 

PARTILE  Afpc3,  in  Aftrology,  is  when  tlie 
planets  are  in  the  exadl  degree  of  any  particular  afpcT. 
in  contradiffindlion  to  Platic  Afpeeff , or  when  they  do 
not  regard  each  other  with  thofe  very  dcin-ees.  ’ See 
Aspect.  ^ 
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PARTY  y/refo,  m ArclYteaure,  are  arches_ built 
between  ieparate  tenures,  where  the  property  is  in- 
termixed,  and  apartments  over  each  other  do  not  belong 
to  the  fame  eftafe. 

Party  JVafls,  are  partitions  of  brick  made  between- 
buildings  in  ieparate  occupations,  for  preventing,  the 
fprcad  of  Tire.  Thefc  are  made  thicker  than  the  exter- 
nal walls  j and  their  thicknels  in  London  is  regulated 
by  ad  of  parliament  of  the  l--4th  of  George  the  Third. 

PASCAL  (Blaise),  ir  refpedable  French  mathe- 
matician  and  phirofopher,  and  one  of  tlie  gr^eateft 
ceiiuiies  and  belt  writers  that  country  has  proQuced. 
ITc  was  born  at  Clermont  in  Auvergne,  in  the  y^^^^ 
1623.  His  father,  Stephen- Ikifcal,  was  prefident  of 
the  Court  of  Aids  in  his  province  s he  was  alfo  a very 
learned  man,  an  able  mathematician,  and  a fiiend  of 
Des  Cartes.  Having  an  extraordinary  tendernefs  for 
this  child,  his  only  ion,  he  quitted  his  office^  in  his 
province,  and  fettled  at  Pans  ni  163^5  that  he  miglit^be 
quite  at  leifure  to  attend  to  his  foti’s"  education,  which 
he  conducted  himfcli,  and  young  Pafcal  never  had 
any  other  mafter. 

From  his  infancy  Blaife  gqve  proofs  of  a very  ex- 
traordinary capacity.  He  was  extremely  inqiiiiitive  ; 
defiring  to  know  the  reafon  of  every  thing  ; and  wdien' 
good  reaions  were  not  given  him,  he  would  feck-  tor 
-better ; nor  would  he  ever  yield  his  affent  but^  upon 
fuch  as  appeared-  to  him  well  grounded.  What  is  told 
of  his  manner  of  learning  the  mathematics,  as  well  as^ 
the  progrefs  he  quickly  made  in-  that  fcience,  feems 
almofl  miraculous.  His  father,  perceiving^  in  him  am 
extraordinary  inclination  to  reafbning,  was  alraid  left  the 
knowledge  of  the  mathematics  -might  hinder  his  learn- 
ing the  languages,  fo  neceffaryas  afoundationto  all  found 
learning.  He  therefore  kept  himas  rauch  ashe  could  from 
all  notions  of  geometry’’,  locked  up  all  his  books  of  that 
kind,  and  refrained  even  from  Ipeaking  of  it  in  his  pre- 
fence.  He  could  not  how^ever  prevent  his  foil  from 
raufing  on  that  fcience  ; and  one  day  in  particular  he 
furprifed  him  at  work  with  charcoal  upon  liis  chamber 
floor,  and  in  the  midft  of  figures.  The  father  aflced 
him  wdiat  he  was  doing  : I am  fearching,  fays  Pafcal, 
for  fuch  a thing;  which  was  juft  the  fame  as  the  32d 
propofition  of  the  ift  book  of  Luclid.  He  aficed  hiruv 
then  how  he  came  to  think  of  this  : It  was,  fays  Blaife, 
becaufe  I found  out  fuch  another  thing  ;;  and  fo,  go- 
ing backward,  and  ufing  the  names  of  bar  and  rounds 
he  came  at  length  to  the  definitions  and  axioms  he  had 
formed  to  himftlf.  Does  it  not  feem  miraculous,  that 
a boy  fhould  work  his  way  into  the  heart  of  a mathe- 
maticiil  book,  without  ever  having  feen  that  or  any 
other  book  upon  the  fubjeA,  or  knowing  any  thing  of 
the  terms  ? Yet  we  are  allured  of  the  truth  of  this  by 
his  fifter,  Madam  Perier,  and  feveral  other  perfons,  the 
credit  of  wliofe  teftimoiiy  cannot  reafoiiabiy  be  q.uef- 
tioned. 

From  this  time  he  had  full  liberty  to  indulge  his 
genius  in  mathematical  purfiiitvS.  ITe  underftood  Lu- 
clid’s  Elements  as  foon  as  he  call  his  eyes  upon  them. 
At  1 6 years  of  age  he  wrote  atreatife  on  Conic  Sections, 
which  was  accounted  a great  effort  of  genius ; and 
therefore  it  is  no  wonder  that  Des  Cartes,  who  had 
been  in  Flolland  a long  time,  upon  reading  it,  lliould 
iihoofe  to  believe  that  M.  Pafcal  the  father  was  the 
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real  author  of  it.  At  19  he  contrived  an  admirable 
arithmetical  machine,  which  was  efteemed  a very  won-- 
derful  thing,  and  would  have  done  credit  as  an  inven- 
tion to  any  man  verled  iu  fcience,  and  much  more  to - 
fuch  a youth. 

About  this  time  his  health  became  impaired,  fo  - 
that  he  was  obliged  to  fufpend'  his  labours  for  the  fpace 
of  four  years.  After  this,  having  Been  Torricelli’s  ex- 
periment refpeefing  a vacuum  and  tlie  weig-ht  of  the' 
air,  he  turned  his  thoughts  towards- thtfs  objects,  and 
Undertook  feveral  new  experiments;  one  of  which  was- 
as  follows  : Having  provided  a glals  tube,  46  feebin 
length,  open  at  one  end,  and  hermetically  lealed  at 
the  other,  he  filled  it  with  red  wine,,  that  he  might 
diftinguifli  the  liquor , from  the  tube,  and  flopped  up  '■ 
the  orifice;  then-  having  inverted  it,  and  placed  it  in- 
a vertical  pofition,  with  the  lower  end  immer-fed  into 
a veiTel  of  water  one  foot  deep,  he  opened  the  lower 
end,  and  the  wine-  defeended  to  the  diflanoe  of  about 
32  feet  from  the  furface  of  the  vefTel,  leaving  a confi- 
dcrable  vacuum  at  tire  upper  part  oi  the  tube.  He 
next  inolined  the  tube  gi-adually,  till  the  upper  end^ 
became  only  of  32' feet  perpendicular  height  above  the 
bottom,  and  he  obferved  tlie  liquor  proportionally 
afeend  up'  to  die  top  of  the  tube.  He  made  alfo  a- 
great  many  expeidments  with  fiphons,  fyringes,  bel-- 
lows,  and  all  binds  of  tubes,  making  ufe  of  different^ 
liquors,  fuch  as  quickfilvery  water,  wine^  oil,  &c  ; and-*  1 
having  publiflied  them  in  1647,  he  difperfed  his  work-  ; 
throughmll  countries. 

All  thefe  experiments  however  only  afeertained’ 
eftedls,  without  demonftratmg  the  caufes.  PaicaF 
knew  that  Torricelli  conjedlured  that  thofe  pheno-  ^ 
mena^  which  he  had  obferved  w'ere  occafioned  by  the  ' 
weight  of  the  air, ’though  they  had  formerly  been, 
attributed  to  Nature’s  abliorrence  of  a vacuum  ; but 
if  Torricelli’s  theory  were  true,  he  reafoned  that  the-  ' 
liquor  in  the  barometer  tube  ought  to  (land  higher  at*- 
the  bottom  of  a liill,-  than  at  the  top  of  it.  In  order ' 
therefore  to  dlfcover  the  ti-uth  of  this  theory,  he  made 
an  experiment  at  the  top  and  Bottom  of  a mountain  in  - 
Auvergne,  called /e  Pity  de  Dome,  therefultofwliichgave- 
him  reafon  to  conclude  that  the  air  wasTndeed  heavy.' 
Of  tliik experiment  he  publiflied  an  account,  and  fent- 
coptes  of  it  to  moft  of  the  learned  men  in  Europe.  He 
alfo  renewed  it  at  the  top  and  bottom  of  feveral  hlgh> 
towers,  as  thofe  of  Noti-e  Dame  at  Paris,  St.  Jaquesf^'- 
de  la  Boiicherie,  ; and  always  remarked  the  fame' 
difference  in  the  weight  of  the  air,  at  different  eleva-  ji 
tions.  This  fully  convinced  him  of  the  general  pref--  li 
fare  of  the  atmofphere  ; and  from  this  difcovery  he ' 
drew  manv  ufefal'  and-  import'ant  inferences^.  He 
compofed  alfo  a large  treatife,  in  which  he  fully  ex- 
plained this  fubjedf,..  and  replied’ to  all  tlie  objeefionS’ 
that  had  been  ftarted  againft  it..  As  he  afterwards- 
thought  this  work  rather  too  prolix,  and  being  fond 
of  brevity  and  precifion,  he  divided  it  into  two  fmalf 
treatifes,  one  of  which  he  intitled,  A Differtation  on 
the  Equilibrium  of  Fluids  ; and  the  other,  An  Effay 
on  the  Weight  of  the  Atmofphere.  Thefe  labours 
procured  Pafcal  fo  much  reputation,  that  the  greateft 
mathematicians  and  philofophers  of  the  age  propofed 
various  queftions  to  ‘him,  and  confulted  him  refpedling 
fuch  difficulties  as  they  could  not  refglve.  Upon  one 
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thefe  occafions  Ke  difcovered  the  foKttion  of  a pro- 
T)Iem  proj>ofecl  by  Merfenne,  whi-cli  had  baffled  the 
penetration  of  all  that  had  attempted  it.  This  problem 
was  to  determine  the  curve  deferibed  in  the  air  by  the 
nail  of  a coach-wheel,  while  the  machine  is  in  motion; 
which  curve  was  thence  called  a roullette,  but  now 
■ commonly  known  by  the  name  of  cy.-doid.  Pafcal 
offered  a reward  or  40  piltoles  to  any  one  wlro  fliould 
give  a fatisfaftory  anfwer  to  it.  No  perfon  having 
fucceeded,  he  piiblifhed  Ids  own  at  Paris  ; but  as  he 
began  now  to  be  difgulled  with  tlie  Iciences,  he  would 
not  let  his  real  name  to  it,  but  lent  it  abroad  under 
'that  of  A.  d’Ettonville.' — This  was  the  Tad  work  which 
he  publilhed  in  the  mathematics  ; his  infirmities,  from 
a delicate  conftitution,  though  Hill  young,  now  in- 
'Crealing  fo  much,  tliat  he  was  under  the  necelTity  of 
renouncing  fevere  llndy,  and  of  living  fo  rechife,  that 
lie  fcarcely  admitted  any  perfon  to  fee  him. — Another 
fubjeft  on  wliich  Pafcal  wrote  very  ingenioiifiy,  and 
in  which  he  has  been  fpeken  of  as  an  inventor,  was 
•what  has  been  called  I'u’s  Arithmetical  Triangle,  being 
a fet  of  figurate  numbers  difpofed  iu  that  form.  But 
Inch  a table  of  numbers,  and  many  properties  ol 
them,  had  been  treated  of  more  than  a century  before, 
by  Cardan,  Stifelius,  and  other  arithmetical  writers. 

After  having  thus  laboured  abundantlv  in  mathc- 
■tnatical  and  philofophical  difquifitions,  he  forluok 
thofe  Ihidies  and  all  human  learning  at  once,  to  devote 
•lumfelf  to  adfs  of  devotion  and  penance.  He  was  not 
24  years  of  age,  when  the  reading  loine  pious  books  had 
put  him  upon' taking  this  refolution  ; and  he  became  as 
great  a devotee  as  any  age  has  produced.  Pie  now 
gave  hirafelf  up  entirely  to  a Hate  of  prayer  and  mor- 
tification ; and  he  Iiad  always  in  his  thoughts  thefe 
.great  maxims  of  renouncing  all  pleafure  and  all  fuper- 
fliiity  ; and  this  he  praftifed  with  rigour  even  in  his 
illneffes,  to  which  he  was  frequently  fubjecl,  being  of  a 
'verr  invalid  habit  of  bodv. 

Though  Palcal  had  thus  abffrafled  himfelf  from  the 
world,  yet  he  could  not  forbear  paying  fome  attention 
to  what  was  doing  in  it  ; and  he  even  intcrelled  him- 
felf In  the  conteff  between  the  Jefuits  and  the  Janfe- 
niffs.  Taking  the  fide  of  the  latter,  he  wrote  his 
jMres  Provhidalesy  publillied  in  1656,  under  the  name 

Lows  de  Mont alte^  making  the  former  the  fubjedl  of 
ridicule.  “ Thefe  letters,  lays  Voltaire,  may  be  con- 
fidered  as  a model  of  eloquence  and  humour.  The 
bell  comedies  of  Moliere  have  not  more  wit  than  the 
firll  part  of  thefe  letters ; and  the  fublimltv  of  tlie 
latter  part  of  them,  is  equal  to  any  thing  in  Buffiiet. 
It  is  true  Indeed  that  the  wliole  book  was  built  upon  a 
falfe  foundation  ; for  the  extravagant  notions  of  a few 
opanllh  and  Flcmiih  Jefuits  were  artfully  aferibed  to 
the  whole  focicty.  Many  ahfurditics  might  likewil'e 
have  been  dilcovered  among  the  Dominican  and  Fran- 
cifcaii  cafuills  ; but  this  would  not  have  anfwered  th£ 
purpofe  ; for  the  whole  raillery  Was ' to  be  levelled  only 
at  the  Jefuits.  d.  hefe  letters  were  intended  to  prove, 
that  the  Jefuits  had  formed  a delign  to  corrupt  man- 
kind ; a delign  wlfiTh  no  fe6l  or  lociety  ever  had,  or 
•can  have.”  \Tltaire  calls  Pafcal  the  full  c>f  their  fa- 
tirids ; for  Delpreaux,  fcys-he,  mull  be  confidered 
as  only  the  lecond.  In  aiiotlier  place,  fpcaking  of 
this  work  of  Pafcal,  he  fays,  that  “ Exeunples  of  all 


the  various  Ipecies  of  eloquence  are  to  be  found  in 
it.  Though  it  has  now  been  written  almoib  loa 
years,  yet  not  a fingle  word  occurs  In  it,  favouring  of 
that  vicilfitude  to  v/hich  living  languages  are  fo  fubje<f'l. 
Here  then  we  are  to  fix  the  epoch  when  our  language 
may  be  fa  id  to  have  aiTumed  a fettled  form.  The 
bidiop  of  Imicon,  fon  of  the  celebrated  P3udy,  told 
me,  that  afiving  one  day  the  bifiiop  of’  Meaux  what 
work  he  would  covet  moll  to  be  the  author  of,  fup- 
poling  his  own  peiformances  let  afide,  Boffu  replied. 
The  Provincial  I.etterS,”  Thefe  letters  have  been 
tranllated  into  all  languages,  and  printed  over  and 
over  again,  borne  have  laid  tliat  there  were  decrees 
of  formal  condernnacion  againll  them  , and  alfo  that 
ITlcal  himfelf,  in  his  lad  iilnefs,  detededthem,  and  re- 
pented cf  liavlng  been  a jaufeniit  : but  both  thefe 
particulars  are  fallc  and  without  foundation.  It  wml 
luppolcd  that  Father  Daniel  was  the  anonymous  au- 
thor of  a piece  againll  them,  intltled  Tke  Dialogues 
cj  Cicatuhr  and  Eudoxus. 

Palcal  was  but  about  30  years  of  age  wiien  thefe  let- 
ters were  publi  died  ; yet  he  was  extremely  Infirm,  and  his 
dilorders  increaling  foon  after  lb  much,  that  he  con- 
ceived  his  end  fall  app;-oaching,  he  gave  up  all  farther 
thoughts  of  literary  com.pofition.  He  refolved  to 
fpend  the  remainder  of  his  days  in  retirement  and 
pious  meditation  ; and  with  this  view  he  broke  off  all 
his  former  coimedlions,  changed  his  habitation,  and 
Ipoke  to  no  one,  not  even  to  his  own  fervants,  and 
hardly  ever  even  admitted  them  into  his  room.  He 
made  his  own  bed,  fetched  his  dinner  from  the  kitchen, 
and  carried  back  the  plates  and  didies  in  the  evening;  fo 
that  he  employed  his  lervants  only  to  cook  for  him,  to 
go  to  town,  and  to  do  fuch  other  things  as  he  could  not 
ablolutely  do  himlclf.  In  his  chamber  nothing  was 
to  be  feen  but  two  or  three  chairs,  a table,  a bed, 
aiKl  a few  books.  It  had  no  kind  of  ornament  wliat- 
ever  ; lie  had  neither  a carpet  on  the  floor,  nor  cur- 
tains to  his  bed.  But  this  did  not  prevent  him  from 
fometirnes  recelring  vifits;  and  when  his  friends  ap- 
peared lurprifed  to  fee  him  thus  without  furniture,  he 
replied,  that  he  had  what  was  neceffarv,  and  that  anv 
th  mg  clfe  would  be  a luperfluitv,  unworthy  of  a wife 
man.  Fie  employed  lu's  time  in  prayer,  and  in  reading 
the  Scriptures  ; writing  down  fuch  tliouglits  as  this 
exercife  inlpircd.  Though  his  continual  infirmi- 
ties  obliged  him  to  tile  very  delicate  food,  and  though 
Ills  fervants  employed  the  utmoll  care  to  provide  only 
what  was  excellent,  he  never  rehllied  what  he  ate,  and 
fcemed  quite  indificrent  ivhether  they  brought  him 
good  or  bad.  His  iiididcrence  in  this  refpeA  ivas  fo 
great,  that  though  his  tade  was  not  vitiated,  he  forbad 
any  laucc  or  ragout  to  be  made  for  him  which  might 
excite  his  appetite. 

Though  Pafcal  had  now  given  up  iiitenfe  fcudy,  and 
though  he  lived  m tlie  moll  temperate  manner,  his 
health  continued  to  decline  rapidly  ; and  his  diforders 
had  io  enleebltd  his  organs,  that  his  realon  became 
in  fome  meafure  affedted.  Fie  always  imagined  that  he 
law  a deep  abyfs  on  one  lidc  of  him,  and  he  never 
would  fit  down  till  a chair  was  placed  there,  to  lecurc 
lilm  from  the  danger  which  he  apprehended.  At  • 
another  time  he  pretended  that  he  had  a kind  of  vlfion 
or  eedafy  ; a iiienioranduna  of  \vhich  he  preferved 
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during  the  remainder  of  his  life  on  a bit  of  paper, 
pat  between  the  cloth  and  the  lining  of  his  coat,  and 
which  he  always  carried  about  him.  After  lan- 
giiiihinp'  for  feveral  vears  in  tins  imbecile  date  of  body 
and  mind,  M.  Fafcal  died  at  Paris  the  icjtli  of  Aiigull 
1662,  at  39  years  of  age. 

In  company,  Pafeal  was  didinguilhed  by  toe  ami- 
ablenefs  of  his  behaviour  ; by  great  modedy  ; and  by 
his  eafy,  agreeable,  and  inihuctive  coiiveriation.  ^He 
poffeiled  a natural  leiud  of  elc»t|ucncc,  w hich  ivas  111^  a 
manner  irreliitible.  d he  arguments  lie  employ  ed  for 
the- mod  part  produced  the  elTea  whicii  he*  propofed; 
and  though  his  a-bilities  intilled  him  to  affuine  an,  an 
of  fuperionty,  he  never  difplayed  that  haughty  and 
imperious  tone  which  may  often  be  obferved  in  men 
of  fhining  talents.  The  philofophy  of  this  extraordi- 
nary man  confided  in  renouncing  all  pleafui e,  ^ and 
every  fiiperhuity.  Ke  not  only  denied  himfelr  the 
mod  common  gratifications  ; but  he  took  alfo  with- 
out reludlance,  and  even  with  pleafure,  either  as 
nouri fitment  or  as  medicine,  whatever  wnas  difagreeable 
to  the  fenfes  ; and  he  every  day  retrenched  feme  part 
of  his  drefs,  food,  or  other  things,  which  lie  confidered 
as  not  abfolutely  neceiTary,  Towards  the  clofe  of  his 
life,  he  employed  himfelf  wholly  in  devout  and  moral 
refiedions,  writing  down  thofe  which  he  deemed  worthy 
of  being  preferved.  The  fird  bit  of  paper  he  could  find 
was  employed  for  this  purpofe  ; and  he  commonly  fet 
down  only  a few  words  of  each  fentence,  as  he  wrote 
them  merely  for  his  own  ufe.  The  (craps  of  paper 
upon  v/liich  he  had  written  thefe  thoughts,  were  found 
after  his  death  filed  upon  different  pieces  of  firing, 
without  any  order  or  connedlion  ; and  being  copied 
exactly  as  they  were  written,  they  were  afterward 
arranged  and  publifhed,  under  the  title  of  Penfees^  frfc# 
or  Phoughti'  upon  Religion  and  other  SuhjeBs ; being 
parts  of  a work  he  had  intended  againil  atheids  and 
infidels,  which  has  been  much  admired.  After  his 
death  appeared  alfo  two  other  little  tradls  j the  one 
intitled,  P he  Equilllriufn  of  Fluids  ; and  the  other, 
Phe  Weight  of  the  IVIafs  of  Air. 

The  wmrks  of  Pafeal  were  cclledled  in  5 volumes 
8vo,  and  piibliflied  at  the  Plague,  and  at  Paris,  m 1779. 
This  edition  of  Pafcal’s  works  may  be  confidered  as 
the  fird  pubhihed  ; at  lead  the  greater  part  of  them 
rvere  not  before  collefiied  into  one  body,  and  feme  of 
them  had  remained  only  in  manufenpt.  For  this  col- 
lection, the  public  were  indebted  to  the  Abbe  Bofiii, 
and  Pafeal  was  deferving  of  fuch  an  editor. 
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extraordinary  man,  fays  he,  inlierited  from  nature  all 
the  powers  of  genius.  Fie  veas  a mathematician  of 
the  fird  rank,  ...  profouiid  reafoner,  and  a fublime  and 
elegant  writer.  If  we  refieA,  that  in  a very  fliort 
life,  oppreffed  by  continual  infirmities,  he  invented  a 
curious  arithmetical  maclrine,  the  elements  of  the  cal- 
culation of  chances,  and  a method  of  refolving  various 
problems,  refpecling  the  cycloid  ; that  he  fixed  in  an 
irrevocable  mam  er  the  - wavering  opinions  of  the 
. learned  concernii  g the  weight  of  the  air  ; that  he 
wrote  one  of  the  completed  works  exilting  in  the 
French  language  ; and  that  in  his  Phoughts  there  are 
paffages  the  depltn’and  beauty  of  which  ai'e  incompa- 
rable-— we  can  hardly  belieye  that  a greater  genius  ever 
exiffed  in  any  age  or  nation.  All  thofe  who  had  oc- 


cafion  to  frequent  his  company  in  the  ordinary  com- 
merce of  tlic  world,  acknowledged  his  fuperiority  ; but 
it  excited  no  envy  againd  him,  as  he  was  never  fond 
of  (hewing  it.  Flis  converiation  indruCted,  without 
making  thofe  who  heard  him  fenfilrle  of  their  own  in- 
feriority ; aud  he  was  remarkably  indulgent  towards 
the  faults  of  others.  It  may  be  eafily  feen  by  his 
Provincial  Letters,  and  by  fome  of  his  other  w^orks, 
that  he  was  born  with  a great  fund  of  humour,  which 
his  infirmities  could  never  entirely  dedroy.  In  com- 
panyi  he  readily  indulged  in  that  harrnlefs  and  de- 
licate raillery  which  never  gives  offence,  and  which 
greatly  tends  to  enliven  converfation  ; but  its  princi- 
pal objedl  was  generally  of  a moral  nature.  For  ex- 
ample, ridiculing  thofe  authors  who  fay,  My  Book^  my 
Commentary^  my  Hjjlory,  they  would  do  better  (added” 
he)  to  fay',  Our  book^  our  Commentary^  our  Hijiory ; 
fince  there  is  in  them  much  more  of  other  people’s 
than  their  ow'n.” 

The  celebrated  Baley  too,fpeaking  of  this  great  man, 
fays,  a hundred  volumes  of  fermons  are  not  of  fo  much 
avail  as  a fimple  account  of  the  life  of  Pafeal.  His 
humanity  and  his  devotion  mortified  the  libertines 
more  than  if  they  had  been  attacked  by  a dozen  of 
rniffionaries.  In  fhort,  Bayle  bad  fo  high  an  idea  of 
this  phllofophcr,  that  he  calls  him  a paradox  in  the 
human  fpecies,  “ When  w'e  confider  his  chara6ler,  fay's 
he,  we  are  almoft  inclined  to  doubt  whether  he  was 
born  of  a woman,  like  the  man  mentioned  by'  luicre. 
tins  ; 

Ut  Fix  hum  ana  vldeatur  Jiirpe  creaiusd^ 

PATE,  in  Fortification,  a kind  of  platform,  like 
what  is  called  a Florfe-fiioe  ; not  always  regular,  but 
commtinly  oval,  cncompaffed  only'  wuth  a parapet,  and 
having  nothing  to  flank  it.  It  is  ufually  erecled  in 
marfliy  grounds,  to  cover  a gate  of  a town,  or  the 
like. 

PATH  of  the  Vertex^-^  term  frequently  ufed  by  Mr. 
Flamfteed,  in  his  Dodtrine  of  the  Sphere,  denoting  a 
circle,  deferibed  by  any  point  of  the  earth’s  furface, 
as  the  earth  turns  round  its  axis. 

This  point  is  confidered  as  vertical  to  the  earth’s 
centre  ; and  is  the  fame  with  what  is  called  the  vertex 
or  zenith  in  the  Ptolomaic  projedlion. 

The  femidiameter  of  this  Path  of  the  vertex,  is  al- 
ways equal  to  the  complement  of  the  latitude  of  the 
point  or  place  that  defcn'bes  it  ; that  is,  to  the  place’s 
alliance  from  the  pole  of  the  world. 

PAVILION,  in  Architedlure,  is  a kind  of  turret, 
or  building  ufually'  infulated,  and  contained  under  a 
fingle  roof  ; fometimes  fquare  and  fometimes  in  form 
of  a dome  : thus  called  from  the  refemblance  of  its 
roof  to  a tent. 

PAVO,  Peacock,  a new  conftcllation,  in  the  fouth- 
ern  heraifphere,  added  by  the  modern  aflronomers.  It 
contains  14  liars. 

PAUSE,  or  Rest,  in  Mufic,  a charadlcr  of  filence 
and  reff  ; calic'd  alfo  by  fome  a Mute  Figure  ; becaufe 
it  (bew's  that  fome  part  or  perfon  is  to  be  filent,  wfiiile 
the  others  continue  the  fong. 

PECK,  a rneafure  or  velfel  ufed  in  meafuring  grain, 
pulfe,  and  the  like  dry  fubftances. 

The  ftandard,  or  Winchefler  Peck,  contains  two 
gallons,  or  the  4th  part  of  a bufliel. 

PEDESTAL, 
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PEDESTAL,  in  Architefture,  the  loweft  part  of 
an  order  of  colaains  ; being  that  which  fuftains  the 
column,  and  fervcs  it  as  a foot  to  hand  upon.  It  is 
a fquare  body  or  dye,  with  a cornice  and  bafe. 

I'he  proportions  and  ornaments  of  the  Pedehal  are 
different  in=  the  different  orders.  Vignola  indeed,  and 
moff  of  the  moderns,  make  tlie  Pedtftal,  and  its  or- 
naments, in  all  the  orders,  one  third  of  the  lieiofht  of 
the  column,  including  the  bafe  and  capital.  But  iome 
deviate  from  this  rule. 

Perrault  makes  the  proportions  of  the  three  confti- 
tuent  parts  of  Pedcllals,  the  fame  in  all  the  orders  ; 
viz,  the  bafe  one  fourth  of  the  Pedeffal  ; the  cornice 
an  eighth  part  ; and  the  fccle  or  plinth  of  the  bafe, 
two  thirds  of  the  bafe  itfelf.  The  height  of  the  dye 
is  what  remains  of  the  whole  height  of  tl^e  Pedeffal. 

, The  1 ujcafi  Pedestal  is  the  fimpleff  and  low’eff  of 
all;  from  3 to  5 modules  high.  It  has  only  a plinth 
far  its  bafe,  and  an  affragal  crowned  for  its  cornice. 

The  Doric  Pedestal  is  made  4 or  5 modules  in 
height,  by  the  moderns ; for  no  ancient  columns,  of 
this  order,  are  found  with  any  Pedeilal,  or  even  with 
any  bafe. 

The  Ionic  Pedestal  is  from  5 to  7 modules 

The  Corinthian  Pedestal  is  the  richeff  and  moff 
delicate  of  all,  and  is  from  4 to  7 n'vodules  high. 

The  Compofiie  Pedestal  is  of  6 or  7 modules  in 
height. 

Square  Pedestal,  is  one  whofe  breadth  and  height 
arc  equal. 

Double  Pedestal,  is  that  which  fupports  two  co- 
lumns, being  broader  than  it  is  high. 

Continued  Pedestal,  is  that  which  fupports  a row 
cf  columns  without  any  break  or  interruption. 

Pedestals  of  Statues,  are  thofe  ferving  to  fupport 
figures  or  ftatues. 

PEDIMENT,  in  Architecture,  a kind  of  low  pin- 
nacle ; ferving  to  crown  porticos,  or  finiffi  a frontif- 
piece  ; and  placed  as  an  ornament  over  gates,  doors, 
windows,  niches,  altars,  &c  ; being  ufually  of  a trian^ 
gular  form,  but  fom.etimes  an  arcli  of  a circle.  Its 
height  is  various,  but  it  is  thought  moff  beautiful  when 
the  height  is  one  fifth  of  the  length  of  its  bafe. 

PEDOMETER,  or  Podometer,  foot-meafurer, 
or  v/ay-wifer  ; a mechanical  inffrument,  in  foim  of  a 
watch,  and  confiffing  of  various  wheels  and  teeth  ; 
which,  by  means  of  a cliain,  or  ffring,  fafttned  to  a 
man’s  foot,  or  to  the  wheel  cf  a chariot,  advance  a 
notch  each  ffep,  or  each  revolution  of  the  wheel : by 
which  it  numbers  the  paces  or  revolutions,  and  fo  the 
ditlance  from  one  place  to  another. 

Pedometer  is  alio  (ometimes  iifed  for  the  com- 
mon furveying  wheel,  an  inffrument  chiefly  ufed  in 
meafuring  roads  ; popularly  called  the  way-wiffr.  See 
Perambulator. 

PEER,  in  Building.  See  Pier. 

PEGASUS,  the  Horfe,  a conftellation  of  the  north- 
ern hemifphere,  figured  in  the  form  of  a dying  horfe  ; 
being  one  of  the  48  ancient  conffellations. 

It  is  fabled,  by  the  Greeks,  to  have  been  the  ofF- 
fpring  of  an  amour  between  Neptune  and  the  Gorgon 
'Medufa  ; and  to  have  been  that  on  which  BcIIcrophoij 
rode  when  he  overcame  the  Chimera  ; and  that  flying 


a 


from  mount  Helicon  to  heaven,  he  there  became  a 
conftellation  ; having  thrown  his  rider  in  the  flight  ; 
and  that  the  ftroke  of  his  hoof  on  the  mount  opened  the 
facred  fountain  Hippocrene. 

The  ftars  in  this  conffellation,  in  Ptolemy’s  cata- 
logiie,  are  2C,  in  Tycho’s  19,  in  Hevelius’s  38,  and 
in  the  Britannic  catalogue  89. 

PELhCOIDitS,  or  Hatchet-form,  in  Geometry 
figure  in  form  of  a hatchet. 

As  the  figure  ABCDA,  con- 
tained under  the  femicircle 
BCD  and  the  two  quadrantal 
arcs  AB  and  AD. 

The  area  of  the  Pelecoides 
is  equal  to  the  fquare  AC, 
and  this  again  is  equal  to  the 
reftangle  BE.  It  is  equal  to 
the  fquare,  becaule  the  two 
legments  ABandAD,  which 
it  wants  of  the  fquare  on  the 
lower  part,  are  compenfated  by-  the  two  equal  fegments 
BC  and  CD,  by  which  it  exceeds  on  the  upper  part. 
And  the  fquare  is  equal  to  the  reffangle  BE,  becaufe 
the  triangle  ABD,  which  is  half  the  fquare,  is  alfo 
half  the  rcdangle  BE  of  the  fame  bale  and  height  with 
It. 


PELL  (Dr.  John),  an  eminent  Englifh  mathema- 
tician, defeended  from  an  ancient  family  in  Lincoln- 
fhlre,  was  born  at  Southwick  in  Suffex,  March  i, 
161C,  where  his  father  was  minifter.  He  received  his 
grammar  education  at  the  free-fehool  at  Stenning  In 
that  county.  At>the  age  of  13  he  was  fent  to  Trinity 
College  in  Cambridg-e,  being  then  as  good  a fcholar  as 
moff  maffers  of  arts  In  that  univcrfity  ; but  though  he 
was  eminently  fkilled  in  the  Greek  and  Hebrew  lan- 
guages, he  never  offered  himfelf  a candidate  at  the 
eledtion  offehoffars  or  fellows  of  his  college.  His  per- 
fon  was  handfome  ; and  being  of  a ftrong  conftitution, 
ufing  little  or  no  recreations,  he  profecuted  his  ftiidies 
with  the  more  application  and  intenfenefs. 

In  1629  he  drew  up  the  ‘‘  Defer iption  and  Ufe  cf 
the  ^laciranf,  <ivriitcv  for  the  Ufe  cf  a Friend, in  tnvo 
hooks;  the  original  manufcrlpt  of  whicli  is  ffill  extant 
among  his  papers  in  the  Royal  Society.  And  the 
fame  y’car  he  held  a correfpondence  with  Mr.  Briggs 
on  the  fubjcdl  of  logarithms. 

In  1630  he  wrote,  Modus  fiipputandi  Hphemerides 
Hjlro nomicas,  IFc,  ad  an.  1630  accommodatus  ; and,  A 
Key  to  unlock  the  meaning  of  'Johannes  Frithemius,  in  his 
Dijeourfe  of  Steganography  : which  Key  he  imparted  to 
Mr.  Samuel  Hartlib  and  Mr.  Jacob  Homcdie.  The 
fame  year  he  took  the  degree  of  Mailer  ©f  Arts  at 
Cambridge.  And  the  year  following  he  was  incorpo- 
rated in  the  Lniverfity'  of  Oxford.  June  the  yth,  he 
wrote  A Letter  to  Mr.  Edmund  Wingate  on  Logarithms  ; 
and  0£t.  5,  1631,  Comment ationcs  in  Cofmographiam 
Aljleflii. 


In  1632  he  m.arried  Ithamaria,  fecond  daughter  of 
Mr.  Henry  Regiiiolles  of  London,  by  whom  he  had 
four  fons  and  four  daughters.. — March  6,  1634,  hell- 
Aftronomical  Hijhry  of  Ohfervations  of  Hea.. 
vcnly  Motions  and  Appearances;  and  April  the  loth 
his  Ecliptica  Prognojiica,  or  Forcknonver  of  the  Eclipfes, 
In  1634  he  tranllated  Fhe  E-verlaJling  Fables  of 
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miniler.  But  he  died  at  the  Houle  of  Mr.  CothoinGj 
reader  of  the  church  of  St.  Giles’s  in  the  Fields,  De- 
cember tlie  iztli,  1685,  ill  the  74th  year  of  his  age, 
and  was  interred  at  the  expence  of  Dr,  Bufby,  mafter 
of  Wellminlrer  fchool,  and  Mr.  Sharp,  redlor  of  St« 
Giles’s,  in  the  redtor’s  vault  under  that  chuich. 

Dr.  Pell  publiHied  tome  other  things  not  yet  mention- 
ed, a lift  of  which  is  as  follows  viz, 

1.  An  Exercitation  concerning  Eafter  ; 1644,  m 

2.  A Table  of  10,000  fquare^numbers,  &c  ; 1672, 
folio. 

3.  An  Inaugural  Oration  at  his  entering  upon  the 
'.Frufeftbidhip  nt  Breda. 

4.  lie  made  great  alterations  and  additions  to  Rho* 
nius’s  Algehra,  printed  at  liOndon  1668,  4^^^>  under 
the  tith: 


^ 

of,  An 


Introduction  to  Algebra  ; traiillated 


out  of  the  High  Dutch  into  Englilli  by  Thom:is 


Branker,  inucii  altered  and  augmented  by  D.  1 . (D* 


Pell).  Alfo  a 


Fable  of  Odd  Numbers,  lefs  than 


AvHvn/v  grounded  upon  the  Obfcrvations  of  by  his  ill  ftate  of  health,  to  remove  to  the  ^ 

Irhmi;  a;;Agr"i"g-:th  Ln  all.  by  Philip  Lag-  grandchild  .,f  his  i.vSt 

berg,  of  Grhent  ill  Flanders.  And  June  the  1 2th,  the_  ,.„r  1...  Pi.  d ai  tnt  home  of  Mi.  Cotho  . 

tame  vear,  he  committed  to  writing,  1 he  U fa'tinci  oj 
Deducing  hts  Aflron-ovilcal  d nbirs  out  of  the  d (ihles  and 

Axioms  of  Philip  Lanjherg.^^\'e^rc\i  the  9th,  1635,  he 

wrote  A Letten  oj  Reniavhs  on  Crcllthyand  s A [dt/jevinttcnl 
Dijeourje  on  the  Variation  oj  the  JMaguetic  Needic.  And 
the  3d  of  June  following,  another  on  the  lame  lub- 
jeA. 

His  eminence  in  mathematical  knowledge  was  now 
fo  great,  that  he  w'as  thought  worthy  of  a profcfioi  s 4to. 
chair  in  that  fcicnce  ; and,  upon  tlie  vacancy  of^one^at 
Amfterdam  in  i639>  Sir  W illiam  Bofweil,^  tne  Englilh 
Reiident  with  the  Stares  General,  ufed  his  iiitereft,  tnat 
he  might  lucceed  in  that  proicfiorftiip  i it  was  not  filled 
up  however  till  1643,  when  Pell  \vas  chofen  to  it  ; and 
he  read  with  great  applaufe  public  leffures  upon  Di- 
ophantns. — In  1644  he  piinted  at  Amfterdam,  in  tvvo 
pages  4to,  A R.efutation  of  LongomontaniV s Dijeourfe^ 

De  Vera  Circuh  Merfura. 

In  1646,  on  the  invitation  of  the  Pnnee  of  Orange,^ 
he  removed  to  the  new  college  at  Breda,  as  Profeiior  oi 
Mathematics,  with  a falary  of  1000  gadders  a year. 

Elis  Idea  Mafhejeos^  which'H'e  had  addrelTed  to  Mr. 

Hartlib,  who  in  1639  had  fent  it  to  Des  Cartes  and 
'Merfenne,  was  printed  1650  at  I.;Ondon,  in  1.21110,  in 
Englifh,  with  the  title  of  An  Idea  oj  Mathematics, 
at  the  end  of  Mr.  John  Durie’s  Reformed  Eibrary- 
keeper.  It  is  alfo  printed  by  Mr.  Hook,  in  his  Philo- 
fophical  Colledlions,  No.  5,  p.  127  j S-ud  is  efteeined 
our  author’s  principal  work. 

In  1652  Pell  returned  to  England^  and  Jn  1654  he 
was  fent  by  the  protedlor  Cromwell  agent  to  the  yPro- 
teftant  Cantons  in  Switzerland  ; where  he  Gontrniied 
till  June  23,  1658,  whenhefet  out  for  England,  where 
he  arrived  about  the  time  of  Cromwell  s death.  Plis 
negociations  abroad  gave  afterwards  a general  iatisfac- 
tion,  as  it  appeared  he  had  done  no  fmall  fervice  to  the 
intereft  of  king  Charles  the  Second,  and  of  the  church  of 
England  ; fo  that  he  was  encouraged  to  enter  into 
holy  orders;  and  in  the  year  1661  he  was  inftituted 
to  the  redlory  of  Fobbing  in  EiTex,  given  him  by  the 
king.  In  December  that  year,  he  brought  into  the 
upper  hoiife  of  convocation  the  calendar  reformed  by 
him,  alftfted  by  Sancroft,  afterwards  archbiftiop  of 
Canterbury. — In  1673  he  was  prefented  by  Sheldoii, 
biftiopof  London,  to' the  rectory  of  Laingilon  in  Kf- 
fex  ; and,  upon  the  promotion  of  thatbifiiop  to  the  fee 
of  Canterbury  foon  after,  became  one  of  his  domeftic 
chaplains.  He  was  then  doctor  of  divinity,  and  ex- 
pedtfcd  to  be  made  a dean  ; but  bis  improvement  in  the 
philofophical  and  mathematical  fciences  was  fo  much 
the  bent  of  his  genius,  tliat  he  did  not  much  purfue 
hk  private  advantage.  Tlie  truth  is,  he  was  a helplefs 
man,  as  to  worldly  aftairs,  and  liis  tenants  and  relations 
isnpofed  upon  him,  cozened  him  of  the  profits  of  his 
parfonage,  and  kept  him  io  indigent,  that  he  wanted 
necefTaiies,  even  ink  and  paper,  to  his  dying  day.  He 
was  for  feme  time  confined  to  the  King’s-bench  prifon 
for  debt;  but,  in  March  1682,  was  invited  by  Dr. 

Whitler  to  live  in  the  college  of  phyficians.  Here  he 
continued  tili  June  following  ; when  he  was  obliged, 


100,000,  ftiewing  thole  that  are  mcompolite,  &c,  fup 
putated  by  the  fame  Thomas  Branker. 

7,  Hia  Coiitroverfy  with  Longomontanus  concern- 
ing the  Qiiadrature  of  the  Circle;  Amfterdam,  1646, 
410. 

He  likewife  wrote  a Demonftration  of  the  2d  and 
ic>th  books  of  Euclid  ; wliicb  piece  was  in  MS.  in  the 
library  of  lord  Brereton  in  Chefliive  : as  alio  Aiciii- 
medes’s  Arenarius,  and  the  greateft  part  of  Diophan- 
tus’s  6 books  of  Arithmetic  ; of  which  author  he  was 
preparing,  Aug.  i634>  a new  edition,  in  winch  he  in- 
tended to  have  corrected  the  tranllatioii,  and  made  new 
illullrations.  Ele  defigned  likewife  to  puDllfh  an  edi-* 
tion  of  Apollonius,  but  laid  it  afide,  in  May,  1645,  at^ 
the  defire  of  Golius,  who  was  engaged  in  an  edition  of 
that  author  from  an  Arabic  manufcript  given  him  tit 
Aleppo  18  years  before.  I^etters  of  Dr.  Pell  to  Sir 
Charles  Cavendifti,  in  tlie  Royal  Society. 

Some  of  bis  manuicripts  be  left  at  Brereton  in 
Chefiiire,  where  he  relided  fome  years,  being  the  feat  of 
William  lord  Brereton,  who  had  been  his  pupil  at  Bre- 
da. A great  many  others  came  into  tlie  hands  of  Dr. 
Bufiay  ; which  Air.  Hook  wasdeiired  to  uic  his  enciea- 
vour-s  to  obtain  for  the  Society.  But  tl\ey  continued 
buried  under  dull,  and  mixed  with  the  papers  and  pam- 
phlets of  Dr.  Bufby,  in  four  large  boxes,  till  1755  ; 
when  Dr.  Birch,  fecretary  to  the  Royal  Society,  pro- 
cured them  for  tlrat  body,  from  the  trullees  oi  Dr. 
BiiDy.  The  eoUedlion  contains  not  only  I’ell’s  mathe- 
matical Papers,  letters  to  him,  and  copies  of  thofe  from  ' 
him,  &c,  but  alfo  ievcral  maiiufcripts  of  Walter  War- 
ner, the  mathematician  and  philofopher,  who  lived  m 
tlie  reigns  of  Tames  the  Firft  and  Charles  the  hirft. 

Dr.^Pell  invented  the  method  of  ranging  the  feveraD 
fteps  of  an  algebraical  calculus,  in  a proper  order,  m 
fo  many  diftinci  lines,  with  the  number  affixed  to  each 
ftep,  and  a fliort  defeription  cf  the  operation  or  pro- 
cefs  in  the  line.  Fic  alfo  invented  the  charaAer  for 
divifion,  for  involution,  and  lit  for  evolution. 

PENCIL  0/  Rays,  in  Optics,  is  a double  cone,  or 

pyramid,  of  vavs,  iomed  together  at  the  bafe  ; as 
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tKe  one  cone  having  its  vertex  in  fome  point 
of  the  ebjeft  at  B,  and  the  cryilaliine  humour,  or  the 
-glafs  GL.S  for  its  bafe  ; and  the  other  having  its  bafe 
©n  the  fame  glafs,  or  cryflalline,  but  it-s  vertex  in  the 
^oint  of  convergence,  as  at  C. 


PENDniAJM,  in  Mechanics,  any  heavy  body,  fo 
fufpended  as  that  it  may  fwing  backwards  and  forwards, 
about  fome  fixed  point,  by  the  force  of  gravity. 

Thefe  alternate  afeents  and  delcents  of  the  Pendulum, 
are  called  its  Oicillations,  or  Vib»ations  ; each  com- 
plete ofcillatlon  being  the  defeent  from  the  highefl 
point  on  one  hde,  down  to  tiie  lowed  point  of  the  arch, 
and  fo  on  up  to  the  highefl  point  on  the  other  fide. 
The  point  round  which  the  Pendulum  moves^  or  vi- 
brates, is  called  its  Centre  of  Motion,  or  Point  of  Buf- 
penfion  ; and  a right  line  drawn  through  the  centre  of 
motion,  parallel  to  the  horizon,  and  perpendicular  to 
the  plane  in  which  the  Pendulum  moves,  is  called  the 
Axis  of  Ofeiilation.  There  is  aifo  a certain  point 
within  every  Pendulum,  into  which,  ii  all  the  matter 
that  compo'fes  the  Penduium  were  coiiecled,  or  con- 
denfed  as  into  a point,  the  times  in  which  the  vibrations 
would  be  performed,  would  not  be  altered  by  fuch  con- 
denfation  ; and  this  point  is  called  Centre  of  Ofcilla- 
tion.  The  length  o:  ti.e  Pendulum  is  always  eflimated 
by  the  diilanse  of  this  point  below  the  centre  of  mo- 
tion ; being  uiually  near  the  bottom  of  the  Pendulum  j 
but  in  a cylinder,  or  any  other  uniform  priim  or  rod,  it 
is  at  the  dii'tance  of  one  third  from  the  bottom,  or  iwo- 
thirds  from  and  below  the  centre  of  motion. 

The  length  of  a Pendulum,  fo  meafured  to  its  centre 
of  ofeiilation,  that  it  will  perform  eacii  vibration  in  a fe- 
cond  of  time,  thence  called  the  fecoudb  Pendulum, 
has,  in  the  latitude  of  Londen,  been  generally  taken  at 
or  39y  inches  ; but  by  feme  very  ingenious  and 
accurate  experiments,  the  late  celebrated  Mr.  Oeorge 
Graham  found  the  true  length  to  be  39  P^eVvj,  inches,  or 
39^  inches  very  nearly. 

The  length*  of  the  Pendulum  vibrating  feconcs  at 
Paris,  was  found  by  Vann,  Dts  Play.*,  iJe  Glos,  and 
Godin,  to  be  44of.  lines  ; by  Picard  440^  lines  ; and 
by  Mairan  440}^  lines. 

" Galile©  was  the  tirfl  who  made  life  of  a heavy  body 
annexed  to  a thread,  and  fufpended  by  it,  for  niea- 
furing  time,  in  his  experiments  and  obfervaxions.  But 
according  to  Sturmius,  it  was  Riccioli  \vr;o  hr  ft  cb- 
ferved  the  ifochi  onifm  of  Pendulums,  and  made  life  of 
them  in  meafuring  time.  After  him,  Tycho,  Lan- 
grene,  Wendeline,  Merfenne,  Kircher,  and  others,  ob- 
ferved  the  fame  thing  ; though,  it  is  faid,  without  any 
intimation  of  what  had  been  done  by  Riccioli.  But  it 
was  the  celebrated  Huygens  who  hrft  dernonftrated  the 
principles  and  properties  of  Pendulums,  and  probably 
the  hrft  wdio  applied  them  to  clocks.  He  demon- 


ftrated,  that  if  the  centre  of  motion  were  perfeclly 
fixed  and  immoveable,  and  ail  manner  of  fridb'on,  and 
rchilance  of  the  air,  &c,  removed,  then  a Pendulum, 
once  fet  in  motion,  would  for  ever  continue  to  vibrate 
without  any  decreafe  of  motion,  and  that  all  its  vibra- 
tions would  be  perfedly  ifochrcnal,  or  performed  in 
the  fame  time.  Hence  the  Penduium  has  univerfally 
been  coufidered  as  the  bed  chronom.eter  or  meafurer 
of  time.  And  as  all  Pendulums  of  the  fame  length 
perform  their  vibrations  in  the  fame  time,  without  re- 
gard to  their  different  weights,  it  has  been  fuggefted,  by 
means  of  them,  to  cftablifli  an  univerfal  ilaiidard  for  all 
cuimti'ies.  On  tin's  principle  Moiiton,  canon  of  Ty- 
ons,  has  a treatife,  De  Menftira  poiteris  trnnfmittenda  ; 
and  feveral  others  fiiice,  as  Wiiitehurft,  <S:c.  See  Uni- 
vcrfal  Measure. 

Pendulums  are  either  hmple  or  compound  , and  each 
of  thefe  may  be  conhdered  either  in  theoryj  or  as  ifi' 
practical  mechanics  among  artilans. 

Simple  Pendulum,  in  Theory, 
coiiGlls  of  a fingie  Nveight,  as  A, 
coufidered  as  a point,  and  an  in- 
flexible right  line  AC,  fvippoled. 
void  of  gravity  or  weight,  and  luf- 
pended  from  a fixed  point  or  cen- 
tre C,  about  wliich  it  moves. 

A Compound  Pendulum",  in- 
Theory,  is  a PciKlulum  confifting 
of  feveral.  weltrh'ts  moveable  about* 

o 

one  common  centre  of  motion,  but 
conneeled  toirether  fo  as  to  retain  the  fame  affiance 
both  from  one  another,  and  from  the  centre  about 
which  they  vibrate. 

The  Dodrine  and  Taws  e/  Pendulums. — i.  A. 
IVndulum  raifed  to  B,  through  the  arc  of  the  circle 
AB,  wiir  i'alll  and  rife  again,  tlirough  an  equal  arc,  to 
a point  equally  high,  asDg  and  thenc'e  will  fall  to  A, 
and  again  rife  to  B and  thus  continue  rifing  and  fall- 
ing  perpetually.  l"or  it  is  the  fame  thing,  wheth^er  the 
body  faiLdowu  the  infide  of  the  curve  BAl),  by  the 
force  of  gravity,  or  be  retained  in  it  by  the  a£lion  of 
the  firing  ; for  they  will  both  have  the  fame  eftedl  ; 
and  it  is  otherwile  known,  from  the  oblique  delcents  of 
bodies,  that  the  body  will  defeend  and  afcciid  along  the 
curve  in  the  manner  above  deferibed. 

Experience  alfo  confirms  this  theory,  in  any  finite 
niiTiiber  of  ofcillatioiis.  But  if  they  be  fuppofed  infi- 
nitely continued,  a difference  wall  arife.  P'or  the  re- 
fiftancc  of  the  air,  and  the  friction  and  rigidity  of  the 
ftrlng  about  the  centre  C,  will  take  off  part  of  the 
force  acquired  in  falling ; whence  it  happens-that  ft 
wi!l  not  rife  precifely  to  the  fame  point  from  whence  ft 
fell. 

Thus,  the  afeent  continually  dlminifliing  the  of- 
cillatioii,  this  wu'll  be  at  laft  flopped,  and  tlie  Pendulum 
will  hang  at  reft  in  its  natural  dire6lion,  which  is  per- 
pendicular to  the  horizon. 

Now  as  to  the  real  time  of  ofeiilation  in  a circular 
arc  BAD  : it  is  dernonftrated  by  mathematicians,  that 
if  — 3-1416,  denote  the  circumference  of  a circle 
whofe  diameter  is  i \ g z=z  feet  or  193  inches, 

the  fpace  a heavy  body  falls  in  the  firft  fecund  of 
time  ; and  r — CA  the  length  of  the  Pendulum  ; alio 
a AE  the  height  of  the  arch  of  vibration  ; then  the 

lirui 
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time  of  eacli  ofciilation  in  the  arc  BAD  will  be  equal 


to  X into  the  infinite  feries 


I + 


I ^.3  hr 


+ 


.^~a~ 


Sc 


■"c, 


2^d  ‘ ' 2h4^.6h/3 

where  d — 2r  is  the  diameter  of  the  arc  deferibed,  or 
twice  the  length  01  tfie  Pendulum. 

And  here,  when  the  arc  is  a imall  one,  as  in  the 
cafe  of  the  vibrating  Pendulum  of  a clock,  all  the 
terms  of  this  feries  after  the  3d  may  be  omitted,  on 
account  of  their  fmallnefs  ; and  then  the  time  of  a u hole 

T it 

vibration  will  be  nearly  equal  to  p J — X (i  -f  “)• 

2g  o t' 

So  that  the  times  of  vibration  of  a Pendulum  in  dif- 
ferent fmall  arcs  of  the  fame  circle,  are  as  8r  -f-  or 
8 times  the  radius,  added  to  the  verfed  fine  of  the  fe- 
Tniarc. 

And  farther,  if  D denote  the  number  of  degrees  m 
the  fcmiarc  AB,  wliofe  verfed  line  is  <3,  then  tlie  quan- 
tity iall  mentioned,  for  the  time  of  a whole  vibration, 

r 

is  changed  to — X fi  fi-  And  therefore 

° ^ 2g  ^ 52524^ 

the  times  of  vibration  in  different  fmall  arcs,  are  as 

52524  -h  1)^,  or  as  the  numiber  52524  added  to  the 

fquare  of  the  number  of  degrees  in  the  femiarc , AB. 

See  my  Conic  Sedlions  and  Scledt  Exercifes,  p.  190. 


2.  Let  CB  be  a femicycloid,  having  its  bafe  EC  par- 
allel to  the  horizon,  and  its  vertex  B downwards  ; and 
let  CD  be  the  other  half  of  the  cycloid,  in  a fimilar 
pofition  to  the  former.  Suppofe  a Pendulum  firing,  of 
the  fame  length  with  the  curve  of  each  femicycloid  BC, 
or  CD,  having  its  end  fixed  in  C,  and  the  thread  ap- 
plied all  the  way  clofe  to  the  cycloidal  curve  BC,  and 
confequently  the  body  or  Penduluin  weight  coinciding 
with  the  point  B.  If  now  the  body  be  let  go  from  B, 
it  will  defeend  by  its  own  gravity,  and  in  defeend- 
ing  it  will  unwind  the  ftring  from  off  the  arch  BC, 
as  at  the  pofition  CGH  ; and  the  ball  G Xvill  de- 
feribe  a femicycloid  Biff  A,  equal  and  fimilar  to  BGC, 
when  it  has  arrived  at  the  loweft  point  A.  ; after  which, 
it  will  continue  its  motion,  and  afeend,  by  another 
equal  and  fimilar  femicycloid  AKD,  to  the  fame  lieiglit 
D,  as  it  fell  from  at  B,  the  ftring  now  wrapping  itfdf 
upon  the  other  arch  CID.  From  D it  will  defeend 
again,  and  pafs  along  the  whole  cycloid  DAB,  to  the 
point  B ; and  thus  perform  continual  fucceffive  ofcilla- 
tions  between  B and  D,  in  the  curve  of  a cycloid  ; as 
It  before  ofcillated  iu  the  curve  of  a circle,  in  the  for- 
mer cafe* 


Tiiis  contrivance  to  make  the  Penduhrm  ofcillate  hi 
the  curve  of  a cycloid,  is  the  invention  of  the  celebrated 
Huygens,  to  make  the  Pendulum  perform  all  its  vibra- 
tions in  equal  times,  w'hether  the  arch,  or  extent  oi  the 
vibration  be  great  or  fmall  ; which  is  not  the  cafe  m 
a circle,  where  the  larger  arcs  take  a longer  time  to  nm 
through  them,  than  the  fmalier  ones  do,  as  is  well 
known  both  from  theory  and  practice. 

ffdie  chief  properties  of  the  cycloidal  Pendulum 
then,  , as  demonffrated  by  Pluygens,  are  the  following, 
iff,  ffffiat  the  time  of  an  ofciilation  in  all  arcs,  whe- 
ther larger  or  fmalier,  is  always  the  lame  quantity,  vi'/, 
whether  tlie  body  begin  to  deicend  irom  tlie  point  B, 
and  defciibe  the  femiarch  BA  ; or  that  it  begins  at  H, 
and  deferibes  the  arch  HA  ; or  that  it  fets  out  from 
any  other  point  ; as  it  will  ftill  defeend  to  the  kiweff 
point  A in  exadtly  the  fame  time.  And  it  Is  farther 
proved,  that  the  time  of  a whole  vibration  through  any 
double  arc  BAD,  or  HAK,  &c,  is  in  proportion  to 
the  time  in  which  a heavy  body  will  freely  fail,  by  the 
force  of  gravity,  through  a fpace  equal  to  4 AC,  half 
the  length  of  the  Pendulum,  as  the  circumference  of  a 
circle  is  to  its  diameter.  80  that,  if  g “ feet 

denote  the  fpace  a heavy  body  falls  in  the  firft  fecond  of 
time,  p ~ 3‘I4i6  the  circumference  of  a circle  whole 
diameter  is  i,  and  r 2=  AC  the  length  of  the  Pendu- 
-lum  ; then,  bccauCe,  by  the  nature  of  defeents  by 

gravity,  ^g  : i that  is  the  time  in 

which  a body  will  fidl  through  dr?  or  half  the  length  of 
the  Pendulum  ; therefore,  by  the  above  proportion,  as 
f"  s°  , . 

V — ' P\/ — ) vffiich  Is  the  time  of  an  entire 
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ofciilation  in  the  cycloid. 

And  this  conclufion  is  abundantly  confirmed  by  ex- 
perience. For  example,  if  we  conlider  the  time  of  a 
vibration  as  i fecond,  to  find  tlie  length  of  the  l^endu- 
liim  that  will  fo  ofcillate  in  1 fecond  ; this  will  give 

the  equation  p — i ; which  reduced,  gives 
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r — — — = — — inches  — 3Q'ii  or  agi  mdies, 

3'I4i6^ 

for  the  length  of  the  fccond’s  Pendulum  ; which  the 
beft  experiments  fhew  to  be  about  39-t  inches. 

3.  Hence  alfo,  we  have  a method  of  determining,  front 
the  experimented  length  ofa  Pend  uhim,  the  fpace  a heavy 
body  vrill  fall  perpehdicularly  tlirough  in  a given  time  : 
r 

for,  fince  — — i ? therefore,  by  reduclion,^^  ~ Ip'^r 


2 


ouqh  in  the  firft  fecond  of 

O 


is  the  fpace  a body  will  fall  thr 
time,  when  r denotes  the  leneth  of  the  fecond’s  Pen- 
duium;  and  as  coiiftant  experience  fiiews  that  this  length 
is  nearly  301  inclics,  in  the  latitude  of  London,  in  this 
cafe  g or  \p‘^r  becomes  d X 3*1416^  X 39^  = Ha'o? 
Inches  = ib-^V  ^t'et,  very  nearly,  for  the  fpace  a body 
will  fall  in  the  firft  fecond  of  time,  In  tlie  latitude  of 
I^ondon  : a fadl  which  has  been  abiindantl}'  confirmed 
by  experiments  made  there.  And  in  the  fame  manner, 
Mr.  Huygens  found  the  fame  fpace  fallen  through  at 
Paris,  to  be  15  French  feet. 

The  whole  dodlrine  of  Pendulums,  ofcillating  be- 
tween two  femicycloids,  both  in  theory  and  pradjee, 

was 


il 

li 
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was  delivered  by  that  author,  in  his  Horologium  Ofcilla-r 
torium,  five  Demonftrationes  de  Motu  Pendulorum. 

, And  every  thing  that  regards  the  motion  of  Pendulums 
has  fmee  been  demonftrated  in  different  ways,  and  par- 
ticularly by  Newton,  who  has  given  an  admirable  theo- 
17  on  the  fubjecd,  in  his  Principia,  W'here  he  has  ex- 
tended to  epicycloids  the  properties  demonff rated  by 
Huygens  of  the  cycloids. 

4.  As  the  cycloid  may  be  confidered  as  coinciding, 
in  A,  with  any  fmall  arc  of  a circle  deferibed  from  the 
centre  C,  paffing  through  A,  where  it  is  known  the 
two  curves  have  the  fame  radius  and  curvature  ; theic- 
fore 'the  time  in  the  fmall  arc  of  fiich  a circle, 'will  be 
nearly  equal  to  the  time  in  the  cycloid  ; fo  that  the  times 
in  very  fmall  circular  arcs  are  equal,  becaufe  thefe  fmall 
ar\_s  may  be  conlidered  as  portions  of  the  cycloid,  as 
tvell  as  of  the  circle.  And  this  is  one  great  reafon 
why  the  Pendulums  of  clocks  are  made  to  ofcillate  in 
as  fmad  aics  as  pofliblc,  viz,  that  their  ofcillations  may 
be  the  nearer  to  aconffant  equality. 

^ This  may  alfo  be  deduced  from  a companTon  of  the 
times  of  vibration  in  the  circle,  and  in  the  cycloid,  as 
laid  down  in  the  foregoing  articles.  It  has  there 
been  Ihewn,  that  the  times  of  vibration  in  the  circle 
and  cycloid  are  thus,  viz, 

time  in  the  circle  nearly  X (l  + 

time  in  the  cycloidal  arc  ; 

where  ilIs  evident,  that  the  former  always  exceeds  the 
latter  in  the  ratm  of  I + — to  i ; but  this  ratio  al- 


T E N 

gra\ityis  lefs  there  ; and  confequently  the  parts  about 
the  equator  are  higher  or  farther  from  the  centre,  than 
the  other  parts  ; and  the  fliape  of  the  earth  is  not  at 
true  fphere,  but  fomewhat  _ like  an  oblate  fpheroid, 
natted  at  the  poles,  and  raifed  gradually  towards  the 
equator.  And  hence  alfo  the  times  of  the  vibration  of 
the  fame  Pendulum,  in  different  latitudes,  afford  a 
method  of  determining  the  true  figure  of  the  earth, 

and  the  proportion  bet  ween  its  axis  and  the  equatorial 
diameter. 

Thus,  M.  Richer  found  by  an  experiment  made  in 
the  ilJano  Cayemia,  about  4 degrees  from  the  equator, 
vvherea  Pendulum  3 feet  8^  lines  long,  wdiich  at  Pari» 
\ibiatea  icconds,  lequired  to  be  diortened  a line  anda 
quarter  to  make  it  vibrate  feconds.  And  many  other 
cbiervations  have  confirmed  the  fame  principle.  See 
Newton’s  Principia,  lib.  3,  prop.  20.  By  compaiW 
t 1C  aiffcreiit  of  tlie  rreneb  aftronomers, 

Newton  apprebends  that  2 lines  may  be  confidered  as 

the  length  a fecond.s  Pendulum  ought  to  be  decreafed 
at  the  equator. 

P'rom  fome  obfien-ations  made  by  Mr.  Campbell,  in 
1731,  in  lilacynver,  m Jamaica,  18°  north  latitude,  it 
is  collecled,  that  if  the  length  of  a finiple  Pendulum 
that  fwings  fcconds  m London,  be  39-126  Enriifii 
inches,  the  length  of  one  at  tlie  equator  would  be 
39-00,  and  at  the  poles  39-206.  Philof.  Tranf.  numb. 
432  ; or  Abr.  vol.  8,  part  i,  pa.  238. 

. hence  Mr.  Lmcrfoii  has  computed  the  follow, 

mg  Table,  fiiewmg  the  Icngtli  of  a Pendulum  that 
Iwings  feconds  at  every  5 th  degree  of  latitude,  as  alfo  the 
length  of  the  degree  of  latitude  there,  in  Engiifii  mijes. 


ways  approaclics  nearer  to  an  equality,  as  the  arc,  c 
■as  Its  veiffed  fine  isfmaller;  till  at  length,  when  : 

4s  veiy.  fmall,  the  term  ~ may  be  omitted,  and  tli* 

the  times  of  vibration  become  both  the  fame  quantity 

Faitlier,  by  the  fame  companTon,  it  appears,  that 
^ the  time  loft  in  each  fecond,  or  in  each  vibration  of  tin 
lecond’s  Pendulum,  by  vibrating  in  a circle,  infiead  o 

1 'j  • ^ 

a cycloid,  is  or  ; and  confequently  the  time 


8; 


52524 


loff  in  a whole  day  of  24  hours,  is  f nearly.  In  lik 
manner,  tne  feconds  loff  per  day  by  vibrating  in  th 
arc  of  degrees,  is  ^ A^.  Therefore  if  the  Pendu 
ium  keep  true  time  in  one  of  thef'e  arcs,  tlie  fcconds  lol 
«r  gamed  per  day,  by  vibrating  in  the  other,  will  b( 
’ A^)*  Sd;  for  example,  if  a Pendulum  mea- 

iure  true  time  in  an  arc  of  3 degrees,  on  each  fide  ol 
t e loweff  point,  it  will  lofe  ii|  fecorKls  a day  by  vi- 
brating 4 degrees  ; and  26|  feconds  a day  by  vibrating 
■5  degrees  ; and  fo  on. 

5*  The  aefion  of  gravity  is  lefs  in  tliofc  parts  of  tlic 
tail  wheie  the  ofcillations  of  the  fame  Pendulum  are 
dower,  and  greater  wFere  thefe  are  iwifter  ; for  the 
of  ofcillation  is  reciprocally  proportional  to 
^nd  It  being  found  by  experiment,  that  the  ofcillations 
'P  t e lame  Pendulum  are  flower  near  the  equator,  tlian 

in  paces  farther  from  it  j it  follow*  that  the  force  of 
- Vol.  II, 


1 Degrees  ol 

1 Lat. 

Length  ot  Leu- 

duluRi. 

1 Length  of  the 

Degree. 

inches. 

miles. 

0 

39-027 

68-723 

5 

39-029 

68-730 

10 

39-032 

68-750 

15 

39-036 

68-783 

20 

39*0-44 

68-830 

25 

39-057 

68-882 

39*070 

68-950 

35 

39''^?+ 

69-020 

40 

39-097 

69-C97 

45 

39-111 

69-176 

50 

39-126 

69-256 

55  • 

39‘M2 

69-330 

60 

39-158 

69-401 

65 

39*  i68 

C9-467 

70 

39*H7 

69-522 

' 75 

39-1 85 

69-568 

80 

39-191 

69-601 

85 

39*>95 

69*620 

90 

39-197 

69-628 

f 

^ 6.  If  two  Pendulums  vibrate  in  fimilar  arcs,  thn 
times  of  vibration  are  in  the  fub-diiplicate  ratio  of 
their  lengths.  And  the  lengths  of  Pendulums  vibratiW 
m fimilar  arcs,  are  in  the  duplicate  ratio  of  the  times 
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of  a vibration  dircaiy  ; or  m the  reciprocal 

ratio  of  the  number  of  ofciUations  made  in  any  one  ana 

^he  fame  time.  For,  the  time  of  vibration 7 being  as 

— , where  p and  g are  conftant  or  given,  therefore 
tklf  ^r,  and r as  l\  Hence  therefore  the  length  of 
a half-fecond  Pendulum  will  be  Ir  or — 9*7^1 
inclies  ; and  the  length^of  the  qiiarter-fecond  Pendu- 

— _3?_L  — 'jvd  dc  inches  ; ?md  fo  of 


lum  will  be 


10 


= 2*445  ii 


others.  ^ , • r -n 

7.  XKe  foregoing  laws,  &c,  of  the  motion  01 

dulums,  cannot  ilricfly  hold  good,  unleis  the  thread 
that  fuilains  the  ball  be  void  of  weight,  _ and  the  grawity 
of  the  whole  ball  be  colledled  into  a point.  In  piaciice 
therefore,  a very  hne  thread,  and  a fmall  ball, ^ but  of  a 
very  heavy  matter,  are  to  be  ufed.  But  a thicic  tnread, 
anci  a bulky  ball,  diilurb  the  motion  very  much  ; for 
in  that  cafe,  the  fimple  Pendulum  becomes  a comipound 
one  ; it  being  much  the  fame  thing,  as  if  feveral  weights 
were  applied  to  the  fame  inflexible  rod  in  feveral 

places.  , TV  IT  • 1 

8.  M.  Kralft  in  the  new  Peterfbiirgh  Memoirs,  vois 

6 and  7,  has  given  the  refult  of  many  experiments  upon 
Pendulums,  made  in  different  parts  01  Rniiia,  with  ae- 
du6fions  from  them,  from  whence  he  derives  this  theo- 
rem : If  be  the  length  of  a Pendulum  that  fwings  ie- 
conds  in  any  given  latitude  /,  and  in  a temperature  of  10 
degrees  of  Pveaiimur’s  thermometer,  then  will  the  length 
of  that  Pendulum,  for  that  latitude,  be  thus  exprefled, 


VIZ, 


(439’17B  + 2*321  X fln.V)  lines  of  a French  foot. 

And  this  exprefiion  agrees  very  nearly,  not  only  with 
all  the  experiments  made  on  the  Pendulum  in  Riiffia, 
but  alfo,  with  thofe  of  Mr.  Graham,  and  tliofeofMr. 
Lyons  in  79°  50"  north  latitude,  where  he  found  its 
length  to  be  441*38  lines.  See  Oblateness. 

Simple  Pendulum,  in  Mechanics,  an  expreflion 
commonly  ufed  among  artifts,  to  diitiuguifli  fuch  Pen- 
dulums as  have  no  provifion  for  corredfing  the  effedts  of 
heat  and  cold,  from  thofe  that  have  fuch  provifion. 
Alfo  Simple  Pendulum,  and  Detached  Pendulum,  are 
terms  fometimes  ufed  to  denote  fuch  Pendulums  as  are 
not  conneefed  with  any  clock,  or  clock-work. 

CotiTpowid  Pendulum,  in  hleciianics,  is  a I cndi*luni 
wliofe  rod  is  compofed  of  two  or  more  wires  or  bars  of 
metal.  Thefe,  by  undergoing  diflerent  degrees  of  ex- 
panfion  and  contraffion,  when  expofed  to  the  fame  heat 
or  cold,  have  the  difference  of  expanfion  or  contraGion 
made  to  act  in  fuch  manner  as  to  preierve  conilantly  the 
.fame  ddlance  between  the  point  of  fufpenfion,  and 
centre  of  ofcillation,  although  expofed  to  very  different 
and  various  degrees  of  heat  or  cold.  There  are  a great 
variety  of  conflru6tions  for  this  purpofe  ; but  they  may 
be  all  reduced  to  the  Gridiron,  the  Mercmial,  and  the 
JvCver  Pendulum. 

It  may  bcjuil  obferved  by  the  way, that  the  vulgar  me- 
thod of  remedying  the  inconvenience  anflng  from  the  ex- 
tenflon  andcontra6f  ion  of  the  rods  of  common  P endulums, 
is  by  applying  the  bob,  or  fmall  ball,  with  a ferew,  at 
the  lower  end  j by  which  means  the  Pendulum  if  at  any 


time  made  longer  or  fliorter,  as  the  ball  is  ferewed 
downwards  or  upwards,  and  thus  the  time  of  its  vibra- 
tion is  kept  continually  the  fame. 

The  Gridiron  Pendulum  was  the  invention  of  Mr. 
John  Flarrifon,  a very  ingenious  artift,  and  celebrated 
for  his  invention  of  the  watch  for  finding  the  difference 
of  longitude  at  fca,  about  the  year  1725  ; andof  feve- 
ral other  time- keepers  and  watches  flnee  that  time  ; for 
all  which  he  received  the  parliamentary  reward  of  be- 
tween 20  and  30  thouiand  pounds.  It  conflfls  of  5 
rods  of  fteel,  and  4 of  brafs,  placed  in  an  alternate  order, 
the  middle  rod  being  of  fteel,  by  which  the  Pendulum 
ball  is  Tufpended  ; thefe  rods  of  brafs  and  fteel,  thus 
placed  in  an  alternate  order,  and  fo  connefted  with  each 
other  at  their  ends,  that  while  the  expanfion  of  the  ftee! 
rods  has  a tendency  to  lengthen  the  Pendulum,  the  ex- 
panfion of  the  brafs  rods,  aeffmg  iipw’ards,  tends  to 
fliorten  it.  And  thus,  when  the  lengths  of  the  brafs 
and  fteel  rods  are  duly  proportioned,  their  expanflons 
and  contradlions  wdll  exactly  balance  and  correct  each 
other,  and  fo  prefer ve  the  Pendulum  invariably  of  tlie 
fame  length.  The  fimpllcity  of  this  ingenious  contri-  •* 
vance  is  much  in  its  favour  ; and  the  difliciiky  of  ad- 
juftment  feeins  the  only  objection  to  it. 

Mr.  Flarrifon  in  his  ftrfl:  machine  /or  meafuring 
time  at  lea,  applied  this  combination  of  wires  of  brafs 
and  fteel,  to  prevent  any  alterations  by  heat  or  cold  ,* 
and  in  the  machines  or  clocks  he  has  made  for  this 
purpofe,  a like  method  of  guarding  againft  the  irre- 
gularities ariflng  from  this  caiife  is  ufed. 

The  Mercurial  Pendulum  was  the  invention  of  the 
ingenious  Mr.  Graham,  in  confequence  of  feveral  ex- 
peiiments  relating  to  the  materials  of  wdiich  Pendulums 
might  be  formed,  in  1715.  Its  rod  is  made  of  brafs, 
and  branched  towards  its  lower  end,  fo  as  as  to  em- 
brace a cylindric  glafs  veffel  13  or  14  inches  long,  and 
about  2 inches  diameter  ; wdiicli  being  filled  about  12^ 
inches  deep  with  mercury,  forms  the  weight  or  ball  of 
the  Pendulum.  If  upon  trial  the  expanfion  of  the  rod 
be  found  too  great  for  that  of  the  mercury,  more  mer- 
cury muft  be  poured  into  the  veffel  : if  the  expanfion  of 
the  mercury  exceeds  that  of  the  rod,  fo  as  to  occafion 
the  clock  to  go  fail  with  heat,  fome  mercury  mufi:  be 
taken  out  of  the  veffel,  fo  as  to  fhorten  the  column. 
And  thus  may  the  expanfion  and  coiitraiffion  of  the 
quickfilver  in  the  glafs  be  made  exadfly  to  balance  the 
expanfion  and  contraction  of  the  Pendulum  rod,  fo  as 
to  preferve  the  diftance  of  the  centre  of  ofcillation  from 
the  point  of  fufpenfion  invariably  the  fame. 

Mr.  Graham  made  a clock  of  this  fort,  and  compared 
it  w'ith  one  of  the  heft  of  the  common  fort,  for  3 years 
together  ; when  he  found  the  errors  of  his  but  about 
one-eighth  part  of  thofe  of  the  latter.  Philof.  Tranf. 
numb.  392. 

The  Lever  Pendulum.  From  all  that  appears  con- 
cerning this  conftrnCtion  of  a Pendulum,  w'e  are  in- 
clined to  believe  that  the  idea  of  making  the  difference 
of  the  expanfion  of  different  metals  operate  by  means 
of  a lever,  originated  wdth  Mr.  Graham,  who  in  the 
year  1737  conftruCted  a Pendulum,  having  its  rod  com- 
pofed of  one  bar  of  fteel  betw^een  twm  of  brafs,  which 
aCted  upon  the  firort  end  of  a lever,  to  the  other  end  of 
which,  the  ball  or  weight  of  the  Pendulum  was  fuf- 
pended. 
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. This  Peiululam  however  was,  upon  tiia],  found  to 
move  by  jerks  ; and  therefore  laid  afide  by  the  inventor, 
to  make  way  for  the  mercurial  Pendulum,  jull  men- 
tioned. 

Mr.  Short  informs  us  in  the  Philo f.  Tranf.  voL  47, 
art.  88,  that  a Mr.  Frotheringham , a quakcr  in  Lin- 
colnlhire,  caufed  a Pendulum  of  this  kind  to  be  made  ; 
it  confided  of  two  bars,  one  of  brafs,  and  the  other  of 
fteel,  faftened  together  by  fcrews,  with  levers  to  raife 
or  let  down  the  bulb  ; above  which  thefe  levers  were 
placed.  M.  Caffiiii  too,  in  the  Flillory  of  the  Royal 
Academy  of  Sciences  at  Paris,  for  1741,  defcribes  two 
forts  of  Pendulums  for  clocks,  compounded  of  bars  ot 
brafs  and  Heel,  and  in  which  he  applies  a lever  to  raiie 
or  let  down  the  bulb  of  the  Pendulum,  by  the  expan- 
fion  or  contraction  or  the  bar  of  brafs. 

Mr.  John  Ellicott  alfo,  in  the  year  i 738,  conRrusted 
§1  Pendulum  on  the  fame  principle,  but  differing  from 
Mr.  Graham’s  in  many  particulars.  The*  rod  of  Mr. 
Ellicott’s  Pendulum  was  compcfed  of  two  bars  only  j 
the  one  of  brals,  and  the  other  ot  ffeel.  It  had  two 
levers,  each  fuilaining  its  half  of  the  ball  or  weight  ; 
with  a fpring  under  the  lov/er  part  of  the  ball  to  re- 
lieve the  levers  from  a confiderable  part  ot  its  weight, 
'and  fo  to  render  tlieir  motion  more  fmootli  and  ealV. 
The  one  lever  in  Mr.  Graham’s  conftrudlion  was  above 
the  ball : whereas  both  the  levers  in  Mr.  Ellicott’s  were 
within  the  ball  -;  and  each  lever  had  an  adjutling  ferew, 
to  lengthen  or  fiiortcn  the  lever,  fo  as  to  render  the  ad- 
juffment  the  more  perfeeff.  See  the  Philof.  Tranf.  vol. 
47,  p.  479  ; where  Mr.  Ellicott’s  methods  of  conftruc- 
tion  are  deferibed,  and  illuffrated  bv  hcrures, 

Motwithftanding  the  great  ingenuity  difplayed  by 
thefe  very  eminent  artiils  on  tin’s  conftriicftion,  it  muff 
farther  be  obferved,  in  the  hiftory  of  improvements  of 
this  nature,  that  Mr.  Gumming,  another  eminent  artiff, 
has  given,  in  his  Effays  on  the  Principles  of  Clock 
and  Watch-work,  Eond.  1766,  an  ample  defeription, 
with  plates,  of  a conftruftion  of  a Pendulum  with  le- 
vers, in  which  it  feems  be  has  united  the  properties  of 
Mr.  Grahnn'i’s  and  Mr.  Ellicott’s,  without  being  liable 
to  any  of  the  defedfs  of  either.  The  rod  of  this  Pen- 
diilnm  is  compofed  of  one  fiat  bar  of  brafs,  and  two 
of  ffeel  ; he  ufes  three  levers  within  the  ball  of  the 
Pendulum  ; and,  among  many  other  Ingenious  contri- 
vances, for  the  more  accurate  adjuffing  of  this  Pendu- 
lum to  mean  time,  it  is  provided  with  a fmall  ball  and 
Icrew  below  the  principal  ball  or  weight,  one  entire 
revolution  of  which  on  its  ferew  wall  only  alter  the 
rate  of  the  clock’s  going  one  fecond  per  dav  ; and  its 
circumference  is  divided  into  3c,  one  of  which  divifions 
will  therefore  alter  its  rate  of  ^oin®*  one  fecond  in  a 
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month. 

Pend-ulum  Clod,  is  a clock  having  its  motion  regu- 
lated by  the  vibration  of  a Pendulum. 

It  is  controverted  between  Galileo  and  Huygens, 
which  of  the  two  firft  applied  the  Pendulum  to  a clock. 
For  the  pretenffons  of  each,  fee  Clock. 

After  Huygens  had  difeovered,  that  the  vibration 
made  in  arcs  of  a cycloid,  however  unequal  they  might 
be  in  extent,  were  all  equal  in  time  ; be  foon' perceived, 
that  a Pendulum  applied  to  a clock,  fo  as  to  make  it 
deferibe  arcs  of  a cycloid,  would  reftify  the  otherwife 
tmaroidable  irregularities  of  tire  motion  of  the  clock  ; 


ffnee,  thougli  the  feveral  caufes  of  thofe  irregularities 
fhoiild  occaiioii  the  Pendulum  to  make  greater  or  fmal- 
ler  vibrations,  yet,  by  virtue  of  the  cycloid,  it  would 
Hill  make  them  perfedlly  equal  in  point  of  time  ; and 
the  motion  of  the  clock  governed  by  it,  would  therefore 
be  preierved  perfectly  equable.  But  the  difficulty  was, 
how  to  make  the  Pendulum  deferibe  arcs  of  a cycloid  ; 
for  naturally  the  Pendulum,  being  tied  to  a fixed  point, 
can  only  deferibe  circular  arcs  about  it. 

Plere  M.  Huygens  contrived  to  fix  the  iron  rod  or 
wire,  which  bears  the  ball  or  weight,  at  the  top  to  a 
fdken  thread,  placed  between  tw'o  cycloidal  cheeks,  or 
two  little  arcs  of  a cycloid,  m.ade  of  metal.  Hence  the 
motion  of  vibration,  applying  fucceffively  from  one  of 
thofe  arcs  to  the  other,  the  thread,  which  is  extremely 
flexible,  eaffly  affumes  the  figure  of  them,  and  by  that 
means  caufes  the  bail  or  weiMit  at  the  bottom  to  de- 
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feribe  a jull  cycloidal  arc. 

This  is  doubtlefs  one  of  the  moft  ingenious  and  ufe- 
ful  inventions  many  ages  have  produced : by  means  of 
which  it  has  been  aff'erted  there  liave  been  clocks  that 
w'ould  not  vary  a finHe  fecond  in  feveral  days  : and  the 
fame  invention  alfo  gave  rife  to  the  whole  doftrine  of  in- 
volute and  evolute  curves,  vrith  the  radius  and  degree  of 
curvature,  &:c. 

It  is  true,  the  Pendulum  is  dill  liable  to  its  iiTegnla- 
rities,  liow  minute  locver  they  n.ay  be.  The  filkeri 
thread  by  wdiich  it  was  fufpended,  fhortens  in  moiff 
weather,  and  lengthens  in  dry  ; by  wdiich  means  the 
length  of  the  whole  Pendulum,  and  confeqiiently  the 
times  of  the  vibrations,  are  fornewhat  varied. 

To  obviate  this  inconvenience,  M.  De  la  Flire,  iiG 
dead  of  jr  filken  thread,  ufed  a little  fine  fpring  ; which 
was  not  indeed  fubject  to  flnorten  and  lengthen,  from 
thofe  caufes  ; yet  he  found  it  grew  differ  in  cold  wea- 
ther, and  then  made  its  vibrations  fader  than  in  warm 
to  \vdiicb  alfo  wc  may  add  its  cxpanfion  and  contraClion 
by  heat  and  cold.  Pie  therefore  had  recourfe  to  a diff 
vvire  or  rod,  firm  from  one  end  to  the  other.  Indeed 
by  this  means  he  renounced  the  advantages  of  the  cy- 
cloid ; but  he  found,  as  he  fays,  by  experience,  that 
the  vibrations  in  circular  arcs  are  performed  in  times  as 
equal,  provided  they  be  not  of  too  great  extent,  as 
thofe  in  cycloids.  But  the  experiments  of  Sir  Jonas 
Moore,  and  others,  have  demondrated  the  contrary. 

d'he  ordinary  caufes  oi  the  irregularities  of  Pendulums 
Dr.  Derham  aferibes  to  the  alterations  in  the  gravity 
and  temperature  of  the  air,  which  increafe  and  diminidi 
the  weight  of  the  ball,  and  by  that  means  make  the 
vibrations  greater  and  lefs  ; an  acceffion  of  weight  in 
the  ball  being  found  by  experiment  to  accelerate  the 
motion  of  the  Pendulum  ; for  a weight  of  6 pounds 
added  to  the  ball,  Dr.  Derham  found  made  his  clock 
gain  I 3 feconds  every  day. 

A general  remedy  againff  the  inconveniences  of  Pen- 
dulums, is  to  make  them  long,  the  ball  heavy,  and  to 
vibrate  but  in  fmall  arcs.  Thefe  are  the  ufual  means 
employed  in  England  ; the  cycloidal  cheeks  being  ge- 
nerally neglcfted.  See  the  foregoing  article. 

Pendulum  clocks  reding  againff  the  fame  rail  have 
been  found  to  influence  each  other’s  motion.  See  the 
Pliilol.  Tranf.  numb.  453,  fc6t.  5 and  6,  where  Mr. 
Fdlicott  has  given  a curious  and  exaH  account  of  this 
phenomenon. 
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Pendi^lum  Roya!)  a name  ufed  among  us  for  a 
clock,  whofe  Pendulum  fwings  feconds,  and  goes  8 
days  without  winding  up  ; fhewing  the  hour,  minute, 
and  i^econd.  The  numbers  in  fuch  a piece  are  thus 
calculated.  Firfl;  call  up  the  feconds  in  I2  hours, 
which  are  the  beats  in  one  turn  of  the  great  wheel ; and 
they  will  be  found  to  be  43200  — I2  X 60  X 60.  The 
fwing  v;hecl  mud  be  ^o,  to  fwing  60  feconds  in  one  of 
its  revolutions  ; now  let  the  half  of  43200,  viz  21600, 
be  divided  by  30,  and  the  quotient  will  be  720,  which 
mull  be  feparated  into  quotients.  The  lirll  of  thefe 
mull  be  12,  for  the  great  wheel,  wTich  moves  round 
once  in  12  hours.  Now  720  divided  by  12,  gives  60, 
which  may  alfo  be  conveniently  broken  into  two  quo- 
tients, as  10  and  6,  or  12  and  5,  or  8 and74  ; wdiich 
lad  is  mod  convenient  : and  if  the  pinions  be  all  taken. 

8,  the^work  will  Hand  thus  : 

/ 

8 ) 96  ( 12 

8 ) 64  ( 8 

8 ) 60  ( 7l 


30 

According  to  this  computation,  the  great  wheel  v/ill  ^ 
go  round  once  in  I2  hours,  to  diew  the  hour;  the 
next  wheel  once  in  an  hour,  to  diew  the  minutes.;  and 
the  fwing- wheel  once  in  a minute,  to  fliew  the  feconds. 
See  Clock-work. 

Balliftic  Pendulum.  See  Ballistic  Pendulum* 

AfW Pendulum.  See  Level. 

Pendulum  Watch.  See  Watch. 

PENETRABILITY,  capability  of  being  pene- 
trated. See  Impenetrability. 

PENETRxYTION,  the  aft  by  which  one  thing  en- 
ters another,  or  takes  up  the  place  already  pofleffed  by 
another. 

The  fchoolmen  define  Penetration  the  co-exidence  of 
two  or  more  bodies,  fo  that  one  is  prefent,  or  has  its 
cxtenfi*on  in  the  fame  place  as  the  other. 

Mod  philofophers  hold  the  penetration  of  bodies  ab- 
fiird,  i.  e.  that  two  bodies  flioiild  be  at  the  fame  time 
in  the  fame  place  ; and  accordingly  impenetrability 
is  laid  dowm  as  one  of  the  ellential  properties  of  mat- 
ter. 

What  is  popularly  called  Penetration,  only  amounts 
to  the  matter  of  one  body’s  being  admitted  into  the 
vacuity  of  another.  Such  is  the  Penetration  of  w^atcr 
through  the  fubdance  of  gold. 

PENINSULA,  is  a portion  or  extent  of  land  which 
is  almod  furrounded  wnth  water,  being  joined  to  the 
continent  only  by  an  idhmiis,  01'  narrow  neck.  Such  is 
Africa,  the  greated  Peninfula  in  the  world,  which  is 
joined  to  Afia,  by  the  neck  at  the  end  of  the  Red  Sea; 
Inch  alfo  is  Peloponnefus,  or  the  Morea,  joined  to 
Greece  : and  Jutland,  &c.  Peninfula  is  the  fame  wnth 
wTat  is  otherwife  called  Cherfonefus. 

PENNY,  formerly  a piece  of  filver  coin,  but  now 
an  imaginary  fum,  equal  to  two  copper  coins  called  a 
halfpenny. 

The  Penny  was  the  fird  filver  coin  druck  in  England 

by  our  Saxon  anccdors,  being  the  240th  part  gf  their 


pound,  and  its  true  weight  was  about  22 1 
Troy.  . • 

In  Etheldred’s  time,  the  Penny  was  the  20th  part 
of  the  Troy  ounce,  and  equal  in  weight  to  our  three 
pence  ; which  value  it  retained  till  the  time  of  Edw^ard 
the  Third. 

Till  the  time  of  King  Edward  the  Fird,  the  Fenny 
was  druck  with  a crois  fo  deeply  funk  in  it,  that  it 
might,  on  occafion,  be  eafily  broken,  and  parted  into 
two  halves,  thence  called  Elalfpennies or  into  four, 
thence  called  Fourthin2:s,  or  Farthimg-s.  But  that 
Prince  coined  it  without  the  crols  ; indead  of  which  he 
druck  round  Plalfpencc  and  Farthings.  Though  there 
are  faid  to  be  indances  of  inch  round  Halfpence  having 
been  made  in  the  reign  of  Plenry  the  Fird,  if  not  alio 
in  that  of  the  two  Williams. 

Edward  the  Fird  alio  reduced  the  weight  of  the 
Penny  to  a dandard  ; ordering  that  it  Ihould  weigh 
32  grains  of  wdieat,  taken  out  of  the  middle  of  the 
ear.  This  Penny  was  called  the  Penny  Sterling;  and 
20  of  them  were  to  w^eigh  an  ounce  ; whence  the  Pen- 
ny became  a weight  as  well  as  a coin. 

By  the  9th  of  Edward  the  Third,  it  was  diminillied 
to  the  26th  part  of  the  Troy  ounce;  by  the  2d  of 
Henry  the  Sixth  it  w^as  the  3 2d  part ; by  the  5th  of 
Edward  the  Fourth,  it  became  the  40th,  and  alfo  by 
'the  36tk  of  Henry  the  Eighth,  and  afterwards,  the 
45th  ; but  by  the  2d  of  Elizabeth,  60  Pence  v^cre 
coined  out  of  the  ounce,  and  during  her  reign  62, 
which  lad  proportion  is  dill  obferved  in  our  times. 

The  Penny  Sterling  is  now  diiufed  as  a coin  ; and 
fcarce  fubfids,  but  as  a money  of  account,  containing 
two  copper  Halfpence,  or  the  I2th  part  of  a fhilling,  or 
the  240th  part  of  a pound. 

The  French  Penny,  or  Denier,  is  of  two  kinds  ; the 
Paris  Penny,  called  Denier  Parifis ; and  the  Penny  of 
Tours,  called  Denier  Tournois, 

The  Dutch  Penny,  called  Pennink,  or  Pening,  is  a 
jreai  money,  worth  about  one-fifth  more  than  the  Fi'ench 
Penny  Tourn®is.  The  Pennink  is  alfo  iifed  as  a mo- 
ney of  account,  in  keeping  books  by  pounds,  florins, 
andpatards  ; 12  Penninks  make  the  patard,  and  20 
patards  the  florin. 

At  Hamburg,  Nuremberg,  the  Penny  or 

Pfennig  of  account  is  equal  to  the  French  Penny 
Tournois.  Of  thefe,  8 make  the  krieiik  ; and  60  the 
florin  of  tliofe  cities  ; alfo  90  the  French  crown,  or 
4s  6d  derling. 

Penn  a Troy  weight,  being  the  20th  part 

of  an  ounce,  containing  24  grains  ; each  grain  weigh- 
ing  a grain  of  wheat  gathered  out  of  the  middle  of  the 
ear,  well  dried.  The  name  took  its  rife  from  its  being 
adliially  the  weight  of  one  of  our- ancient  filver  Pen- 
nies. See  the  foregoing  article. 

PENTAGON,  in  Geometry,  a plane  figure  confid- 
ing of  five  angles,  and  confequently  five  fidcs  alfo». 
If  the  angles  be  all  equal,  it  is  a regular  Pentagon. 

It  is  a remarkable  property  of  the  Pentagon,  that  its 
fide  is  equal  in  power  to  the  Aides  of  a hexagon  and  a 
decagon  inferibed  in  the  fame  circle  ; that  is,  the  fquare 
of  the  fide  of  the  Pentagon,  is  equal  to  both  the  fquares 
taken  together  of  the  fides  of  the  other  two  fi- 
gures j and  confequently  thofe  three  fides  wiU  condi- 
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tutc  a right-angled  triangle,  Euclid,  book  13, 
prop.  10. 

Pappus  has  alfo  demonfcratcd,  that  12  regular  Pen- 
tagons contain  more  than  20  triangleg  infcribed  in  the 
fame  circle  ; lib,  5,  prop.  45. 

The  dociecahedron,  which  is  the  fourth  regular  bo- 
dy or  folid,  is  contained  under  12  equal  and  regular 
Pentagons. 

To  find  the  Area  of  a Regular  Pentagon.  Multi- 
ply the  fquare  of  its  fide  by  17204774,  or  by  | of  the 

tangent  of  54°,  orby  |\/i  -f  S'  Hence  if  r de* 
note  the  fide  of  the  Pentagon,  its  area  will  be 

I72O4774P  = I -h  | y''5  — ^ 

PENTAGRAPH,  otherwife  called  a Parallelo- 
gram, a mathematied  inllrument  for  copying  defigns, 
prints,  plans,  &c,  in  any  proportion. 

The  common  Pentagraph  (Plate  xix,  fig.  2)  confifis 
of  four  rulers  or  bars,  of  metal  or  wood,  two  of  them 
from  15  to  18  inches  long,  the  other  two  half  that 
0 length.  At  the  ends,  and  in  the  middle,  of  the  long 
rulers,  as  alio  at  the  ends  of  the  fiiorter  ones,  are  holes 
upon  the  exadl  fixing  of  which  the  perfection  of  the 
inllrument  chiefly  depends.  Thole  in  the  middle  of 
the  long  rulers  are  to  be  at  the  fame  dillancc  from  thofe 
at  the  end  of  the  long  ones,  and  tliofe  of  the  lliort  ones ; 
fo  that,  when  put  together,  they  may  always  make  a 
parallelogram. 

The  inllrument  is  fitted  together  for  ufe,  by  feveral 
little  pieces,  particularly  a little  pillar,  number  i,  having 
at  one  end  a nut  and  fciew,  joining  the  tw'o  long  rulers 
together  ; and  at  the  other  end  a fmall  knot  for  the  in- 
llrument to  Aide  on.  The  piece  numb.  2 is  a rivet  with 
a ferew  and  nut  by  which  each  Ihoit  ruler  is  fallened  to 
the  middle  of  eacli  long  one.  The  piece  numb.  3 is  a 
pillar,  one  end  of  which,  being  hollowed  into  a ferew, 
has  a nut  fitted  to  it  ; and  at  the  other  end  is  a w'orm 
to  ferew  into  the  table  ; when  the  inllrument  is  to  be 
ufed,  it  joins  the  ends  of  the  tw'o  Ihort  rulers.  The 
piece  numb.  4 is  a pen,  or  pencil,  or  portcrayon,  ferew- 
ed  into  a little  pillar.  Eallly,  the  piece  numb.  5 is  a 
brafs  point,  moderately  blunt,  fcrew'ed  likewife  into  a 
little  pillar. 

Ufe  of  Pentagraph. — t.  To  copy  a defign  in 
the  fame  fize  or  fcale  as  the  original.  Screw  the 
worm  numb.  3 into  the  table  ; lay  a paper  under  the 
pencil  numb.  4,  and  the  defign  under  the  point  numb. 

5.  This  done,  conduCling  the  point  over  the  feveral 
lines  and  parts  of  the  defign,  the  pencil  wall  draw  or  re- 
peat the  fame  on  the  paper. 

2.  When  the  defign  is  to  be  reduced  — cx.  gr.  to 
half  the  fcale  ; the  worm  mull  be  placed  at  the  end  of 
the  long  ruler  numb.  4,  and  the  paper  and  pencil  in  the 
middle.  In  this  fituation  conduct  the  brafs  point  over 
the  feveral  lines  of  the  defign,  as  before  ; and  the  pencil 
at  the  fame  time  will  draw  its  copy  in  the  proportion 
required  ; the  pencil  here  only  moving  half  the  lengths 
that  the  point  moves. 

, 3.  On  the  contrary,  when  the  defign  is  to  be  en- 

larged to  a double  fize  ; the  brafs  point,  with  the  defign, 
mull  be  placed  in  the  middle  at  numb.  3,  the  pencil 
and  paper  at  the  end  of  the  long  ruler,  and  the  worm 
at  the  other  end. 

4.  To  reduce  or  enlarge  in  other  proportions,  there 


ar 


holes  drilled  at  equal  dillances  on  each  rnler  j viz, 
all  along  the  lliort  ones,  and  half  way  of  the  long  ones,, 
for  placing  the  brafs  point,  pencil,  and  worm,  in  a right 
line  in  them  ; i.  e.  if  the  piece  carrying  the  point  be 
put  in  the  third  hole,  the  other  two  pieces  mull  be  put 
each  in  its  tliird  hole  ; &c. 

PENTANGEE,  a plane  figure  of  five  angles,  or  the 
fame  as  the  Pentagon. 

PENUMBRA,  in  Aflronomy,  a faint  or  partial 
lhade,  in  an  eclipfe,  obferved  between  the  perfedl  llia- 
dow,  and  the  full  light. 

The  Penumbra  arifes  from  the  magnitude  of  the  fun^s[ 
body;  were  he  only  a luminous  point,  the  lhadow 
would  be  all  perfect;  but  by  reafon  of  the  diam.eter  of 
the  fun  it  happens,  that  a place  which  is  not  illuminated 
by  the  whole  body  of  the  fun,  does  yet  receive  rays 
from  fome  part  of  it. 

Thus,  fuppofe  S the  fun,  and  T the  moon,  and  the 
fliadow  of  the  latter  projected  on  a plane,  as  GH  (Plate 
xix,  fig.  3 j.  The  true  proper  fhadow  of  T,  viz  GPI, 
will  be  encompafled  with  an  imperfedl  fliadow,  or  Pe- 
numbra, IIL  and  GE,  each  portion  of  which  is  illumi- 
nated by  an  entire  hemifpliere  of  the  fun. 

The  degree  of  light  or  flnade  of  the  Penumbra,  will 
be  more  or  lefs  in  different  parts,  as  thofe  parts  lie  open 
to  the  rays  of  a greater  or  lefs  part  of  the  fun’s  body  ; 
thus  from  L to  H,  and  from  E to  G,  the  light  conti- 
nually diminifhes  ; and  in  the  confines  of  G and  H,  the 
Penumbra  is  darkell,  and  becomes  lofl;  and  confound- 
ed with  the  total  fliade  : as  near  E and  U it  is  thin  and 
confounded  with  the  total  light. 

A Penumbra  mull  be  found  in  all  eclipfes,  wdiether 
of  the  fun,  the  moon,  or  the  other  planets,  primary  or 
fecondary;  but  it  is  moil  confiderable  with  us  in  ecliofes 
of  the  fun ; wdiich  is  the  cafe  here  referred  to. 

The  Penumbra  extends  infinitely  in  length,  and 
grows  flill  wuder  and  wider  ; two  rays  drawn  from  the 
two  extremities  of  the  earth’s  diameter,  and  which  pro- 
ceed always  diverging,  form  its  two  edges  ; all  that  in- 
^finite  diverging  Ipace,  included  between  lines  pafliug 
through  E and  L,  is  the  Penumbra,  except  the  cone  of 
the  lhadow  in  the  middle  of  it. 

To  determine  how  much  of 
the  furface  of  tlie  earth  can  be  Ivl 

involved  in  the  Penumbra,  let 
the  apparent  femidiameter  of 
the  fun  be  fuppofed  the  great- 
ell,  or  about  16'  20",  which  is- 
when  the  earth  is  in  her  perihe- 
lion ; alfo  let  the  moon  be  in 
her  apogee,  and  therefore  at 
her  greatefl  dillance  from  the 
earth,  or  about  64  of  the  earth’s 
femidiameters.  Let  KNC  be 
the  earth,  T the  moon,  and 
MKN  the  Penumbra,  involving 
the  part  of  the  earth  from  K to 

N,  which  it  is  required  to  find.  ‘ Here  then  are  given 
the  angle  KMC  16'  20'',  TC  = 64,  KC  =r  i7  and 
OT  m of  KC.  Hence,  in  the  right-angled  trian- 
gle OTM,  as  fin.  GMT  : radius  ; ; OT  ; TM  rn 
2Io|OT  = 58KC  nearly.  Therefore  MC  = 
MT  -p  TC  rr:  58  -f  6±  = izz  femidiameters  of  the 
eaith.  Then,  in  the  triangle  KMC,  there  are  given 

KC 
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dfo  tlie  angle  KMC 
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16^  2d\  to  find  the  angle  C ; thus,  as 
KC : MC  : : lln,  Z.  KMC  : fia.  2I  MKP  = 35° 
from  this  take  the  L.  KMC  - - o 

leaves  the  Z.  C - - "35 

the  double  of  which  is  the  arc  KN  70 
or  nearly  a Ipace  of  ^866  miles  m diameter. 

PCRAMBULATOll,  an  inilrument  for  meafur- 
’ lug  diilanccs ; called  alio  Pedometer,  Waywifer,  and 
Surveying  Wheel. 

Thus  \Kreel  is  contrived  to  meafiire  out  a pole,  or  1 61 
feet,  in  making  two  revolutions  ; confequently  its  cir- 
cumference is  hd-Ket,  audits  diameter  2-626  icet,^or  2 
feet  5‘  inches  and  --5 Mi  pa^ts,  very  nearly.  It  is  ei- 
tlier  driven  forward  by  two  handles,  by  a peiion  walk- 
ing ; or  is  drawn  by  a coach  wheel,  dec,  to  whicii  it  is 
attached  by  a pole.  It  contains  various  movements, 
by  wheels,  or  ciock-woi  k,  witli  indices  on  its  face,  r\'hich 
IS  like  that  of  a clock,  to  point  out  the  diilance  palled 
over,  in  miles,  furlongs,  poles,  yards,  &c. 

Its  advantages  are  its  readnieis  and  expedition ; being 
very  ufeful  for  m eaiunng  roads,  and  great  ddlances  on 
level  ground.  See  tiie  hg.  Pla.te  xvii,  hg.  6. 

PERCH,  in  Surveying,  a hpuare  meafure,  being  the 
40th  part  of  a rood,  or  the  i6oth  part  of  an  acre;  that  is, 
the  fqiiare  of  a pole  or  rod,  of  the  length  of  5^  yards, 
er  1 61  feet. 

Pfrch  is  by  fome  alio  made  to  mean  a meafure  of 
length  ; being  the  fame  as  the  rod  or  pole  of  5 1 yards 
or  j61  feet  long.  But  it  is  better,  for  preventing  con- 
fufion,  to  diilinguiih  them. 

PERCUSSION,  in  Phyfics,  the  impreffion  a body 
makes  in  falling  or  ftriking  upon  another  ; or  the  iliock 
or  collifion  of  two  bodies,  which  meeting  alter  each 
other’s  motion. 


Percuilion  is  either  Hireft  or  Oblique.  It  is  alfo  ei- 
ther of  Elattic  or  Nonelaftic  bodies,  which  have  each 
their  different  laws.  It  is  true,  wo  know  of  no  bodies 
in  nature  that  are  .either  perfectly  elaftic  or  the  contra- 
ry ; but  all  partaking  that  property  in  different  degrees ; 
even  the  hardeft  and  the  fofteft  being  not  entirely  di- 
veffed  of  it.  But,  for  the  fake  of  perfpicuity,  it 
is  ufual,  and  proper,  to  treat  of  thefe  two  feparately 
and  apart. 

Dir  eel  Percussion  is  that  in  which  the  impulfe  is 
made  in  the  direftion  of  a line  perpendicular  at  the 
place  of  impaft,  and  which  alfo  paffes  through  the 
common  centre  of  gravity  of  the  two  linking  bodies. 
As  is  the  cafe  in  two  ipheres,  when  the  line  of  the  di- 
reclion  of  the  ff  roke  palfes  through  the  centres  of  both 
fpheres  ; for  then  the  fame  line,  joining  their  centres, 
paffes  perpendicularly  through'the  point  of  impadt.  And 

Oblique  Percussion,  is  that  in  which  the  impulfe  is 
madein  the  direUion  of  aline  that  does  not  pafs  through 
the  common  centre  of  gravity  of  the  linking  bodies  ; 
whether  that  line  of  diredlioii  is  perpendicular  to  the 
place  of  impafl,  or  hot. 

The  force  of  Percuffion  is  the  fame  as  the  momentum, 
or  quantity  of  motion,  and  is  reprefented  by  the  pro- 
du6l  arifing  from  the  mafs  or  quantity  of  matter  moved, 
multiplied  by  the  velocity  of  its  motion  ; and  that  with- 
out any  regard  to  the  time  or  duration  of  adtion  ; for 
its  adlion  is  confidered  totally  independent  of  time,  cr 
but  as  for  an  inilant,  or  an  infinitely  fniall  time. 


This  conGderation  will  enable  us  to  refolve  a queffion 
that  has  been  greatly  canvaffed  among  pbilofophers  and 
mathematicians,  viz,  what  is  the  relation  between  the 
force  of  Percuffion  and  mere  preffiure  or  weight  ? For 
we  hence  infer,  that  the  former  force  is  infinitely,  of 
incomparably,  greater  than  the  latter.  For,  let  M de- 
note any  mafs,  body,  or  w-eight,  having  no  motion  or 
velocity,  but  fimply  its  preffiure  ; then  will  that  pref- 
fure  or  force  be  denoted  by  M itfelf,  if  it  be  confidered 
as  adling  for  fome  certain  finite  aflignable  time  ; but, 
confidered  as  a force  of  Percuffion,  that  is,  as  adling’ 
but  for  an  infinitely  final!  time,  its  velocity  being  o, 
or  nothing,  its  pCrcuffiive  force  will  be  o X MI,  that 
is  o,  or  nothing  ; and  is  therefore  Icfs  than  any  the 
fmallefl  percuffivc  force  whatever.  Again,  let  us  confider 
the  two  forces,  viz,  of  Percuffion  and  preffiure,  with 
refpedt  to  the  effedts  they  produce  : Flow  the  intenfity 
of  any  force  is  very  w-ell  meafured  and  eflimated  by  the 
effedl  it  produces  in  a given  time  : But  the  effedl  of  the 
preffiure  M,  in  o time,  or  an  infinitely  fmall  time,  is 
nothing  at  all;  that  is,  it  will  not,  in  an  infinitely  fmall. 
time,  produce,  for  example,  any  motion,  either  in  it- 
felf, or  in  any  other  body  : its  intenfity  therefore,  as 
its  effedl,  is  infinitely  lefs  than  any  the  fmalieft  force  of 
Percuffion.  It  is  true,  indeed,  that  we  fee  motion  and 
oth«r  confiderable  effedts  produced  by  mere  preffure, 
and  to  counteradl  which  it  will  require  the  oppofition 
of  fome  confiderable  percuffi\ye  force  : but  then  it  mall 
be  obferved,  that  the  former  has  been  an  infinitely 
longer  time  than  the  latter  in  producing  its  effedl;  and 
it  is  no  wonder  in  mathematics  that  an  infinite  number 
of  infinitely  fmall  quantities  makes  up  a finite  one.  It 
has  therefore  only  been  for  want  of  confidering  the 
circurnffance  of  tlrney  that  any  qneftion  could  have  arilen 
on  this  head.  Elence  the  two  forces  are  related  to  each 
other,  only  as  a furface  is  to  a folid  or  body:  by  the 
motion  of  the  furface  through  an  infinite  number  of 
points,  or  through  a finite  right  line,  a folid  or 
body  is  generated ; and  by  the  adlion  of  the  pref- 
fure for  an  infinite  number  of  moments,  or  for  fome  fi- 
nite time,  a quantity  equal  to  a given  percuffive  lorce 
is  generated  : but  the  furface  itfelf  is  infinitely  lefs  than 
any  folid,  and  the  preffure  infinitely  lels  than  any  per- 
cuffive force.  This  point  may  be  eafily  dluffrated  by 
fome  familiar  inffances,  which  prove  at  leaff  the  enor- 
mous difproportion  between  the  two  forces,  if  not 
alfo  their  abfolute  incomparability.  And  firft,  the 
blow  ofa  fmall  hammer,  upon  the  head  of  a nail,  will  drive 
the  nail  into  a board  ; when  it  is  hard  to  conceive  any 
weight  fo  great  as  will  produce  a like  effedl,  i.  e.  that 
W'ill  fink  the  nail  as  far  into  the  board,  at  leaff  unlefs  it 
is  left  to  acl  for  a very  confiderable  time  : and  even  af- 
ter the  greateft  weight  has  been  laid  as  a preffure  on 
the  head  of  the  nail,  and  hae  funk  it  as  far  as  it  can  as 
to  fenfc,  by  remaining  for  a long  time  there  without 
producing  any  farther  fenfible  effedl  let  the  weight  be 
removed  from  the  head  of  the  nail,  and  inftead  of  it, 
let  it  he  ffruck  a fmall  blow  with  a hammer,  and  the 
nail  will  immediately  fink  farther  into  the  wood.  Again, 
it  is  alfo  well  known,  that  a fliip-carpenter,  with  a 
blow  of  liis  mallet,  will  drive  a wedge  in  below  the 
greateil  ffiip  whatever,  lying  aground,  and  fo  overcome 
her  weight,  and  lift,  her  up,  I^aflly,  let  us  confider  a 
man  with  a club  to  ftrike  a fmal]  ball,  upwards  or  in 
7 any 


any  other  dire£lion  ; it  is  evident  that  the  ball  will 
acquire  a certain  determinate  velocity  by  the  blow, 
iuppofe  that  of  lo  feet  per  fecond,  or  minute,  or  any 
other  time  whatever  : now  it  is  a law,  univerfally 
allowed  in  the  comimunication  of  miotion,  that  tvhen 
different  bodies  are  ftruck  with  equal  forces,  the  ve- 
locities communicated  are  reciprocally  as  the  weights 
of  the  bodies  that  are  ffruck  ; that  is,  that  a double 
body,  or  weight,  w'ill  acquire  half  the  velocity  from 
an  equal  blow  ; a body  lo  times  as  great,  one  loth 
of  the  velocity;  a body  ico  times  as  great,  the  locth 
part  of  the  velocity  ; a body  a miillion  times  as  great, 
the  millionth  part  of  tlie  velocity  ; and  fo  on  witlrout 
end  : from  whence  it  follows,  that  there  is  no  body  or 
weight,  how  great  feever,  but  will  acquire  fonre 
finite  degree  of  velocity,  and  be  overcome,  by  any 
given  Irnall  finite  blow,  or  Perciiflion. 

It  appears  that  Des  Cartes,  firft  of  any,  had  fome 
ideas  of  the  law-s  of  Percuffion  ; though  it  muff  be 
acknowledged,  in  fome  cales  perhaps  wide  of  the  truth. 
The  firll  who  gave  the  true  laws  of  motion  in  non- 
elaftic  bodies,  was  Deftor  Wallis,  in  thePhilof.  Tranf. 
numb.  45,  where  he  alfo  fhews  the  true  caufe  of  re- 
flexions in  other  bodies,  and  proves  that  they  proceed 
from  their  elafficity.  Not  long  after,  the  celebratexl 
Sir  Chriffopher  Wren  and  Mr.  Huygens  imparted  to 
the  Royal  Society  the  laws  that  are  obferved  by  per- 
feXly  elaftic  bodies,  and  gave  exaXly  the  fame  con- 
ffruXion,  though  each  was  ignorant  of  what  the  other 
had  done.  And  all  thofe  laws,  thus  publiffied  in  the 
Philof.  Tranf.  wilhowt  demonllration,  were  afterwards 
demonftrated  bv  Dr.  Keill,  in  his  Philof.  LeX.  in 
17CO  ; and  they  have  fince  been  followed  by  a mAilti- 
tude  of  other  authors. 

In  Percuffion,  we  diftinguifli  at  leaff  three  feveral 
forts  of  bodies  ; the  perfedtly  hard,  the  perfeXly  foft, 
and  the  perfeXly  elaflic.  The  two  former  are  confi- 
dered  as  utterly  void  of  elafficity  ; having  no  force  to 
feparate  them,  or  throv/  them  off  from  each  other 
again,  after  collifion  ; and  therefore  either  remaining  at 
reff,  or  elfe  proceeding  uniformly  forward  together  as 
one  body  or  mafs  of  matter. 

The  laws  of  Percuffion  therefore  to  be  confidered, 
are  of  two  kinds  : thofe  for  elaftic,  and  thofe  for  noii- 
elaftic  bodies. 

The  one  only  general  principle,  for  determining  the 
motions  of  bodies  from  Percuffion,  and  which  belongs 
equally  to  both  the  forts  of  bodies,  i.  e.  both  the 
elaftic  and  nonelaftic,  is  this ; viz,  that  there  exifts 
in  the  bodies  the  fame  momentum,  or  quantity  of 
motion,  eftimated  in  any  one  and  the  fame  diredfion, 
both  before  the  ftreke  and  after  it.  And  this  princi- 
ple is  the  immediate  rcfiilt  of  tlie  third  law  of  nature 
or  motion,  that  reaXion  is  equal  to  aXion,  and  in  a 
contrary  direXion  ; from  -whence  it  happens,  that 
whatever  motion  is  commiunicated  lo  one  body  by  the 
aXion  of  another,  exaXly  the  lame  motion  doth  this 
latter  lofe  in  the  fame  direXion,  or  exaXly  the  fame 
does  the  form.er  communicate  to  the  latter  in  the  con- 
trary direXion. 

From  this  general  principle  too  it  refults,  that  no 
alteration  takes  place  in  the  common  centre  of  gravity 
©f  bodies  by  their  adlious  upon  one  another  ; but  that 
the  faid  common  centre  of  gravity  perfevtres  in  the 


fame  ftate,  whether  of  reft  or  of  uniform  motion,  both 
before  and  after  the  fhock  of  the  bodies. 

Now,  froni  cither  of  thefe  two  laws,  viz,  that  of 
the  prefervation  of  the  fame  quantity  of  motion,  in 
one  and  the  fame  direXion,  and  that  of  the  preferva- 
tion of  tlie  fame  ftate  of  the  centre  of  g-ravitv,  both 
before  and  after  the  ftiock,  all  the  circiimftances  of  the 
motions  of  both  the  kinds  of  bodies  after  collifion  may 
be  made  out  ; in  cenjunXion  with  their  own  peculiar 
and  feparate  conliitutions,  namely,  tliat  of  the  one  fort 
being  elaftic,  and  the  other  nonelaftic. 

The  effecfs  of  thefe  different  conftitiitions,  ihere 
alluded  to,  are  thefe  ; that  nonelaltic  bodies,  on  them 
fhock,  will  adhere  together,  and  either  remain  at  reft, 
or  elfe  move  together  as  one  mafs  with  a common 
velocity ; or  if  elaftic,  they  will  feparate  after  the 
fhock  with  the  very  fame  relative  velocity  with  which, 
they  met  and  fhocked.  The  former  of  thefe  confe- 
quences  ps  evident,  viz,  that  nonelaftic  bodies  keep 
together  as  one  mafs  after  they  meet  ; becaufe  there 
exifts  no  power  to  feparate  them;  and  without  a caufe 
there  can  be  no  efleX.  And  the  latter  confequence 
refults  immediately  from  the  very  definition  and 
effence  of  elafficity  itfelf,  being  a power  always  ecjual 
to  the  force  of  cornpreffion,  or  fhock  ; and  which  re- 
ftoring  force  therefore,  aXing  the  contrary  way,  will 
generate  the  fame  relative  velocity  between  the  bodies, 
or  the  fame  quantity  of  matter,  as  before  the  fiiock, 
and  the  fame  motion  alfo 'of  their  coinmou  centre  of 
gravity. 
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To  apply  now  the  general  principle  to  tiic  deter- 
mination of  the  motions  of  bodies  after  their  ftiock  ; 
let  B and  b be  any  two  bodies,  and  V and  v their 
refpeXive  vclc cities,  eftimated  in  the  direXion  AD  ; 
which  quantities  V and  *0  will  be  both  pofitive  if  the 
bodies  both  move  towards  D,  but  one  of  them  as  'u 
will  be  negative  if  tlie  body  b move  towards  A,  and 
will  be  rn  o if  the  body  b be  at  reft.  Hence  then 
BV  is  the  momentum  of  B towards  D,  and 
bv  is  the  momentum  of  b tov/ards  D,  whofe  fum  is 
BV  4-  bvj  which  is  the  whole  quantity  of  motion  in 
the  direXion  AD,  and  which  momentum  muff  alfo  be 
preferved  after  the  fhock. 

Now  if  the  bodies  Iiave  no  elafficity,  they  will 
m.ove  together  as  one  mafs  B + ^ after  they  mecM., 
with  fome  common  velocity,  which  call  j,  in  the  di- 
reXion AD  ; therefore  the  momentum  in  that  direXion 
after  the  fliock,  being  tlie  produX  of  the  mafs  and 
velocity,  will  be  (B  -f-  Z')  X y.  But  the  momenta,  in 
the  fame  direXion,  before  and  after  the  impadt,  are 
equal,  that  is  BV  -j-  bv  ~ from  which 

equation  any  one  of  tlie  quantities  may  be  determined' 
when  the  reft  are  given.  So,  if  we  would  find  tlie 
commion  velocity  after  the  ftroke,  it  will  be  y 

— — , equal  to  the  fum  of  the  momenta  divided 

B -i-  b ^ 

by  the  fum  of  the  bodies  ; which  is  alfo  equal  to  the 
velocity  of  the  common  centre  of  gravity  of  the  two 
bodies,  both  before  and  after  the  collifion.  The  figiis 
of  the  terms,  in  this  value  of  y,  will  be  all  pofitive,  as 

above. 
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wlicn  tlie  bodies  move  both  the  lamS  way  AD  ; 
but  one  term  bv  muft  be  made  negative  when  the  mo- 
tion of  b is  the  contrary  way  ; and  that  term  will  be  ab- 
icnt  or  nothing,  when  h is  at  red,  before  the  fhock. 

Again,  for  tlie  cafe  of  elaflic  bodies,  which  will  Se- 
parate alter  the  droke,  with  certain  velocities,  a-  and 
viz,  X the  velocity  of  B,  and  k the  velocity  of  b after 
tlie  collifion,  both  elfiraated  in  the  diredlion  AD, 
which  quantities  will  be  cither  pofitive,  or  negative,  or 
nothing,  according  to  the  circum dances  of  the  maffes 
B and  with  thofe  of  their  celerities  before' the  flroke. 
Kence  then  B.x  and  h'z,  are  the  feparate  momenta  after 
the  Ihock,  and  Bar  -f-  h%  their  fiiin,  which  mud  be  equal 
to  the  fiirn  BV  + h%)  in  the' fame  dircdlion  before  the 
Stroke  : alfo  % — x is  the  relative  velocity  with  which 
the  bodies  feparate  after  the  blow,  and  which  mud  be 
jeqiial  to  V — v;  the  fame  with  which  they  meet ; or, 
v/hich  is  the  fame  thing,  that  V q-  .v  'Ll  -f-  » ; that 
is,  the  fum  of  the  two  velocities  of  the  one  body,  is 
equal  to  the  fum  of  the  velocities  of  the  other,  taken 
before  and  after  the  droke  ; which  is  anolher  notable 
theorem.  Hence  then,  for  determining  the  two  unknown 
quantities  .v  and  x,  there  are  thefe  two  equations, 
viz,  BV  -f-  “ Jbx  rf-  Z'SS, 

and  V — = 2s  — X y 

or  V 4-  .V  = 'll  2;  ; 

the  refolution  of  which  equations  gives 
velocities  as  below, 

2lv  -f  (B  - h)Y 

7 j 


thofe 


two 
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B q-  b 

2BV  - (B  - b) 
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From  thefe  general  values  of  the  velocities,  rrhich 
are  to  be  underdood  in  the  direction  AD,  any  particu- 
lar cafes  may  eafily  be  drawn.  As,  if  the  two  bodies  B 
and  b be  equal,  then  B — ^ = o,  and  B -f  Z-  = 2B, 
and  the  two  velocities  in  that  cafe  become,  after  im- 
piilfe,  — V,  and  % z=V,  the  very  fame  as  they  were 
before,  but  changed  to  the  contrary  bodies,  i.  e.  the 
bodies  have  taken  each  other’s  velocity  that  it  had 
before,  and  with  the  fame  fign  alfo.  So  that,  if  the 
equal  bodies  were  before  both  moving  the  fame  way, 
or  towards  D,  they  will  do  the  fame  after,  but  with 
interchanged  velocities.  But  if  they  before  moved 
contrary  ways,  B towards  D,  and  b towards  A,  tliey 
will  rebound  contrary  w^ays,  B back  towards  A,  and 
h towards  D,  each  with  the  other’s  velocity.  And, 
lalllv,  if  one  body,  as  b,  were  at  reft  before  the 
ftrolee,  then  the  other  B will  be  at  reft  after  it,  and  b 
will  go  on  with  the  motion  that  B had  before.  And 
thus  may  any  other  particular  cafes  be  deduced  from  the 
fiift  general  values  ol  x and  2. 

AVe  may  now  conclude  this  article  with  feme  re- 
marks on  thefe  motions,  and  the  miftakes  of  fome 
authors  concerning  them.  And  ftrft,  we  obferve  this 
Clriking  difference  between  the  motions  that  are  com- 
municated by  elaftic  and  by  nonelaftic  bodies,  viz,  that 
a nonelaftic  body,  by  ftriking,  communicates  to  the 
body  it  ftrikes,  exadily  its  whole  momentum  ; as  is 
evident.  But  the  ftroke  of  an  elaftic  body  may  either 
communicate  its  rvhole  motion  to  the  body  it  ftrikes, 
or  it  may  communicate  only  a part  of  it,  or  it  may 
even  communicate  more  than  it  had.  For,  if  the 
ftriking  body  remain  at  reft  after  the  ftroke,  it  ha« 


juftloft  all  its  motion,  and  therefore  has  communicated' 
all  it  had  ; but  if  it  ftill  move  forward  in  the  fame 
direbfion,  it  has  ftill  fome  motion  left  in  that  di- 
rection, and  therefore  has  only  communicated  a part 
of  w’hat  motion  it  had  ; and  if  ...the  ftriking  body  re- 
bound back,  and  move  in  the  contrary  direCtion,  the 
other  body  has  received  not  only  the  whole  of  the 
motion  that  the  ftrft  had,  but  alfo  as  much  more  as 
the  ftrft  has  acquired  in  the  contrary  direiftion. 

It  has  been  denied  by  fome  authors,  and  in  the  En- 
cyclopcdie,  that  the  fame  quantity  of  motion  remains 
after  the  ftiock,  as  before  it  ; and  hence  they  feizc 
an  opportunity  to  reprehend  the  Cartefians  for  making 
that  afi'ertion,  which  they  do,  not  only  with  refpeCl  to 
the  cafe  of  two  bodies,  but  alfo  of  all  the  bodies  in  the 
whole  univerfe.  And  yet  nothing  is  more  true,  if  the 
motion  be  coiiftdered  as  eftimated  always  in  one  and 
the  fame  direHion,  efteemiiTg  that  as  negative,  w^hicli 
is  in  the  contrary  or  oppoftte  direction.  For  it  is  a 
general  law  of  nature,  that  no  motion,  nor  force,  can 
be  generated,  nor  deftroyed,  nor  changed,  but  by 
fome  caufe  which  muft  produce  an  equal  quantity  in 
the  oppoftte  direction.  And  this  being  the  cafe  in 
one  body,  or  two  bodies,  it  muft  neceffarily  be  the 
cafe  in  ail  bodies,  and  in  the  whole  folar  fyltem?  fincc 
all  bodies  aCl  upon  one  another.  And  hence  alfo  it 
is  manifeil,  that  the  common  centre  of  gravity  of  the 
whol^  folar  fyftem  mmft  always  preferve  its  original 
condition,  whether  it  be  of  reft  or  of  uniform  motion  ; 
fince  the  ftate  of  that  centre  is  not  changed  by  the  mu- 
tual adtions  of  bodies  upon  one  another,  any  more  than 
their  quantity  of  motion,  in  one  and  the  fame  diredtion. 

What  may  have  led  authors  into  the  miftake  above 
alluded  to,  which  they  bring  no  proof  of,  feems  to  be 
the  difeovery  of  jM.  Bluygens,  that  the  fums  of  die  two 
prodiidls  are  equal,  both  before  and  after  the  Ihock, 
that  are  made  by  multiplying  each  body  by  the  fqiiare 
of  its  velocity,  viz,  that  BV^  -ft  h’lP-  — Ba^  + 
where  V and  v are  the  velocities  before  the  ftiock, 
and  X and  2i  the  velocities  after  it.  Such'  an 
expfeftion,  namely  the  produdl  of  the  mafs  by  the 
fquare  of  the  velocity,  is  called  the  vis  viva,  or  living 
force  ; and  hence  it  has  been  inferred  that  the  whole 
vis  viva  before  the  ftiock,  or  BV^  ft-  is  equal  to 
that  after  the  ftroke,  or  Ba^^  4-  h-xP- ; which  is  indeed 
very  true,  as  will  be  (hewn  prefently.  But  when  they 
hence  infer,  both  that  therefore  the  forces  of  bodies 
in  motion  are  as  the  fqiiares  of  the  velocities,  and  that 
there  is  not  the  fame  quantity  of  motion  bctiveen  the; 
two  ftriking  bodies,  both  before  and  after  the  vftiock, 
they  are  grofsly  miftaken,  and  thereby  ftiew  that  they 
are  ignorant  of  the  true  derivation  of  the  equation 
BV^  4“  Ba*  -f-  ItP.  For  this  equation  is  only 

a confeqiience  of  the  very  principle  above  laid  down, 
and  which  is  not  acceded  to  by  thofe  authors,  viz, 
that  the  quantity  of  motion  is  the  fame  before  and 
after  the  ftiock,  or  that  BV  hv  = B.v  4-  /’z, 
the  truth  of  which  laft  equation  they  deny,  becaufe 
they  think  the  former  one  is  true,  never  dreaming  that 
they  may  be  both  true,  and  much  lefs  that  the  one  is 
a confequence  of  the  other,  and  derived  from  it  ; 
which  however  is  now  found  to  be  the  cafe,  as  is  proved 
in  this  manner  : 

It  has  been  ftiewn  that  the  fam  of  the  two  momenta,  * 

in 
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the  fame  direction,  before  and  after  the  ilroke,  are 
equal,  or  that  BV  + = B.v  -f-  hz  ; and  alfo  that 

the  fum  of  the  two  velocities  of  the  one  bodv,  is 
equal  to  the  fum  of  thofe  of  the  otlier,  or  that  V '-f  a* 
-u  + 2; ; and  it  is  now  propofed  to  fhew  that  from 
thefe  two  equations  there  rei'ults  the  third  equation 
BV^  -f-  = Bar"  ■>{-  1%"^,  or  the  equation  of  the 

living  forces. 

Now  becaufe  BV  + = Bw  + hz^  by  tranfpofi- 

tion  it  is  - BV  — V>z  hz  — /y-i.';  which  ihews 
that  the  difference  betw^een  tlie  two  momenta  of  the  one 
body,  before  and  after  the  llroke,  is  equal  to  the  dif- 
ference between  thofe  of  the  other  body  ; wliicli  is 
another  notable  theorem.  But  now,  to  derive  the 
equation  of  the  vis  viva,  fet  down  the  two  foregoing 
equations,  and  multiply  them  together,  fo  fhall  the 
produdfs  give  the  faid  equation  required  ; tin  is 
Mult.  BV  — V)X  —Iz  — bi\  the  equat.  of  the  nromen- 
ta,  by  V + AT  — g +-  -7’,  the  equat.  of  the  velocities, 
produc.  BV^  — B,i“  = Sz-  — 

or  BV^  "b  — Ba'^  -j-  bz^f 
the  very  equation  of  the  vis  viva  requircxl.  Wdiich 
was  to  be  proved. 

When  the  elaflicity  of  the  bodies  is  not  perfed, 
But  only  partially  fo,  as  is  the  cafe  with  all  the  bodies 
we  know  of,  the  determination  of  the  motions  after 
coUifion  may  l>e  determined  in  a fimilar  manner.  8ee 
Keill’s  Led.  Philof.  led.  14,  theor.  29,  at  the  end. 
•And  for  the  geometrical  determinations  after  impad, 
fee  the  article  Collision. 

Cetiire  of  Percussion,  is  the  point  in  which  the 
fhock  or  impulCe  of  a body  which  ftrikes  another  is 
the  greateil  that  it  can  be.  See  Centre. 

The  Centre  of  PercufTion  is  the  fame  as  the  centre 
of  ofcillation,  when  the  linking  body  moves  round  a 
hxed  axis.  See  Oscilla lion. 

But  if  all  the  parts  of  the  Unking  body  move  with  a 
parallel  motion,  and  with  the  fame  velocity,  then  the 
Centre  of  Perciillion  is  the  fame  as  the  centre  of  gravity. 

PERFECT  Numb  ER,  is  one  that  is  equal  to  the 
Rim  of  all  its  aliquot  parts,  when  added  together, 
itucl.  lib.  7,  def.  22.  As  the  number  6,  which  ie  = 

I +2  -f  3,  the  fum  of  all  its  aliquot  parts;  alfo  28, 
for  28  = i 4-2-f44-  7 + 1 4>  the  fum  of  all  its 
aliquot  parts. 

It  is  proved  by  Euclid,  in  the  lall  prop,  of  book 
the  9th,  that  if  the  common  geometrical  feries  of 
numbers  i,  2,  4,8,  16,  32,  &c,  be  continued  to  fuch 
a number  of  terms,  as  that  the  fum  of  tlie  faid  feries 
of  terms  lhall  be  a prime  number,  then  the  produ6l  of 
this  fum  by  the  laic  term  of  the  feries  will  be  a perfed 
number. 

This  fame  rule  may  be  otherwife  exprelfed  thus  : 
If  n denote  the  number  of  terms  in  the  given  feries 
I,  2,  4,  8,  &c  ; then  it  is  well  known  that  the  fum 
cf  all  the  terms  of  the  feries  is  2''  — i,  and  it  k evi- 
dent that  the  lall  term  is  2 : confequently  the 

rule  becomes  thus,  viz,  2 X 2''  — i = a per- 
fed number,  wliencver  2"  — i is  a prime  number. 

Now  the  fums'of  one,  two,  three,  hmr,  iScc,  terms 
of  the  feries  i,'2,  4,  8,  ^"c,  form  the  feries  i,  3,  7, 
If’  3^’  ^0  ; fo  that  the  number  will  be  found  perfed 
VoL.  II. 


whenever  the  correfponding  term  of  this  feries  is  a 
prime,  as  i,  3,  7,  31,  &c.  Whence  the  table  of  perfecl 
numbers  may  be  found  and  exhibited  as  follows  ; where 
the  III  column  Ihews  the  number  of  terms,  or  the  value 
of  n ; tlic  2d  column  is  the  lall  term  of  the  feries 

2,  4,  8,  &c,  and  is  exprelfed  by  2^  ^ ; the  3d 

column  contains  the  correfponding'  fums  of  tlie  faad 


feries,  or  the  values  of  the  quantity  2^^  — 1 ; which 
luunbers  in  this  3d  column  are  eafily  conllruded  bv 
adding  always  the  lall  number  in  this  column  to  the 
next  following  number  in  the  2d  column  : and  lafllv, 
the  4tli  column  fltews  the  correfpondent  Perfed  Niim- 


uers,  or  the  values  of  2 x 2^  - j , the  produd 
of  tne  numoers  in  the  2d  and  3d  columns,  when  2'’  — 1 , 
the  number  in  tlie  3d  column,  is  a prime  number  • 
the  produds  in  the  other  cafes  'being  omitted,  as  not 
1 cried  Numbers. 


i Values 

of  n 

Values 

r ^ ^ 

of  2 

Values 

of  2 — I 

Perf.  Numbers,  | 
or  2 X (2'^  — i)j 

I 1 

I 

? 

" r 

I 

2 

2 

3 

6 

3 

4 

7 

28 

4 

8 

15 

• 

5 

16 

3f 

496 

6 

32 

63 

• 

7 

64 

127 

8128 

Hence  the  fird  four  Perfed  Numbers  are  found  to 
be  6,  28,  496,  8128  ; and  thus  the  table  might  be 
continued  to  find  others,  but  the  trouble  would  be 
very  great,  for  want  of  a general  method  to  diltinguifli 
which  numbers  are  primes,  as  the  cafe  requires.  Se- 
veral learned  mathematicians  have  endeavoured  to  faci- 
litate this  bufinefs,  but  hitherto  with  only  a fmalj 
degree  of  perfedion.  After  the  foregoing  four 
Perfed  Numbers,  there  Is  a long  interval  before  any 
more  occur.  The  full  eight  are  as  follow,  with  the 
fadors  and  produds  ivhich  produce  them  » 

The  hrfl  Perfed  Numbers.  Their  values. 


6 

28 

496 

8128 

3355033^ 

8589869056 
13743869 1328 
2303  843008 139952 128 


l)  2 
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i) 

1 2^ 

— 

1 2^ 

— 

— 

d 

1 2^ 

(2*3 

— 

c 

) 2*2 

d 

1 2"^ 

— 

1) 

2IS 

= 1 

+31 

— . 

0 

2 3® 

See  feveral  confiderable  trads  on  the  fubjed  of 
Perfed  Numbers  in  the  Memoirs  of  tlie  Peterlburgh 
Academy,  vol.  2 of  the  new  vols,  and  in  feveral  other 
volumes. 

PERIjECI.  See  Pkriofci. 

ITdllGiP.UM,  or  PfRicEE,  is  that  point  of  the 
orbit  of  the  fun  or  moon,  which  is  the  nearell  to  the 
cartli.  III  which  fenfe  it  Hands  oppofed  to  Apogee, 
w hich  is  the  moll  diftant  point  from  the  earth. 

^ Perigee, 


PER  [ 

Peetgee,  in  the  Ancient  Aflronomy,  denotes  a 
point  in  a planet’s  orbit p where  the  centre  of  its  epi-* 
cycle  is  at  the  leaf!  dillance  from  the  earth.  ^ ^ 

PERIHELION,  Perikelium,  that  point  in  the 
orbit  of  a planet  or  comet  which  is  neareft  to  the  fun. 
In  which  fenfe  it  Hands  oppofed  to  Aphelion,  or  Ap- 
heliiira,  which  is  the  highell  or  moil  diftant  point  from 

the  fun.  r I -n,  • 

Inllead  of  this  term,  the  Ancients  ufed  Pengeum  ; 

becaufe  they  placed  tlie  earth  in  the  centre.  ^ 
PEPvlMETER,  in  Geometry,  the  ambit,  limit,  or 
outer  bounds  of  a figure  ; being  the  fum  of  all  the 
lines  by  wliich  it  is  iiiclofed  or  formed.  ^ 

In  circular  figures,  &c,  inilead  of  this  teim,  the 
word  circumference  or  periphery  is  ufed.  ^ 

PERIOD,  in  Aftronomy,  the  time  in  which  a 
liar  or  planet  makes  one  revolution,  or  retunys  again 
to  the  fame  point  in  the  heavens. 

The  fun’s,  or  properly  the  earth’s  tropical  period, 
is  365  days  5 hours  48  minutes  45  feconds  30  thirds. 
That  of  the  moon  is  27  days  7 hours  43  minutes. 
That  of  the  other  planets  as  below. 

There  is  a wonderful  harmony  oetween  the  diilances 
cf  the  planets  from  the  fun,  and  their  Periods  round 
him;  the  great  lav/  of  which  is,  that  the  fqiiaies  of 
the  Periodic  times  are  always  proportional  to  the 
cubes  of  their  mean  diftances  from  the  fun. 

, The  Periods,  both  tropical  and  fydereal,  with  the 
proportions  of  the  mean  diftances  of  the  feverai  planets 
are  as  follow ; 


Planets 

Tropical 

Periods 

Sydereal 

Periods 

Proport, 

Dills. 

Mercury 

Venus 

Earth 

Mars 

Jupiter 
Saturn 
Georgian  or 
Elerfchel 

87^  23^  14' 
224  16  42 

3*^5  5 49 

686  22  18 

4330  8 58 

1.0749  7 

30456  I 41 

87‘'23^  16' 
224  16  49 
365  6 9 

686  23  3! 

4332  8 51 

10761  14  37 

36710 

72333 

I 00000 
152369 
5201 10 
953800 

1908180 

As  to  the  comets,  the  Periods  of  very  few  of  them 
are  known.  There  is  one  however  of  between  75  and 
«^6  years,  which  appeared  for  the  laft  time  in  1759  ; 
another  was  fuppofed  to  have  its  Period  of  129  years, 
which  was  expedled  to  appear  in  1789  or  1790*?  but 
it  did  not;  and  the  comet  wdrich  appeared  in  1680 
it  is  thought  has  its  Period  of  575  years. 

Period,  in  Chronology,  denotes  an  epoch,  or  in- 
terval of  time,  by  which  the  years  are  reckoned  ; or  a 
Ibries  of  years  by  which  time  is  meafured,  in  different 
nations.  Such  are  the  Calippic  and  Metonic  Periods, 
two  different  corredlions  of  the  Greek  calendar,  the 
Julian  Period,  invented  by  Jofeph  Scaliger ; the  Vic- 
torian Period,  &c. 

Calippic  Period.  See  Calippic  Period. 

Conjiantinopolitan  Period,  is  that  ufed  by  tlie 
Greeks,  and  is  the  fiime  as  the  Julian  Period,  which 
fee. 

Chaldalc  Period.  SccSaroso. 
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Dionyfian  Period.  See  ViPorian  Period,  i 

Hipparchus’s  Period,  is  a feries  or  cycle  of  304  folar 
years,  returning  in  a conftant  round,  and  reftoring  the 
new  and  full  moons  to  the  fame  day  of  the  folar 
year  ; as  Hipparchus  thought. 

This  Period  arifes  by  multiplying  the  Calippic  Pe- 
riod by  4.  Hipparchus  affumed  the 'quantity  of  the  . 
folar  year  to  be  365d.  yh.  55m.  12  fee.  and  hence  he  | 
concluded,  that  in  304  years  Calippus’s  Period  would 
err  a whole  day.  He  therefore  multiplied  the  Period 
by  4,  and  from  the  produdl  caff  away  an  entire  day. 

But  even  this  does  not  reftore  the  new  and  full  moons 
to  the  fame  day  throughout  the  whole  Period : but  [ 
they  are  fometimes  anticipated  id.  8h.  23  m.  29  fee.  ; 
20  thirds.  I 

Julian  Period,  fo  called  as  being  adapted  to  the  | 
Julian  year,  is  a feries  of  7980  Julian  years  ; arifmg- 
from  the  multiplications  of  the  cycles  of  the  fun, 
moon,  and  indidtion  together,  or  the  numbers  28,  19, 

15  ; commencing  on  the  ift  day  of  January  in  the 
764th  Julian  year  before  the  creation,  and  therefore 
is  not  yet  completed.  This  comprehends  all  other 
cycles,  Periods  and  epochs,  with  the  times  of  all  me- 
morable adtions  and  hiftories  ; and  therefore  it  is  not 
only  the  moft  general,  but  the  moll  ufeful  of  all  Pe- 
riods in  Chronology. 

As  every  year  of  the  Julian  Period  has  its  particular 
folar,  lunar,  and  indidtion  cycles,  and  no  two  years  in 
it  can  have  all  thefe  three  cycles  the  fame,  every  year 
of  this  Period  becomes  accurately  diftinguiftied  from 
another. 

This  Period  was  invented  by  Jofeph  Scaliger,  as 
containing  all  the  other  epochs,  to  facilitate  the  re-  • 
dudtion  of  the  years  of  one  given  epoch  to  thofe  of 
another.  It  agrees  with  the  Conllantinopolitan  Pe- 
riod, ufed  by  the  Greeks,  except  in  this,  that  the  cy-  - 
cles  of  the  fun,  moon,  and  indiHion,  are  reckoned  dif- 
ferently ; and  alfo  in  that  the  firft  year  of  the  Con- 
ftantinopoiitan  Period  differs  from  that  of  the  Julian  1 
Period. 

To  find  the  year  anfwering  to  any  given  year  of 
the  Julian  Period,  and  vice  veria ; fee  Epoch. 

Metonic  Period.  See  Cycle  of  the  Moon. 

ViBorian  Period,  an  interval  of  532  Julian  years  ; \ 

at  the  end  of  wEich,  the  new  and  full  moons  return  i 
again  on  the  fame  day  of  the  Julian  year,  according  •; 
to  the  opinion  of  the  inventor  Vidtorinus,  or  Vidto-  >■' 
rius,  who  lived  in  the  time  of  pope  Hilary. 

Some  aferibe  this  Period  to  Dionyfius  Exiguus,  ' j 
and  hence  they  call  it  the  Dionyfian  Period  : others  * L 
again  call  it  the  Great  Pafchal  Cycle,  becaufe  it  was  ji 
invented  for  computing  the  time  of  Eafter. 

The  Vidtorian  Period  is  produced  by  multiplying 
the  folar  cycle  28  by  the  lunar  cymle  19,  the  pro- 
dudt  being  532.  But  neither  does  this  reftore  the  \i 
new  and  full  moons  to  the  fame  day  throughout  its  \ 
whole. duration,  by  id.  i6h.  58m.  59s.  40  thirds.  / 

Period,  in  Arithmetic,  is  a diftindlion  made  by  a y 
point,  or  a comma,  after  every  6th  place,  or  figure J 
and  is  ufed  in  numeration,  for  the  readier  diftinguifti-  *• 
ing  and  naming  the  feverai  figures  or  places,  which,  ti 
are  thus  diftinguifiied  into  Periods  of  fix  figures  eacli.  f 
See  Numeration.  ^ j' 

Period  is  alfo  ufed  in  Arithmetic,  in  the  extradtioa  ii 
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of  roots?  to  point  ofF,  or  feparate  the  figures  of  the 
given  number  into  Periods,  or  parcels,  of  as  many 
figures  each  as  are  exprelfed  by  the  degree  of  the 
I'oot  to  be  extradled,  viz,  of  two  places  each  for  the 
fiquare  root,  three  places  for  the  cube  root,  and  fo 
on. 

PEJvIODIC,  or  Periodical,  appertaining  to  Pe- 
riod, or  going  by  periods.  Thus,  the  Periodical 
motion  of  the  mioon,  is  that  of  her  monthly  period 
or  coui  fe  about  the  earth,  called  her  Periodical  month, 
containing  27  days  7 hours  45  minutes. 

Periodical  Month.  See  Month. 

EERICECI,  or  Perioecians,  in  Geography,  are 
fuch  as  live  in  oppofite  points  of  the  fame  parallel  of 
latitude.  Hence  they  have  the  fame  feafons  at  the 
fame  time,  with  the  fame  phenomena  of  the  heavenly 
bodies  ; but  their  times  of  the  day  are  oppofite,  or 
differ  by  12  hoiii-s,  being  noon  with  the  one  when  it 
is  midnight  with  the  other. 

PERIPATETIC  Philofophyy  the  fyftem  of  philo- 
fophy  taught  and  effablifhed  by  Ariftotle,  and  maintain- 
ed by  his  followers,  the  Peripatetics.  See  Aristo- 
tle. 

PERIPATETICS,  the  followers  of  Ariftotle. 
Though  fome  derive  their  eftabliftiment  from  Plato 
himfelf,  the  mafter  of  both  Xenocratcs  and  Ariftotle. 

PERIPHERY,  in  Geometry,  is  the  circumference, 
or  bounding  line,  of  a circle,  ellipfe,  or  other  regu- 
lar curvilineal  figure.-  See  Circumference,  and 
Circle. 

EERISCII,  or  Periscians,  tRofe  inhabitants  of 
the  earth,  whofe  ffiadows  do,  in  one  and  the  fame  day, 
tuin  quite  round  to  all  the  points  of  the  compals, 
without  difappearing. 

Such  are  the  inhabitants  of  the  two  frozen  zones, 
or  who  live  within  the  compafs  of  the  arClic  and  an- 
tarftic  circles  ; for,  as  the  fun  never  fets  to  them,  after 
he  is  once  up,  but  moves  quite  round  about,  fo  do  their 
ftiadow's  alfo. 

EERIST\  EE,  in  the  ancient  Architecture,  a 
place  or  building  encompafted  with  a row  of  co- 
lumns on  the  infide  ; by  wdiich  it  is  diftingujfticd 
from  the  periptere,  wdiere  the  columns  are  difpofed  on 
the  OLitfide. 

Peristyle  is  alfo  iifed,  by  modern  writers,  for  a 
range  of  columns,  either  within  or  without  a build- 


thing.  ^ So,  wEen  the  angle 
ABC  is  equal  to  the  angle 
ABE,  the  line  AB  is  faid  to  be 
Perpendicular,  or  normal,  or  at 
right  angles  to  the  line  CE). 

A line  is  Perpendicular  to  a 
curve,  wEen  it  is  perpendicular 
to  the  tangent  of  the  curve  at 
the  point  of  contaft. 

A line  is  Perpendicular  to  a 
plane,  wdien  it  is  Perpendicular 
to  every  line  drawn  in  the  plane 
through  the  bottom  of  the  Perpendicular.  And  one 
plane  is  I erpendicular  to  another,  when  a line  in  the 
one  plane  is  Perpendicular  to  the  other  plane. 

From  the  very  principle  and  motion  of  a Perpendiciir 
lar,  it  follow^s,  i.  That  the  Perpendicularity  is  mutual^ 
if  the  firft  AB  is  perpendicular  to  the  fecond  CD,  then 

IS  the  fecond  Perpendicular  to  the  firft 2.  That  only 

one  Perpendicular  can  be  drawn  from  one  point  in  the 
fame  place.  That  ii  a Perpendicular  be  continued 
through  the  line  it  was  drawn  Perpendicular  to  ; the 
continuation  BE  w ill  alfo  be  Perpendicular  to  the  fame. 
*7  4*  Ehat  if  there  be  two  points,  A.  and  E,  of  a right 
line,  each  of  which  is  at  an  equal  diftance  from  two 
points,  C and  D,  of  another  right  line  ; thofe  lines 
are  Perpendiculars.— 5.  That  a line  which  is  Perpendi- 
cular to  another  line,  is  alfo  Perpendicular  to  all  the 
parallels  of  the  other. — 6.  That  a Perpendicular  is  th^ 
ftiorteft  of  all  thofe  lines  wEich  can  be -drawn  from  the 
fame  point  to  the  fame  right  line.  Hence  the  diftance 
of  a point  from  a line  or  plane,  is  a line  drawn  from 
the  point  Perpendicular  to  tlie  line  or  plane  : and  hence 
al!o  the  altitude  of  a figure  is  a Perpendicular  let  fall 
from  the  vertex  to  the  bafe. 

To  Lred:  a Perpendicular  from  a given  point  in  a line. 
•—I.  Wlien  the  given  point  B is  near  the  middle  of  the 
line;  wu'th  any  interval  in  the  compafies  take  the  twn 
equal  parts  BC,  BD  ! and  from  the  two  centres 
C and  D,  wuth  any  radius  greater  than  BC  or  BD, 
ftrike  two  arcs  interfering  in  F;  then  draw'  BFA 
the  Perpendicular  required. 

2.^  AVhen  the  given  point  G is  at  or  near  the  end  of 
the  line^;  with  any  centre  I and  radius  ICr  defcribe  an 
arc  HGK  through  G;  then  a ruler  laid  by  PI  and  I 
will  cut  tlie  arc  in  the  point  K,  through  v/luVh  the 
Perpendicular  GK  mult  be  drawm. 
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PERITROCHIUM,  in  Elechanics,  is  a wEcel  or 
circle,  concentric  with  the  bafe  of  a cylinder,  and 
moveable  together  with  it,  about  an  axis.  The  axis, 
with  the  wEeel,  and  levers  fixed  in  it  to  move  it,  make 

that  mechanical  powder,  called  Axis  in  Peritrochiof 
which  fee. 

PERMUTATIONS  of  Shiantilies,  in  Algebra, 
the  Alternations,  Changes,  or  different  Com- 
binations of  any  number  of  things.  See  thofe 
terms. 

EERPENDICULAR,  in  Geometry,  or  Normal. 
One  line  is  Perpendicular  to  another,  when  the  former 
meets  the  latter  fo  as  to  make  the  angles  on  both  fides 
0/  It  equal  to  each  other.  And  thofe  angles  are  called 
3'ight  angles.  And  hence,  to  be  Perpendicular  to,  or 
!to  make  right-angles  with,  means  one  and  the  fame 
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_ To  let  fall  a Perpendicular  upon  a given  line  LMfrom  a 
gnen  point  N.  \Vith  the  centre  N,  and aconvenient  radi- 
us, defcribe  an  arc  cutting  thegiven  line  inL  andM  ; wdtb 
thefe  two  centres,  and  any  other .CGiiveuient  radius,  ftrike 
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two  other  arcs  mterfetling  in  O,  the  point  through 
which  the  Per^^endicular  NOP  mull  be  drawn. 

AWi?,  that  Perpendiculars  are  bed  drawn,  in,  practice, 
by  means  of  a f(|uare,  laying  one  fide  of  it  along  the 
given  line,  and  the  other  to  pafs  through  the  given 
point. 

Perpendicular,  in  Gunnery,  is  a fmall ind'riiinent 
ufed  for  finding  the  centre  line  of  a piece,  in  the 
operation  of  pointing  it  to  a given  objedl.  See  Point- 
ing  of  Gun. 

Perpetual  Motloru  See  Motion.. 

Circle  cf  Ai.  Occuhai  1071  and  apparitions  See 

Circle. 

Perpetual,  or  Endicfs  Screnv.  See  Screw. 
PERPETUITY,  in  the  Dodlrine  of  Annuities,  is 
the  number  of  years  in  v/hich  the  fimple  intereit  of  any 
principal  fum  will  amount  to  the  fame  as  the  principal 
itfelf.  Or  it  is  the  quotient  arifing  by  dividing  lOO,  or 
any  other  principal,  by  its  interefi;  for  one  year.  Thus, 
the  Perpetuity,  at  the  rate  of  5 per  cent,  intereft,  is 
— 20  at  4 per  cent.  z=z  25  ; 8cc^ 

PERRY  (Captain  John),  was  a celebrated  Englilh 
engineer.  After  acquiring  great  reputation  for  his 
ikiii  in  this  country,  he  refided  many  years  in  Rufiia, 
having  been  recommended  to  the  czar  Peter  while  in 
England,  as  a perfon  capable  of  ferving  him  on  a va- 
riety of  occafions  relating  to  his  new  defign  of  eftablifli- 
ing  a fleet,  making  his  rivers  navigable,  &c.  His  fa- 
lary  in  this  fervice  was  to  be  300I.  per  annum,  befides 
travelling  expences  and  fubfiftence  money  on  wdiatever 
fervice  he  flioiild  be  employed,  with  a farther  reward  to 
his  fatisfaAion  at  the  conciufion  of  any  work  he  fhould 
finifh. 

After  feme  converfation  with  the  czar  himfelf,  parti- 
cularly refpedling  a communication  between  the  rivers 
Volga  and  Hon,  he  was  employed  on  chat  work  for 
three  fummers  fucceflively ; but  not  being  well  fupplied 
with  men,  partly  on  account  of  the  ill  fuccefs  of  Pe- 
ter’s arms  againft  the  Swedes  at  the  battle  of  Narva, 
and  partly  by  the  difeouragement  of  the  governor  of  Af- 
tracan,  he  was  ordered  at  the  end  of  1707  to  Hop,  and 
mext  year  was  employed  in  refitting  the  fhips  at  Vero- 
nife,  and  1709  in  making  the  river  of  that  i.a  ne  navi- 
gable. But  after  repeated  diiappointments,  and  a va- 
riety of  fruitlefs  applications  for  his  faiary,  he  at 
length  quitted  the  kingdomi,  under  the  proteftion 
of  Mr.  Whitworth,  the  Englifh  ambaffador,  in  1712. 
(See  Ills  Narrative  in  the  Preface  to  Tie  State  of 
Ruff  id. ) 

In  1721  he  was  employed  in  flopping  the  breach  at 
Hagenham,  made  in  the  bank  of  the  river  Thames, 
near  the  village  of  that  name  in  Efiex,  and  about  3 
miles  below  Woolwich,  in  which  he  happily  fucceeded, 
after  feveral  other  perfons  had  failed  in  that  undertak- 
ing. He  was  alfc  employed,  the  fame  year,  about  the 
harbour  at  Dublin,  and  publilhed  at  that  time  an  An- 
fwer  to  the  objedlions  made  againll  it. — Befide  this 
piece.  Captain  Perry  was  author  of.  The  State  of  Rif- 
Jia-i  8vo  ; and  yfn  Accoutit  of  the  Stoppmg  of  Da- 
genham Breach^  8vo.- — He  died  February  the 

nth  1733. 

PERSEUS,  a conflellation  of  the  northern  hemi- 
fphere,  being  one  of  the  48  ancient  allerifms. 

The  Greeks  fabled  that  this  is  Perfeus,  wdiom  they 
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make  the  {bn  of  Jupiter  by  Hanae.  The  father  of  that 
lady  had  been  told,  that  he  fhould  be  killed  by  his 
grandchild,  and  having  only  Hanae  to  take  care,  of,  he 
locked  her  up  ; but  Jupiter  found  his  way  to  her  in  a 
fhower  of  gold,  and  Perieus  verified  the  oracle.  He 
cut  off  alfo  the  head  of  the  gurgon,  and  affixed  it  to  his 
fhield  ; and  after  many  other  great  exploits  lie  refeued. 
Andromeda,  the  daughter  of  Caffiopeia,  whom  the  fea 
nymphs,  in  revenge  for, that  lady’s  boaffing  offupevior- 
beauty,  had  faftened  to  a rock  to  be  devoured  by 
monften.  Jupiter  his  father,  in  honour  of  the  exploit^, 
they  fay,  afterwards  took  up  the  hero,  and-- the  whole 
family  with  him,  into  the  fkies. 

The  number  of  ftars  in  this  conflellation,  in  Ptolo® 
my’s  catalogue,  are  29  ; in  Tycho’s  2.9,  in  Plevelius’a 
46,  and  in  Ike  Britannic  catalogue  59* 

PERSliAN  Wheel,  in  Mechanics,  a machine  for 
raifing  a quantity  of  water,  to  ierve  for  various  pur- 
pofes.  Such  a wheel  is  reprefented  ill  plate  xx^  fig.  i; 
with  which  water  may  be  raffed  by  means,  of  a flream 
AB  turning  a wheel  CHE,  according  to  the  order  o£ 
the  letters,  with  buckets  a,  a,  a,  a,  &c,  hung  upon. 


the  wheel  by  flrong  pins  h,  h,  b,  b,  Sic,  fixed  In  the  fide 
of  the  rim  ; which  mull  be  made  as  high  as.  the  wmte?- 
isdntended  to  be  raffed  above  the  level  of  that  part  of 
the  flream  in  which  the  wheel  is  placed.  As  the  wheel., 
turns,  the  buckets  on  the  right  hand  go  down,  into  the 
water,  where  they  are  filled,  and  return  up  full  on  the 
left  hand,  till  they  come  to  the  top  at  K ; where  they 
flrike  againfl  the  end  n of  the  fixed  trough  M,  by 
which  they  are  overfet,  and  fo  empty  the  water  into 
the  trough  ; from  whence  it  is  to  be  conveyed  in  pipes 
to  any  place  it  is  intended  for  : and  as  each  bucket  gets 
over  the  trough,  it  fails  into  a perj  endiciilar  pofition 
again,  and  fo  goes  downi  empty  till  it  comes  to  the  water 
at  A,  where  it  is  filled  as  before..  On  each  bucket  is  a 
fpring  r,  which  going  over  the  top  or  crown  of  the  bam 
m (fixed  to  the  trough  M)  raifes  the  bottom  of  tins 
bucket  above  the  level  of  its  mouth,  and  fo  caufes  it  to 
empty  all  its  water  into  the  trough. 

Sometimes  this  wheel  is  made  to  raife  water  no  higher 
than  its  axis  ; and  then  inffcad  of  buckets  hung  upon  it,, 
its  fpokes  C,  d,  e,  f g,  h,  are  made  of  a bent  form, 
and  hollow  within  ; thefe  hollows  opening  into  the 
holes  C,  H,  E,  F,  in  the  outfide  of  the  wheel,  and 
alfo  into  thofe  at  O in  the  box  N upon  the  axis.  So 
that,  as  the  holes  C,  H,  &c,  dip  into  the  water,  it 
runs  into  them;  and  as  the  wheel  turns,  the  v;ater  rifes 
in  the  hollow  fpokes,  r,  d,  &c,  and  runs  out  in  a 
flream  P from  the  holes  at  O,  and  falls  into  the  trough 
Qi-.  from  wdrence  it  is  conveyed  by  pipes. 

Persian,  orPERS.ic,  in  A rchiteAure,  a name  com- 
mon to  all  flatues  of  men  ; ferving  inftead  of  columns 
to  fupport  entablatures. 

Persian  A'/v/  and  Tea7\  See  Epoch  and  Year. 
PERSPECTIVE,  the  art  of  delineating  vifible  ob- 
jedls  on  a plane  Jurface,  fuch  as  they  appear  at  a given 
diffance,  or  height,  upon  a tranfparent  plane,  placed 
commonly  perpendicular  to  the  horizon,  between  the 
eye  and  the  objedl.  This  is  particularly  called 

Linear  Perspective,  as  regarding  thepofition,  mag- 
nitude, form,  &c,  of  the  feveral  lines,  or  contours  of 
objefts,  and  expreffing  their  diiuiniition. 

Some  make  this  a branch  of  Optics ; others  an  art 
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and  fcience  derived  from  it ; its  operations  hovi’Cver  are 
all  geometrical. 

h'lflory  of  Perspective.  This  art  derives  its  ori- 
gin from  painting,  and  particularly  from  that  branch  of 
it  which  was  employed  in  the  decorations  of  the  theatre, 
where  landfcapes  were  chiefly  introduced.  Vitruvius, 
in  the  proem  to  his  7th  book,  fays  that  Agatliarchus, 
at  Athens,  was  the  flrll  author  who  wrote  upon  this  fub- 
je£l,  on  occafion  of  a play  exhibited  by  Atfchylus,  for 
which  he  prepared  a tragic  fcene  ; and  that  afterwards 
theprinciples  ot  the  art  were  more  diftindlly  taught  in  tlie 
writings  of  Democritus  and  Anaxagoras,  the  difci- 
ples  of  Agatliarchus,  which  are  not  now  extant. 

The  Perfpefrive  of  Euclid  and  of  Heliodorus  LarifTeus 
contains  only  fome  general  elements  of  optics,  that  are 
by  no  means  adapted  to  any  particular  praCdice  ; though 
they  furnifli  fome  materials  that  might  be  of  fervice  even 
in  the  linear  Perfpeflive  of  painters. 

Gerainus,  of  Rhodes,  a celebrated  mathematician, 
in  Cicero’s  time,  alfo  wrote  upon  this  fcience. 

It  is  alio  evident  that  the  Roman  artills  were  ac- 
quainted with  the  rules  of  Perfpective,  from  the  ac- 
count which  Pliny  (Nat.  Hill.  lib.  35,  cap.  4)  gives 
of  the  reprefentation  on  the  fcene  of  thofe  plays  given 
by  Claudius  Pulcher  ; by  the  appearance  of  which  the 
crows  were  fo  deceived,  that  they  endeavoured  to  fet- 
tle on  the  ficfitious  roofs.  However,  of  the  theory  of 
this  Art  among  the  Ancients  we  know  nothing;  as 
none  of  their  writings  have  efcaped  the  general  wreck 
of  ancient  literature  in  the  dark  ages  of  Europe. 
Doubtleis  this  art  mufl:  have  been  loft,  when  painting 
and  fciilpture  no  longer  cxifted.  However,  there  is 
reafoii  to  believe  that  it  was  praDifed  much  later  in  the 
Eaitern  empire. 

John  Tzetzes,  in  the  12th  century,  fpeaks  of  it  as 
well  acquainted  with  its  importance  in  painting  and 
ftatuary.  And  the  Greek  painters,  who  were  employed 
by  the  Venetians  and  Florentines,  in  the  T3th  centuiy, 
>t  feeins  brought  fome  optical  knowledge  along  with 
them  into  Italy  : for  the  difciples  of  Giotto  are  com- 
mended for  obferviiig  Perfpeffivc  more  regularly  than 
any  of  their  predeceffors  in  the  art  had  done  ; and  he 
lived  in  the  beginning  of  the  lutli  century. 

The  Arabians  were  not  ignorant  of  this  art  ; as  may 
be  prefumed  from  the  optical  writings  of  Alhazen, 
about  the  year  iioo.  And  Vitelhis,  a Pole,  about 
the  year  1270,  wrote  largely  and  learnedly  011  optics. 
And,  of  our  own  nation,  friar  Bacon,  as  well  as  John 
Peckh  am,  archbifnop  of  Canterbury,  treated  this  fub- 
je6f  with  furprifing  accuracy,  confideiing  the  times  in 
which  they  lived. 

The  firft  authors  who  profefledly  laid  down  rules  of 
Perfpe  Ctive,  W’cre  Bartolomeo  Bramantino,  of  Milan, 
wEoie  book,  Regole  di  Perfpedllva,  e Mifure  delle 
Antichita  di  Eombardia,  is  dated  1440  ; and  Pietro 
del  Borgo,  llkewife  an  Italian,  who  was  the  moft  an- 
cient author  met  with  by  Ignatius  Danti,  and  wlio  it  is 
fuppofed  died  in  i443.  This  laft  writer  fuppofed  ub- 
jefts  placed  beyond  a tranfparent  tablet,  and  fo  to 
trace  the  images,  which  rays  of  light,  emitted  from 
them,  would  make  upon  it.  And  Albert  Durer  con- 
ftrudfed  a machine  upon  the  principles  of  Borgo,  by 
which  he  could  trace  the  Perfpedlive  appearance  of  ob- 
jedls. 


Leon  Battifta  Alberti,  in  1450,  wrote  his  treatife 
De  Piefura,  in  which  he  treats  chiefly  of  Perfpec- 
tive. 

Balthazar  Pernzzi,  of  Siena,  who  died  in  ■’^536,  liad 
diligently  ftiidied  the  writings  of  Borgo  ; and  his  me- 
thod of  Perlpcdfive  was  publiflied  by  Serllo  in  1540. 
To  him  it  is  laid  we  owe  the  difeovery  of  points  of  dif- 
tance,  to  which  are  drawn  aU  lines  that  make  an  angle 
of  45*^  with  the  ground  line. 

Guido  ETaldi,  another  Italian,  foou  after  difeovered. 
that  all  lines  that  are  parallel  to  one  another,  if  tliey  bc' 
inclined  to  the  ground  line,  converge  to  iome  point  in 
the  horizontal  line  ; and  that  through  this  point  alio 
will  pafs  a line  drawn  from  the  eye  parallel  to  them. 
PIls  Perfpeeftive  was  printed  at  Piiaro  in  1600,  and 
contained  the  flrll  principles  of  the  method  afterwards 
difeovered  by  Dr.  Brook  Taylor. 

In  1383  was  publifhed  the  work  of  Giacomo  Baroz- 
zi,  of  Vignola,  commonly  called  Vignola,  intitled  The 
two  Rules  of  Perfpcclive,  with  a learned  commentary 
by  Ignatius  Danti.  In  1615  Marolois’  work  was 
printed  at  the  Plague,  and  engraved  and  publilhed  by 
Hondius.  And  in  1623,  Sirigattl  publifned  his  trea- 
tife  ol  Peifpetlive,  which  is  little  more  than  an  abftradt 
of  Vignola’s. 

Since  that  time  the  art  of  Perfpe6live  has  been  gra- 
dually improved  by  fnbfequeiit  geometricians,  particu- 
larly by  profeflbr  Gravefande,  and  Hill  more  by  Dr. 
Brook  Taylor,  whofe  principles  are  in  a great  meafure 
new,  and  far  more  general  than  thofe  of  any  of  hispre- 
decellors.  He  did  not  confine  his  rules,  as  they  had 
done,  to  the  horizontal  plane  only,  but  made  them  ge- 
neral, fo  as  to  affedl  every  fpecles  of  lines  and  planes, 
whether  they  were  parallel  to  the  horizon  or  not  ; and 
thus  his  principles  were  made  univerfal.  Belides,  from 
the  flmplicity  of  his  rules,  the  tedious  progrefs  of 
drawing  out  plans  and  elevations  for  any  objedl,  Is  ren- 
dered ufelefs,  and  therefore  avoided;  for  by  this  me- 
thod, not  only  the  feweft  lines  imaginable  are  required 
to  produce  any  Perfpcdllve  reprefentation,  but  every 
figure  thus  drawn  will  bear  the  niceft  mathematical  ex- 
amination. Farther,  his  fyftem  is  the  only  one  calcu- 
lated for  anfwering  every  purpofe  of  thofe  who  are 
practitioners  in  the  art  of  defign  ; for  by  it  they  may 
produce  either  the  whole,  or  only  fo  much  of  an  objeCf 
as  is  wanted  ; and  by  fixing  it  In  its  proper  place,  its 
apparent  magnitude  may  be  determined  in  an  Iriftant. 
It  explains  alfo  the  Perfpeclive  of  ftiadows,  the  reflec- 
tion ol  objefts  from  polifhed  planes,  and  the  inverfe 
practice  of  Peifpeftive. 

His  I^Inear  PerfpeCtlve  was  firft  publifhed  in  1715  ; 
and  his  New  Principles  of  Linear  PerfpeCtive  in  1719, 
which  he  intended  as  an  explanation  of  his  firft  treatife. 
And  his  method  he.s  been  chiefly  followed  by  all  others 
fince. 

In  1738  Mr.  Hamilton  publilhed  his  Stereography, 
in  2 vols  folio,  after  the  manner  of  Dr.  Taylor.  But 
the  neateft  fyftem  of  PerfpeCtlve,  both  as  to  theory 
and  praClice,  on  the  fame  principles,  is  that  of  Mr. 
Kirby.  There  are  alio  good  treatifes  on  the  fubjeCl, 
by  Defargues,  de  Bofle,  Albertus,  Lamy,  NIceron, 
Pozzo  the  Jefuit,  Ware,  Cowley,  Prieftley,  Fergufon, 
Emerfon,  Malton,  Henry  Clarke,  &c,  &c. 

Of  the  Principles  ^/Perspective.  To  give  an  idea 

of 
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tlie  fit  il.  prliiciplefi  and  nature  of  art  5 fuppofe  a 
tranfparent  plane,  as  of  glafs  (See,  HI  raifed  perpendi- 
cularly on  a horizontal  plane  ; and  the  fpe6tator  S di- 
recting hjs  eye  O to  the  triangic  ABC  ; if  now  we  con- 
ceive the  rays  AO,  BO,  CO,  in  their  pafiage 
through  the  phine,  to  leave  their  traces  or  vediges  in 
b,  Cy  g:c,  on  the  plane  ; there  will  appear  the  trian- 
gle abc  ; which,  as  it  flrikes  the  eye  by  the  fame  rays 
<rrO,  ^O,  cOy  by  which  the  rehe6led  particles  of  light 
from  the  triangle  are  traiifmitted  to  the  fame,  it  will 
exhibit  the  true  appearance  of  the  triangle  ABC, 
though  the  objehl  fliould  be  removed,  the  iame  difiance 
and  height  of  the  eye  being  preferved. 

The  buiiiiefs  of  Perfpeblive  then,  is  to  fhew  by 
what  certain  rules  the  points  a,  by  r,  See,  may  be 
found  geometrically  : and  hence  alfo  we  have  a me- 
chanical method  of  delineating  any  objeCt  very  ac- 
curately. 


Hence  it  appears  that  abc  is  the  fedlion  of  the  plane 
of  the  pidlure  with  the  rays,  which  proceed  from  the 
original  objedl  to  the  eye:  and  therefore,  when  this  is 
parallel  to  the  piclure,  its  reprefentation  will  be  both 
parallel  to  the  original,  and  fimilar  to  it,  though  fmaller 
in  proportion  as  the  original  objedl  is  farther  from  the 
p’dlure.  When  the  original  objedt  is  brought  to  coin- 
cide with  the  pidlure,  the  reprefentation  is  equal  to  the 
original  ; but  as  the  objedt  is  removed  farther  and  far- 
ther from  the  pidlure,  its  image  will  become  fmaller  and 
fmaller,  and  alfo  rife  higher  and  higher  in  thepidfure, 
till  atlafl,  when  the  objedf  is  fuppoiedto  be  at  an  infi- 
nite diilance,  its  image  will  vanifh  in  an  imaginary 
point,  exadlly  as  high  above  the  bottom  of  the  pidfure 
as  the  eye  is  above  the  ground  plane,  upon  which  the 
fpedfator,  the  pidfure,  and  the  original  objedf  are  fup- 
pofed  to  Hand. 

This  may  be  familiarly  illiiftrated  in  the  following 
manner  ; Suppofe  a perfon  at  a window  looks  through 
an  upright  pane  of  glafs  at  any  objedf  beyond;  and, 
keeping  his  head  Heady,  draws  the  figure  of  the  objedf 
upon  the  glafs,  with  a black-lead  pencil,  as  if  the  point  of 
the  pencil  touched  the  objedf  itfeif ; he  would  then  have 
a true  reprefentation  of  the  objedf.  in  Perfpedfive,  as  it 
appears  to  his  eye.  For  properly'  drawing  upon  the 
glafs,  it  is  neceflary  to  lay  it  over  with  Hrong  gum  wa- 
ter, which  will  be  fit  for  drawing  upon  when  dry,  and 
will  then  retain  the  traces  of  the  pencil.  The  perfon 
fhould  alfo  look  through  a fmall  hole  in  a thin  plate  of 
metal,  fixed  about  a foot  from  the  glafs,  between  it 
and  his  eye  ; keeping  his  eye  clofe  to  the  holcj  other- 
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wife  he  might  Hiift  tiie  polltiou  of  his  lieatl,  anl  ft) 

make  a falfe  delineation  of  the  objedf. 

Having  traced  out  the  figure  of  the  objedf,  he  may 
go  over  it  again,  with  pen  and  ink  ; and  when  that  is 
dry,  cover  it  with  a fheet  of  paper,  tracing  the  image 
upon  this  with  a pencil  ; then  taking  away  the  paper, 
and  laying  it  upon  a table,  he  may  finiili  the  pidfure, 
by  giving  it  the  colours,  lights,  and  fiiadcs,  as  he  fees 
them  in  the  objedf  itfeif;  and  thus  he  u'ill  have  a true 
reiemblance  of  the  objedf  on  the  paper. 

Oy" certain  Dejiniiions  in  Perspective. 

The  point  of  fight  y in  Perfpedfive,  is  the  point  E, 
where  the  fpe<Bator’s  eye  fhouid  be  placed  to  view  the 


pidfure.  Ps.Vid\d\t  point  of  fghty  in  the  pidlure,  called 
alfo  the  centre  of  the  piBnrcy  is  the  point  C diredfly  op- 
pofite  to  the  eye,  where  a perpendicular  from  the  eye 
at  E meets  the  pidfure.  Alfo  this  perpendicular  EC 
is  the  difance  of  the  piblurs  i and  if  this  diilance  be  tranf- 
ferred  to  the  horizontal  line  on  each  fide  of  the  point 
C,  as  is  fometimes  done,  the  extremes  are  called  the 
points  of  diftance. 

The  original  plane,  or  geometrical  plane,  is  the  plane 
KT  upon  which  the  real  or  original  objedf  ABGD  is 
fituated.  , The  line  Ol,  where  the  ground  plane  cuts 
the  bottom  of  the  pidfure,  is  called  the  fedkon  of  the 
original  plane,  the  ground-line,  the  line  of  the  hafe,  or 
the  i fundamental  line. 

If  an  original  line  AB  be  continued,  fo  as  to  interfedl 
the  pidfure,  the  point  of  interfedlion  R is  called  the  in- 
terfedfion  of  that  original  line,  or  its  InterfeB'ing  point. 
The  hori%cntd  plane  is  the  plane  abgd,  which  paffes 
through  the  i vc,  parallel  to  tlie  horizon,  and  cuts  the 
Perfpedfive  plane  or  pidfure  at  right  angles  ; and  the 
hori%onfal  line  bg  is  the  common  interfedlion  of  the  ho- 
rizontal pla.ne  with  tlie  pidfure. 

TfiO  vertical  plane  is  that  which  paffes  through  the 
eye  at  right  angles  both  to  the  ground  plane  and  to  the 
pidfure,  as  ECSN.  And  the  vertical  line  is  the  com- 
mon fedfion  of  the  vertical  plane  and  the  pidfure, 
as  CN. 

The  line  of  fation  SN  is  the  common  fedfion  of  the 
vertical  plane  with  the  ground  plane,  and  perpendicu- 
lar to  the  ground  line  01. 
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The  line  of  the  height  of  the  eye  is  a perpendicular,  as 
ES,  let  fall  from  the  eye  upon  the  ground  plane. 

The  van'fhing  line  of  the  original  plane,  is  that  line 
where  a plane  palTing  throiigli  the  eye,  parallel  to  the 
original  plane,  cuts  the  pidlu;  e : thus  hg  is  the  vanifa- 
ang  line  of  ABGD,  being  the  greateil  height  to  which 
the  image  can  rife,  when  the  original  objedt  is  infinitely 
diflant. 

The  vanifhing  point  of  the  original  line,  is  that  point 
where  a line  drawn  from  the  eye,  parallel  to  that  ori- 
ginal line,  interfeds  the  picture:  thus  C and g are  the 
vanifhing  points  of  the  lines  AB  and  hi.  All  lines  pa- 
rallel to  each  other  have  the  fame  vanilhing  point. 

If  from  the  point  of  light  a line  be  drawn  perpendi- 
cular to  any  vanidiing  line,  the  point  where  that  line 
interfedts  the  vanifliing  line,  is  called  the  centre  of  that 
vanifhing  line  : and  the  dijtance  of  a vanifhing  line  is  the 
length  of  the  line  which  is  drawn  from  the  eye,  perpen- 
dicular to  the  laid  line. 

Meafuring  points  are  points  from  which  any  lines  in 
the  Perfpedlive  plane  are  meafured,  by  laying  a ruler 
from  them  to  the  divifions  laid  down  upon  the  ground 
line.  The  meafuring  point  of  all  lines  parallel  to  the 
ground  line,  is  either  of  the  points  of  diftance  on  the 
horizontal  line,  or  point  of  fight.  The  meafuring 
point  of  any  line  perpendicular  to  the  ground  line,  is  in 
the  point  of  diftance  on  the  horizontal  line  ; and  the 
meafuring  point  of  a line  oblique  to  the  ground  line  is 
found  by  extending  the  compafl'es  from  the  vanifhing 
point  of  that  line  to  the  point  of  diftance  on  the  per- 
pendicular, and  fetting  off  on  the  horizontal  line. 

Some  general  Maxims  or  'theorems  in  Perspectiye* 


The  reprefentation  etb^  of  a line  AB,  is  part  of  a 
line  SC,  which  paffes  through  the  interfeding  point  S 
and  the  vanifhing  point  C,  of  the  original  line  AB.  ’ 
2.  If  the  original  plane  be  parallel  to  the  pidure,  it 
can  have  no  vanifhing  line  upon  it;  confequently  the 
reprefentation  will  be  parallel.  When  the  original  is 
perpendicular  to  the  ground  line,  as  AB,  then  its  va- 
nifhiiig  point  is  in  C,  the  centre  of  the  pidlure,  or  point 
of  fight ; becaufe  EC  is  perpendicular  to  the  picture, 
and  therefore  parallel  to  A B. 

^ 3.  The  image  of  a line  bears  a certain  proportion  to 
Its  original.  And  the  image  may  be  determined  by 
transferring  the  length  or  diftance  of  the  given  line  to 
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the  interfe£ting  line ; and  the  diftance  of  the  vanifhing 
point  to  the  horizontal  line  ; i.  e.  by  bringing  both  in- 
to the  plane  of  the  picture. 

Prob,  To  find  the  reprefentation  of  an  OhjeBive  point 
— Draw  A I and  Ac  at  pleafurc,  interfedting  the  bot- 
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tom  of  the  pidliire  in  i and  2 ; and  from  the  eye  E 
draw  EH  parallel  to  Ai,  and  EL  parallel  to  Ki-, 
then  draw  Hi  and  L2,  which  will  interfed  each  other 
in  a,  the  reprefentation  of  the  point  A. 

Otherwise,  Let  H be  the  given  objedive  point* 


From  which  draw  HI  perpendicular  to  the  fundamen- 
taUine  DE.  From  the  fundamental  line  DE  cut  off 
• through  the  point  of  light  F draw  a hori- 
zontal line  FP,  and  make  IP  equal  to  the  diftance  of 
the  eye  SK  : laftly,  join  FI  and  PK,  and  their  inter- 
fedion  h will  be  the  appearance  of  the  given  objedivc 
point  H,  as  required. 

And  thus,  by  finding  the  reprefentations  of  the  two 
points,  which  are  the  extremes  of  a line,  and  conned- 
ing  them  togcTlie:*,  there  will  be  formed  the  reprefen- 
tation of  the  line  itfelf.  In  like  manner,  the  reprefenta- 
tions of  all  the  lines  or  fides  of  any  figure  or  folid,  de- 
termine thofe  of  the  fohd  itfelf ; which  therefore  are 
thus  put  intoPerfpedive. 

.Aerial  Perspective,  is  the  art  of  giving  a due  di- 
minution or  gradation  to  the  llrength  of  light,  ftiade, 
and  colours  of  objeds,  according  to  their  different  dif- 
tances,  the  quantity  of  light  which  falls  upon  them, 
and  the  medium  through  which  they  are  feen. 

Perspecth  e Machine,  is  a machine  for  readily  and 
ealily  making  the  Perfpedive  drawing  and  appearance 
of  any  objed,  with  little  or  no  ficill  m the  art.  There 
have  been  invented  various  machines  of  tliis  kind.  One 
of  which  may  even  be  feen  in  the  works  of  Albert 
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Dnrer.  A very  convenient  one  was  invented  by  Dr. 
Bevis,  and  is  defcrlbcd  by  Mr.  Fergui'on,  in  Ms  Per- 
fpedive,  pa.  113.  And  another  is  deienbed  m Kir- 
by’s Perfpedive,  pa.  63.  ^ 

Perspective  Plon,  or  Plane^  is  a gluis  01  othei 
tranfparent  furface  fnppofed  to  be  placed  between  the 
eye  and  the  objea,  and  ufually  perpendicular  to  the  ho- 

Scenographic  Perspective,  bee  Scenogr  APtn  . 
Perspective^  Shcidows*  See  Shadow. 

Specular  Perspective,  is  that  which  leprelents  the 
objeas  in  cylindrical,  conical,  ipherical,  or  other  rairrorF. 
PERTiCA,  a ibrt  of  comet,  being  the  fame  with 
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PETARD,  a military  engine,  fomewhat  reiembimg 

in  ihape  a high-crowned  hat  ; ferving  formerly  to  break 

down  gates,  barricades,  draw-bridges,  or  the  like  works 

intended  to  be  furprifed.  It  is  about  B or  9 indies 

wide,  and  weighs' from  55  to  70  pounds.  Its  ufe  was 

chiefly  in  a clandeftine  or  private  attack,  to  breakdown 

th€  crates  &c.  It  has  alfo  been  ufed  in  countermines, 

to  break  through  the  enemies  galleries,  and  give_  vent 

to  their  mines  : but  the  ufe  of  Petards  is  now  difcon- 

I-Jnued.- Their  invention  is  aferibed  to  the  French 

Hugonots  in  the  year  1579.  Their  mofl  flgnai  exploit 

was  the  taking  the  city  Cahors  by  means  of  them,  as 

we  are  told  by  d’ Aubigne.  ^ ^ 

PETIT  (Peter),  a confiderable  mathematician 
and  philofopher  of  Trance,  was  born  at  Montlu^on 
in  the  diocefe  of  Bourges,  in  the  year  1589  ac- 
cording to  feme,  but  in  1600  according  to  others. 

He  ^firft  cultivated  the  mathematics  and  philo- 
Ibphy  in  the  place  of  his  nativity ; but  in  1633 
paired  to  Pans,  to  which  place  his  leputation  had  pio- 
cured  him  an  invitation.  Here  he  became  highly  cele- 
brated for  his  ingenious  writings,  and  for  his  connec- 
tions with  Pafeal,  Des  Cartes,  Merfenne,  and  the 
other  great  men  of  that  time.  He  was  employed  on 
leveral  occafions  by  cardinal  Richelieu  ^ he  was  eom- 
miffioned  by  this  minifter  to  vifit  the  fea-ports,  with 
the  title  of  the  king’s  engineer  ; and  was  alfo  fent  into 
Italy  upon  the  king’s  bufinefs.  He  was  at  Tours  in 
1640,  where  he  married  y and  was  afterwards  made  in- 
tendant  of  the  foitihcations.  Baillct,  in  his  Eife  of 
Dcs  Cartes,  fays,  that  Petit  had  a great  genius  for 
mathematics  ; that  he  excelled  particularly  in  aflrono- 
my  ; and  had  a Angular  paffion  for  experimental  philo- 
fophy.  About  1637  he  returned  to  Paris  from  Italy, 
VvEen  the  Dioptrics  of  Des  Cartes  were  much  fpoken 
of.  He  read  Ihcra,  and  comraiinicated  his  objections 
to  Merfenne,  with  w'hom  he  was  intimately  acquaint- 
ed. And  yet  be  foon  after  embraced  the  principles  of 
Des  Cartes,  becoming  not  only  his  friend,  but  his  par- 
tifan  and  defender  alfo.  He  was  intimately  conneCted 
with  Pafeal,  with  whom  he.  made  at  Rouen  the  fame 
experiments  concerning  the  vacuum,  which  Torricelli 
had  before  made  in  Italy  ; and  was  afluved  of  their 
truth  by  frequent  repetitions.  This  was  in  1646  and 
1647  ; and  though  there  appears  to  be  a long  Interval 
from  this  date  to  the  time  of  his  death,  we  meet  with 
no  other  memoirs  of  his  life.  Fie  died  Aiigiifl:  the 
20th  1667  at  Lagny,  near  Paris,  whither  he  had  re- 
tired for  fome  time  before  his  deceafe. 

Petit  was  the  author  of  feveral  works  upon  phy- 


fical  and  atronomical  fiibjeas ; the  principal  of  which 
are, 

1.  Chronological  Difeourfe,  &c , 1636,  4to.  In 
defence  of  Scaliger. 

2.  Treatife  on  the  Proportional  Compafles. 

3.  On  the  Weight  and  Magnitude  of  Metak. 

4.  Conflruaion  and  Ufe  of  the  Artillery  Calipers. 

5.  On  a Vacuum. 

6.  On  Eclipies. 

7.  On  Remedies  againfl  the  Inundations  of  the 
Seine  at  Paris. 

8.  On  the  Jnnaion  of  the  Ocean  with  tlie  Mediter- 
ranean fea,  by  means  of  the  rivers  Aude  and  Ga- 
ronne. 

9.  On  Comets. 

10.  On  the  proper  Day  for  celebrating  Eafter. 

11.  On  the  Nature  of  Heat  and  Cold,  See. 

PETTY  (Sir  William),  a Angular  Inflance  of  a 

univerfal  genius,  was  the  elder  fon  of  A.nthony  Petty, 
a clothier  at  Rumley  In  Harapfhire,  where  he  was  born 
May  the  i6th,  1623.  While  a boy  he  took  great  de- 
light in  fpending  his  time  among  the  artificers  there,^ 
whofe  trades  he  could  work  at  when  but  12  years  tF 
ac'-e.  He  then  went  to  the  gramrnar-fehool  in  that 
pYace,  where  at  13  he  became  mafter  of  the  Latin, 
Greek,  and  French  languages,  with  arithmetic  and 
thofe  parts  of  pradlical  geometry  and  aflronomy^  ufeful 
in  navigation.  Soon  after,  he  went  to  the  iiniverfity 
of  Caen  in  Normandy  ; and  after  fome  flay  there  he 
• returned  to  England,  where  he  was  preferred  in  the 
king’s  navy.  In  1643,  when  the  civil  war  grevv  hot, 
and  the  times  troublefome,  he  went  into  the  Nether- 
lands and  France  for  three  y' ears ; and  having  vigo*- 
roufly  profeciited  his  ftudies,  efpecially^  in  phyfic,  at 
Utrecht,  Leyden,  Amfterdam,  and  Paris,  he  returned 
home  to  Rumfey.  In  1647  he  obtained  a patent  to 
teach  the  art  of  double  writing  for  17  years.  In  1648 
he  publiflied  at  London,  “ Advice  to  Mr.  Samuel 
Haitlib,  for  the  advancement  of  fome  particular  parts  of 
learning.”  At  this  time  he  adhered  to  the  prevailing 
party  of  the  nation  ; and  went  to  Oxford,  where  he 
taught  anatomy  and  chemiftry,  and  was  created  a doc- 
tor of  phyfic,  and  grew  into  Inch  repute  that  the  philo- 
fophlcal  meetings,  which  preceded  and  laid  the  founda- 
tion of  the  Royal  Society,  were  Aril  held  at  his  houfe. 

In  1650  he  was  made  profefibr  of  anatomy  there  ; and 
foon  after  a member  of  the  college  of  phyficians  in  Lon- 
don, as  alfo  piofeffor  of  miifie  at  Grefliam  college 
London.  In  1652  he  was  appointed  phyfician  to  the 
army  in  Ireland  ; as  alfo  to  three  lord  lieutenants  fuccef- 
fively,  Lambert,  Fleetwood,  and  Henry  Cromwell.  In 
Ireland  he  acquired  a great  fortune,  but  not  without 
fufpiclons  and  charges  of  unfair  pradices  in  his  offices* 
Alter  the  rebellion  was  over  in  Ireland,  he  was  ap- 
pointed one  of  the  commiffioners  for  dividing  the  for- 
feited lands  to  the  army  who  fiipprefi'ed  it.  When 
Henry  Cromwell  became  lieutenant  of  that  kingdom,  in 
1651;,  he  appointed  Dr.  Fetty  his  fecretary,  and  clerk- 
of  the  council : he  likewife  procured  him  to  be  eleded 
a burgefs  for  WelUoo  in  Cornvvall,  in  Richard  Crom- 
well’s parllarr.ent,  which  met  in  January  1658.  But, 
in  March  following,  Sir  Hierom  Sankey,  membei'  for 
Woodllock  in  Oxfoidfliire,  impeached  him  of  high' 
crimes  and  mildemeanors  in  the  execution  of  his  office. 

This  - 
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Tills  gave  tKedo£l;or  a great  deal  of  trouble,  as  he  was 
fummoned  before  the  Houfe  of  Commons  ; and  not- 
wathftanding  the  ftrenuous  endeavours  of  his  friends, 
in  their  recommendations  of  him  to  fecretaiy  Thurloe, 
and  the  defence  he  made  before  the  houfe,  his  enemies 
procured  his  difmiffion  from  his  public  employments,  in 
1659.  He  then  retired  to  Ireland,  till  the  reftoration 
of  kingCharles  the  Second  ; foon  after  which  he  came 
into  England,  where  he  was  very  gracionOy  received  by 
the  king,  refigned  his  profeflbrlhip  at  Grefham  college, 
and  was  appointed  one  of  the  commiflioners  of  tlie 
Court  of  Claims.  Likewife,  April  the  iith,  1661, 
he  received  the  honour  of  knighthood,  and  the  grant 
of  a new  patent,  conftituting  him  furveyor-^eneral  of 
Ireland,  and  was  chofen  a member  of  parliament 
there. 

Upon  the  incorporating  of  the  Royal  Society,  he 
was  one  of  the  iirfe  members,  and  of  its  full  council. 
And  though  be  liad  left  off  the  praftice  of  phyfic,  his 
name  was  continued  as  an  honorary  member  of  the  col- 
lege of  phyficians  in  1663. 

About  this  time  he  invented  his  double  bottomed 
fnip,  to  fail  agalnft  wind  and  tide,  and  afterwards  pre- 
fented  a model  of  this  fhip  to  the  Royal  Society;  to 
whom  alfo,  in  1665,  he  communicated  “A  Difeourfe 
about  the  Building  of  Ships,”  containing  fome  curious 
fecrets  in  that  art.  But,  upon  trial,  finding  his  fliip 
failed  in  fome  refpedls,  lie  at  length  gave  up  that  pro- 
ject. 

In  1666  Sir  William  drew  up  a treatife,  called  Ver- 
hum  Sapienti^  containing  an  account  of  the  wealth  and 
expences  of  England,  and  the  method  of  raifing  taxes 
in  the  moil  equal  manner. — The  fame  year,  1666,  he 
fuffered  a confiderable  lofs  by  the  fire  of  London. — 
The  : rear  following  he  married  Elizabeth,  daughter  of 
Sir  Hardrefie  Waller ; and  afterwards  fet  up  iron 
works  and  pilchard  fifhlng,  opened  lead  mines  and  a 
timber  trade  in  Kerry,  which  turned  to  very  good  ac- 
count. But  all  thefe  concerns  did  not  hinder  him  from 
the  piirfuit  of  both  political  and  philofophical  fpecula- 
tiens,  which  he  thought  of  public  utility,  publilhing 
them  either  fepaiately  or  by  communication  to  the 
Royal  Society,  particularly  on  finances,  taxes,  political 
arithmetic,  land  carriage,  guns,  pumps,  &c. 

Lyon  the  firfi:  meeting  of  the  Philofophical  Society 
at  Dublin,  upon  the  plan  of  that  at  London,  every 
thing  was  fubmitted  to  his  diredlion  ; and  when  it  was 
formed  into  a regular  fociety,  he  was  chofen  prefident  in 
Nov.  1684,  Upon  this  occafion  he  drew  up  a “ Cata- 
logue of  mean,  vulgar,  cheap,  and  fimple  Experiments,”, 
proper  for  the  infant  date  of  the  fociety,  and  prefented 
it  to  them  ; as  he  did  alfo  his  Supellex  Philofophica^  con- 
fiding of  45  indruments  requifite  to  carry  on  the  de- 
fign  of  their  inftitution.  In  1683  he  made  his  will ; in 
which  he  declares,  that  being  then  about  60,  his  viev/s 
were  fixed  upon  improving  his  lands  in  Ireland,  and  to 
promote  the  trade  of  iron,  lead,  marble,  fifli,  and 
timber,  which  his  edate  was  capable  of.  And  as  for 
dudies  and  experiments,  “ I think  now,  fays  he, 
to  confine  the  fame  to  the  anatomy  of  the  people, 
and  political  arithmetic  ; as  alfo  the  improvement 
of  diips,  land-carriages,  guns,  and  pumps,  as  6f 
mod  life  to  mankind,  not  blaming  the  dudy  of  otlier 
men.”  But  a fev/  years  after,  all  his  purfuits  were 
VoL.  ID  ■ 


determined  by  the  effeas  of  a gangrene  in  his  foot,  oc- 
cafioned  by  the  fwelling  of  the  gout,  which  put  a pc^ 
nod  to  his  life,  at  his  houfe  in  Piccadilly,  Wedmin- 
dei,  Dec.  16,  1687,  the  6yth  yes.r  of  his  age.  His 
corpfe  was  carried  to  Rumfey,  and  there  interred,  near 
thofe  of  his  parents. 

Sir  Vvh'lliam  Petty  died  poffeiTed  of'a  very  large  for« 
tune,  as  appears  by  his  will ; where  he  makes  Ids  real 
edate  about  6,500].  per  annum,  his  pcrfonal  edate  about 
415,000!.  his  bad  and  defperate  debts  30,000].  and  the 
dcmondrable  improvements  of  his  Iridi  edate,  40G0L 
per  annum  ; in  all,  at  6 per  cent,  intered,  i5,oooU 
per  annum.  This  edate  came  to  hie  familv,  which  con' 
lided  of  his  widow  and  three  children,  Charles,  Henry^ 
and  Aane  : of  whom  Charles  was  created  baron  of 
Shelbourne,  in  the  county  of  Waterford  in  Ireland,  by 
king  William  the  Third;  but  dying  without  iiTue,  was 
succeeded  by  hisyounger  brother  Henry,  who  was  created 
vifcount  Dunkeron,  in  the  county  of  Kerry,  and  earl 
of  bhe  bourne  Feb.  1 1,  1718.  He  married  the  lady 
Arabella  Boyle,  fider^  of  Charles  earl  of  Cork,  who 
brought  him  feveral  children.  He  was  member  of  par- 
hament  for  Great  Marlow  in  Buckinghamdrire,  and  a 
ftxlow  of  the  Royal  Society;  he  died  April  17,  i-rj. 
Anne  was  married  to  Ihomas  Fitzmorris,  barc/i  of 
Kerry  and  Lixnaw,  and  died  in  Ireland  in  the  vear 
W37-  ^ ^ ‘ 

The  variety  of  purfuits,  in  which  Sir  William  Petty 
was  engaged,  dicwshim  to  have  had  a genius  capable  of 
any  thing  to  which  lie  chofe  to  apply  it : and  it  is  very 
extiaordinary,  that  a man  of  fo  aOlive  and  bufy  a fpi- 
rit  could  find  time  to.  write  fo  many  things,  as  it  ap- 
pears he  did,  by  tire  following  catnloi^'ue 

I.  Advice  to  Mr.  S.  Hartlib  &c  ; °i643,  4to.— 2.  A 
Lnefoflrocecdings  between  Sir  Hierom  Sankey  and 
t le  author  &:c ; 1659,  Rho. — 3.  Refiedfions  upon  fome 
perlons  and  things  in  Ireland,  &c  ; 1660,  8vo.— 4.  A 
I rcatife  of  Taxes  and  Contribution,  &c  ; 1662,  1667, 

1685,  4to,  all  without  the  author’s  name.  This  laft 
was  re-publnlied  in  1690,  with  two  other  anonymous 
pieces,  I he  Privileges  and  Praaice  of  Parliaments, 
and  ‘ I he  Politician  Difeovered  ;”  with  a new  title- 
page,  where  it  is  faid  they  were  all  written  by  Sir  Whl- 
liam,  which,  as  to  the  firil,  is  a mifiake. — 5.  Appara- 
tus to  the  Hifiory  of  the  Common  Praaice  of  Dyeing  •** 
printed  in  SpraCs  Hifiory  of  the  Royal  Society,  166*^, 
4to.~6.  A Difeourfe  concerning  the  Ufe  of  Dupli! 
cate  Proportion,  together  with  a New  Hypothefis  of 
SpnngingorElafticMotions;  1674,  i2mo.— 7.  Collo- 
quium Davidis  cum  Anima  fua,  &c ; 1670,  folio 

8.  The  Politician  Difeovered,  &c  ; 1681,  4to.* 

9.  An  Effay  in  Political  Arithmetic;  1682,  8vo — 

10.  Obfervations  upon  the  Dublin  Bills  of  Mortality 

]ni6Sr,  6<c;  16S3,  An  Account  of  fome 

Experiments  relating  to  I.and-carriage,  Philof,  Tranf. 
numb.  1 6 1. — 12.  Some  ^T^Bicrics  for  examining  Mineral 
Waters,  ibid.  numb.  166.— 13,  A Catalogue  of  Mean, 
Vulgar,  Cheap,  and  Simple  Experiments,  ; ibid., 
numb.  167. — 14.  Maps  of  Ireland,  being  an  Adlual 

Survey  of  the  whole  Kingdom,  ,l^c  ; 1683,  folio. 

15.  An  LlTay  concerning  the  Multiplication  of  Man- 
kind ; 16&6,  8 VO. — 16.  A fuither  ikifertion  concern. 

^ of  London,  vindicatinp*  it,  8:c  * 

Philof.  d rani,  185, — 17,  Two  Eifavs^'a  Politi- 
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cal  Aritliinellc  ; 1687,  8vo.— 18.  Five  Effays  In  Po- 
litical Arithmetic  ; 1687,  8vo.— 19.  Obfemtions  upon 

London  and  Rome  ; 1687,  8vo,  _ . 1 

His  podhumous  pieces  are,  (i),  Political  Arithme- 
tic ; 1690,  8vo,  and  I75s>  life  prehxe  r— 

(2)  The  Political  Anatomy  of  Ireland,  with  Verbum 
kpieuti,  .691,  1719— (3'r  A Treatlfe  of  Naval  , 

Philofophy  ; 1691,  12mo. — (4)>  a complete 

Treatlfe  of  Navigation  fhould  contjun  ; I hilol.  I itiph 
numb.  198.— (O?  A Difcourfe  of  making  Cloth  with 
Sheep’s  Wool  ; in  Birch’s  Hift.  of  tne  Roy.  Soc.-^ 
(6),  Supellex  Philofophica  ; ibid. 

PH/ENOMENON.  See  Phenomenon. 

PH  ARON,  the  name  of  a game  of  chance.  See  De 
Moivre’sDoarine  of  Chances,  pa.  77  and  10^. 

PHASES,  in  Allronomy,  the  various  appearances, 
or  quantities  of  illumination  of  the  moon,  Venus, 
PlercLiry,  and  the  other  planets,  by  the  fun,  Thefe 
Phafes  are  very  obfervable  in  the  moon  with  the  naked 
eye ; by  which  fbe  fometimes  increafes,  fometimes 
wanes,  is  now  bent  into  horns,  and  again  appeals  a half 
circle  ; at  other  times  file  Is  gibbous,  and  again  a full 
circular  face.  And  by  help  of  the  telefcope,  the  like 
variety  of  Phafes  is  obferved  in  Venus,  Mars,  &c. 

Copernicus,  a little  before  the  ufe  of  telefcopes,  fore- 
told, that  after  ages  would  find  that  Venus  underwent 
all  the  changes  of  the  moon  ; which  prophecy  was 
fii-a  fulfilled  by  Galileo,  w^ho,  direHing  his  telefcope  to 
Venus,  obferved  her  Phafes  to  emulate  thofe  of  the 
moon  ; being  fometimes  full,  fometimes  horned,  and 

fometimes  gibbous.  ^ , r r 

Phases  of  an  Ecllpfe,  To  deterinine  thefe  for  any 

time  : Find  the  moon’s  place  in  her  vifible  way  for  that 
moment ; and  from  that  point  as  a centre, ^ with  the  in- 
terval of  the  moon’s  femidiameter,  deferibe  a^  circle  . 
In  like  manner  find  the  fun’s  place  in  the  ecliptic,  from 
which,  with  the  femidiameter  of  the  fun,  deferibe  ano- 
ther circle  : The  interfedion  of  the  two  circles  (hews 
the  Phafes  of  the  eclipfe,  the  quantity  of  obfeuration, 
and  the  pofition  of  the  cufps- or  horns. 

PHENOMENON,  orPniENOMENON, ’an  appearance 
in  phyfics,  an  extraordinary  appearance  in  the  hea- 
vens, or  on  earth  ; cither  difeovered  by  obfervation  of 
the  celefiial  bodies,  or  by  phyfical  experiments,  the 
caufe  of  which  is  not  obvious.  Such  are  metcois,  co- 
mets, uncommon  appearance  of  liars  and  planets,  earth- 
quakes, &c.  Such  alfo  are  the  elFedls  of  the  magnet, 
phofphorus,  &c. 

PHILOLAUS,  of  Crotona,  was  a celebrated  phi- 
lofopher  of  the  Ancients.  He  was  of  the  fchool  of  Fy- 
thao-oras,  to  whom  that  philofopher’s  Golden  Verfes 
have  been  aferibed.  He  made  the  heavens  his  chief  ob- 
^ed  of  contemplation;  and  has  been  faid  to  be  the 
author  of  that  true  iyllem  of  the  world  which  Coper- 
nicus afterwards  revived ; but  erroneoully,  becaufe 
there  is  undoubted  evidence  that  Pythagoras  learned 
that  fyfiem  in  Egypt.  On  that  erroneous  fuppofition 
however  it  was,  that  Bulliald  placed  the  nanie  of  Phi- 
lolaus  at  the  head  of  two  works,  written  to  illuflrate 
and  confirm  that  fyllem. 

“ He  was  (fays  Dr.  Enfield,  in  his  Hifiory  of  Phi- 
lofophy)  a difciple  of  Archytas,  and  flourilhed  in  the 
time  of  Plato.  It  was  from  him  that  Plato  purchafed 
die  written  records  of  the  Pythagorean  fyftem,  contra- 


ry to  an  exprefs  oath  taken  by  the  foclety  of  Pytliago- 
reans,  pledging  themfelves  to  keep  fecret  the  mylleries 
of  their  fed.  It  is  probable  that  among  thefe  books 
were  the  writings  of  Timasus,  upon  which  Plato  formed 
the  dialogue  which  bore  hii^  name.  Plutarch  relates, 
that  Philolaus  was  one  of  the  perfons  who  efcaped  from 
the  houfe  which  was  burned  by  Cylon,  during  the  life 
of  Pythagoras  ; but  this  account  cannot  be  corred. 
Philolaus  was  contemporary  with  Plato,  and  therefore 
certainly  not  with  Pythagoras.  Interfering  in  affairs 
of  Hate,  he  fell  a facrifice  to  politicaljealoufy. 

‘‘  Philolaus  treated  the  dodrine  of  nature  with  great 
fubtlety,  but  at  the  fame  time  with  great  obfeurity  ; 
referring  every  thing  that  exifts  to  mathematical  prin- 
ciples. He  taught,  that  reafon,  improved  by  mathema- 
tical learning,  is  alone  capable  of  judging  concerning 
the  nature  of  things  : that  the  whole  world  confifts  of 
Infinite  and  finite  ; that  number  fubfifts  by  itfelf,  and 
is  the  chain  by  which  its  po\^er Tuffains  the  eternal 
frame  of  things ; that  the  Monad  is  not  the  foie  priru* 
clple  of  things,  but  that  the  Binary  is  neceffary  to  fiir- 
nilk  materials  from  which  all  fubfequent  numbers  may 
be  produced;  that  the  world  is  one  whole,  which  has  a 
fiery  centre,  about  which  the  ten  celeftial  fpheres  re- 
volve, heaven,  the  fun,  the  planets,  the  earth,  and  the 
moon  ; that  the  fun  has  a vitreous  furface,  whence  the 
fire  diffufed  through  the  world  is  refleded,  rendering 
the  mirror  from  which  it  is  reffeded  vifible  ; that  all 
things  are  preferved  in  harmony  by  the  law  of  necefli- 
ty  ; and  that  the  world  is  liable  to  defirudion  both  by 
fire  and  by  water.  From  this  fummary  of  the  dodrine 
of  Philolaus  it  appears  probable  that,  following  Ti- 
maeus,  whofe  writings  he  poffeffed,  he  fo  far  departed 
from  the  Pythagorean  fyftem  as  to  conceive  two  inde- 
pendent principles  in  nature,  God  and  matter,  and  that 
it  was  from  the  fame  fource  that  Plato  derived  his  doc- 
trine upon  this  fubjed.” 

PHILOSOPHER,  a perfon  well  verfed  in  philofo- 
phy  ; or  who  makes  a profeflioii  of,  or  applies  himfelf 
to,  the  ftudy  of  nature  or  of  morality. 

PHILOSOPHICAL  Transactions, thofe  of  the 
Royal  Society.  See  Transactions. 

PHILOSOPHIZING,  the  ad  of  confidering  fome 
objed  of  our  knowledge,  examining  its  properties,  and 
the  phenomena  it  exhibits,  and  enquinng  into  their 
caules  or  eff'eds,  and  the  laws  of  them  ; the  whole 
conduded  according  to  the  nature  and  reafon  of  things, 
and  direded  to  the  improvement  of  knowledge. 

The  Rules  of  Philosophizing,  as  eftablinred  by  Sir 
ifaac  Newton,  are,  i.  That  no  more  caufes  of  a na- 
tural effed  be  admitted  than  are  true,  and  fufiice  to  ac- 
count for  its  phenomena.  This  agrees  with  the  fenti- 
ments  of  moft  philofophers,  who  hold  that  nature  does 
notliing  ill  vain  ; and  that  it  were  vain  to  do  that  by 
many  things,  which  might  be  done  by  fewer. 

2.  That  natural  eff'eds  of  the  fame  kind,  proceed 
from  the  fame  caufes.  Thus,  for  inilance,  the  caufe 
of  refpiration  is  one  and  the  fame  in  man  and  brute  ; 
the  caufe  of  the  defeent  of  a fione,  the  fame  in  Europe 
as  In  America  ; the  caufe  of  light,  the  fame  in  the  fun 
and  in  culinary  fire  ; and  the  caufe  of  refledion,  the 
fame  in  the  planets  as  the  earth. 

3.  Thofe  qualities  of  bodies  which  are  not  capable  of 
being  heightened,  and  remitted,  and  which,  are  found 
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in  p11  bodies  on  wbicli  experiments  can  be  made,  muft 
be  conlidered  as  univerfal  qualities  of  all  bodies.  Thus, 
the  extenfion  of  body  is  only  perceived  by  our  fenfes, 
nor  is  it  perceivable  in  all  bodies  : but  fince  it  is  found 
in  all  that  we  have  perception  of,  it  may  be  afhrmed  of 
all.  So  vre  find  that  ievcral  bodies  are  hard  ; and 
arg'ue  that  the  hardiiefs  of  the  whole  only  arifes  from 
the  ha-rdnefs  of  the  parts  : whence  we  infer  that  the 
particles,  not  only  of  thole  bodies  which  are  fenfible, 
but  of  all  others,  are  likewife  hard.  Laltly,  if  all  the 
bodies  about  the  earth  gravitate  towards  the  earth,  and 
this  according  to  the  quantity  of  matter  in  each  ; and 
if  the  moon  gravitate  towards  the  earth  alfo,  accord- 
ing to  its  quantity  of  matter  ; and  the  fea  again  gia- 
vitate  towards  the  moon  ; and  all  the  planets  and  co- 
mets gravitate  towards  each  other  ; it  may  be  affirmed 
univerfally,  that  all  bodies  in  the  creation  gravitate  to- 
wards each  other.  This  rule  is  the  foundation  of  all 
natural  philofophy. 

PHILOSOPHY,  the  knowledge  or  itudy  of  na- 
ture or  morality,  founded  on  realon  and  experience. 
Literally  and  originally,  the  word  fignified  a love 
of  wifdom.  But  by  Philofophy  is  now  meant  the 
knowledo-e  of  the  nature  and  reafons  of  th in grs  ; as 
diftinguilhed  from  hiilorv,  which  is  tlie  bare  know- 
ledge of  faCls  ; and  from  mathematics,  wliich  is  tlie 
knowledge  of  the  quantity  and  meafures  of  things. 

Thefe  three  kinds  of  knowledge  ought  to  be  joined 
as  much  as  poflible.  Hillory  fiirnilhes  matter,  princi- 
ples, and  practical  examinations  ; and  mathematics 
completes  the  evidence. 

Philofophy  being  the  knowledge  of  tlie  reafons  of 
things,  all  arts  mult  have  their  peculiar  Philofophy 
which  conftitutes  their  theory;  not  only  law  and  phy- 
fic,  but  the  lowcll  and  molt  abject  arts  are  not  without 
their  reafons.  It  is  to  be  obferved  that  tJie  bare  intelli- 
gence and  memory  of  philofophical  propofitions,  Avith- 
cwjt  any'  ability  to  demonftrate  them,  is  not  Philofophy, 
but  hiltory  only.  However,  where  fuch  propofitions 
are  determinate  and  true,  they  rnay  be  ufefully  applied 
in  practice,  even  by  thofe  who  are  ignorant  of  their  de- 
inonftrations.  Of  this  we  fee  daily  in  fiances  in  the 
rules  of  arithmetic,  practical  geometry,  and  naviga--- 
tion  ; the  reafons  of  which  are  often  not  underttood  by 
thofe  who  pradtife  them  with  fnccefs.  And  this  fuc- 
cefs  in  the  application  produces  a conviction  of  mind, 
which  is  a kind  of  medium  between  Philofophical 
or  fcientific  knowledge,  and  that  which  is  hiltorical 
only. 

If  Ave  confider  the  difference  there  is  betAveen  natu- 
ral philofopliers,  and  other  men,  with  regard  to  their 
knowledge  of  phenomena,  we  fiiall  find  it  conlifts  not 
in  ail  exadter  knowledge  of  the  efficient  caufe  that 
produces  them,  for  that  can  be  no  other  than  tlie  will 
of  the  Deity  ; but  only^  in  a greater  and  more  enlarged 
comprehenfion , by  which  analogies,  harmonies,  and  agree- 
ments are  deferibed  in  the  AA’orks  of  nature,  and  the 
particular  effedts  explained  ; that  Is,  reduced  to  general 
rules,  which  rules  grounded  on  the  analogy  and  uni- 
formnefs  obferved  in  the  produdtion  of  natuial  effedts, 
are  more  agreeable,  and  lought  alter  by  the  mind  ; for 
that  they  extend  our  profpedt  beyond  Avhat  is  prefent, 
and  near  to  us,  and  enable  us  to  make  very  probable 
conjefilures,  touching  things  that  may  have  happened 


at  very  great  diflances  of  time  and  place,  as  well  as  to 
predifil  things  to  come  ; w'hich  fort  of  endeavour  towards 
omnifcience  is  much  affedled  by  the  mind.  • Berkley, 
Princip.  of  Hum.  Knowledge,  fedl.  104,  105. 

From  the  firft  broachevs  of  new  opinions,  and  the 
firfi  founders  of  fchools,  Philofophy  is  become  divided 
into  fcveral  fedts,  fome  ancient,  others  modern  ; fuch 
are  the  Platonifts,  Peripatetics,  Epicureans,  Stoics, 
Pyrilionians,  and  Academics  ; alfo  the  Cartefians, 
NeAvtonians,  &c.  See  the  particular  articles  for  each. 

Philofophy  may  be  divided  into  tAvo  branches,  or  it 
may  be  coiifidered  under  two  circumftances,  theoretical 
and  pradtical. 

Theoretical  or  Speculative  Philosophy,  is  employed 
in  mere  contemplation.  Such  is  phyfics,  which  is  a 
bare  contemplation  of  nature,  and  natural  things. 

Theoretical  Philofophy  again  is  ufually  fubdivided 
into  three  kinds,  viz,  pneumatics,  phyfics  orfomatics, 
and  metaphyfics  or  ontology. 

The  firfi  confiders  being,  abftradledly  from  all  mat- 
ter : its  objeHs  are  fpirits,  their  natures,  properties, 
and  effedts.  The  fecond  confiders  matter,  and  mate- 
rial things  : its  objeHs  are  bodies,  their  properties, 
laAvs,  &c. 

The  third  extends  to  each  indifferently:  its  objeHs 
are  body  or  fpirit. 

In  the  order  of  our  difeoverv,  or  arriA'al  at  theknoAv- 
ledge  of  them,  phyfics  is  firft,  then  metaphyfics  ; 
the  lail  arifes  from  the  two  firft  confidered  toge- 
ther. 

But  in  teaching,  or  laying  doAvn  thefe  feveral  branches 
to  others,  Ave  obferve  a contrary'  order  ; beginning 
Avith  the  moft  univerfal,  and  defeending  to  the  more 
particular.  • And  hence  we  fee  why  the  Peripatetics 
call  metaphyfics,  and  the  Cartefians  pneumatics,  the 
prima  philofophia. 

Others  prefer  the  difiribiition  of  Philofophy  into 
four  parts,  viz,  I.  Pneumatics,  Avhich  confiders  and 
treats  of  fpirits.  2.  Somatics,  of  bodies.  3,  The 
third  compounded  of  both,  anthropology,  which  confi- 
ders man,  in  whom  both  body  and  fpirit  are  found.  4. 
Ontofophy,  Avhich  treats  of  Avhat  is  common  to  all  the 
other  three. 

Again,  Philofophy  may  be  divided  into  three  parts  ; 
intellectual,  moral,  and  phyfical : the  intellectual  part 
comprifes  logic  and  metaphyfics  ; the  moral  part  con- 
tains the  laws  of  nature  and  nations,  ethics  and  poli- 
tics ; and  laftly  the  pliylical  part  comprehends  the  doc- 
trine of  bodies,  animate  or  inanimate  : thefe,  Avitli  their 
various  fubdivifions,  avIU  comprize  the  whole  of  Phi- 
lofophy. 

iV<7C'/WPHiL0sopHY,  is  that  Avhich  lays  down  the 
rules  of  a virtuous  and  happy  life  ; and  excites  us  to 
the  praclice  of  them.  Mofi  authors  divide  it  into  two 
kinds,  anfwerable  to  the  two  forts  of  human  aCiions  to 
be  directed  by  it  ; viz,  Logic,  which  governs  the  ope- 
rations of  the  underfianding  ; and  Ethics,  properly  io 
called,  which  direCt  thofe  of  the  Avill. 

For  the  feveral  .particular  forts  of  Philofophy,  fee 
tlie  articles,  Aiabian,  Arilloteliaii,  Atomical,  Carte- 
fian,  Corpyfcular,  Itpicurean,  Experiment'al,  Herme- 
tical,  Leihnitzlan,  Mechanical,  Moral,  Natural,  Ncaa'- 
tonian.  Oriental,  Platonic,  Scholaillc,  Socratic,  Lc. 
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PHOENIX,  a confteliation  of  the  fouthern  hemi- 
fphere.  This  is  one  of  the  new-added  afteriims,  un- 
known to  the  Ancients,  and  is  not  vifible  in  our  north- 
ern parts  of  the  globe.  There  are  13  liars  in  this 
conllellation. 

PHONICS)  otherwife  called  Acoustics,  is  the 
Godtrine  orTcience  of  lohiids. 

Phonics  may  be  confidercd  as  an  art  analogous  to 
Optics  ; and  may  be  divided,  like  that,  into  Diredl, 
Refradted,  and  Rejected.  Tliefe  branches,  the  bifaop 
of  Ferns,  in  allufion  to  the  parts  of  Optics,  denomi- 
nates Phonics,  Diaphonics,  and  Cataphonics.  See 
Acoustics. 

PHOSPPIORUS,  a matter  which  (liines,  or  even 
burns  fpontaneouHy,  .and  without  the  application  of 
any  feniible  lire. 

Phofphori  are  either  natural  or  artificial. 

Natural  Phosphor.!,  are  matters  which  become 
luminous  at  certain  times,  without  the  affiftance  of  any 
art  or  preparation.  Such  are  the  glow-worms,  fre- 
quent in  our  colder  countries  ; lantern-fiies,  and  other 
Ihinmg  infedls,  in  hot  countries  ; rotten-wood  ; the 
eyes,  blood,  fcales,  flelh,  fweat,  feathers,  &c,  of  feveral 
animals  ; diamonds,  when  rubbed  after  a certain  man- 
ner, or  after  having  been  expofed  to  the  fun  or  light  j fu- 
gar  and  fiilphiir,  when  pounded  in  a dark  place  ; fea 
water,  and  fome  mineral  waters,  when  brhhiy  agitated ; 
a cat’s  or  horfe’s  back,  duly  rubbed  with  the  hand, 
^c,  in  the  dark;  nay  Dr.  Croon  tells  us,  that  upon 
rubbing  his  own  body  bridely  with  a well-warmed 
fliirt,  he  has  frequently  made  both  to  Ihine  ; and  Dr. 
Sloane  adds,  that  he  knew  a gentleman  of  Brillol,  and 
his  foil,  both  whofe  ftockings  would  fhinc  much  after 
walking. 

aAil  natural  Phofphori  have  this  in  common,  that 
they  do  not  diine  always,  and  that  they  never  give  any 
heat. 

Of  all  the  natural  Phofphori,  that  which  has  occa- 
iioned  the  greateft  fpeciilation,  is  the 

Barometrical  or  Mercurial  Phosphorus.  M.  Picard 
iirft  obferved,  that  the  mercury  of  his  barometer,  when 
ihaken  in  a dark  place,  emitted  light.  And  many 
fanciful  explanations  have  been  given  of  this  phenome- 
non, which  however  is  now  found  to  be  a mere  eledlrical 

Mr.  Hawkfoee  has  feveral  experiments  on  this  ap- 
pearance. Palling  air  forcibly  through  the  body  of 
quickfilver,  placed  in  an  exhaufted  receiver,  the  parts 
were  violently  driven  againft  the  fide  of  the  receiver, 
and  gave  all  around  the  appeai-ance  of  fire  ; conti- 
nuing- thus  till  the  receiver  was  half  full  ag-ain  of  air. 

^ • O 

From  other  experiments  he  found,  that  though  the 
appearance  of  light  was  not  producible  by  agitating  the 
mercury  in  the  fame  manner  in  the  common  air,  yet 
that  a very  fine  medium,  nearly  approaching  to  a va- 
cuum, was  not  at  all  neceffary.  And  laftly,  from 
other  experiments  he  found  that  mercury  inciofed  in 
water,  which  communicated  with  the  open  air,  by  a 
violent  fhaking  of  the  vclfel  in  which  it  was  inciofed, 
emitted  particles  of  light  in  great  plenty,  like  little 
Far  So. 

By  including  the  veffel  of  mercury,  &€,  in  a receiver, 
and  exhaiilling  the  air,  the  phenomenon  was  changed  ; 
and  upon  fhaking  the  veffel,  iifflead  of  fpai'ks  of  light, 


the  whole  mafs  appeared  one  continued  circle  of 
light. 

Farther,  if  mercury  be  inciofed  in  a glafs  tube,  clofc 
flopped,  that  tube  is  found,  on  being  rubbed,  to  give 
much  more  light,  than  when  it  had  no  mercury  in  it. 
When  this  tube  has  been  rubbed,  after  raifing  fucceR 
lively  its  extremities,  that  the  mercury  might  how  from 
one  end  to  the  other,  a light  is  feeii  creeping  in  a fer- 
pentine  manner  all  along  the  tube,  the  mercury  being  ail 
luminous.  By  making  the  mercury  run  along  the  tube 
afterwards  without  rubbing  it,  it  emitted  fome  light, 
though  much  lefs  than  before  ; this  proves  that  the 
fridtion  of  the  mercury  againil  the  glafs,  in  running 
along,  does  in  fome  meafure  eledlrify  the  glafs,  as  the 
rubbing  it  with  the  hand  does,  only  in  a much  lefs  de- 
gree. This  is  more  plainly  proved  by  laying  fome 
very  llgkt  down  near  the  tube,  for  this  will  be  attradted 
by  the  eleftricity  raifed  by  the  running  of  the  mercury, 
and  will  rife  to  that  part  of  the  glafs  along  which  the 
mercury  runs  ; from  which  it  is  plain,  tirat  what  has 
been  long  known  in  the  world  under  the  name  of  the 
Phofphorus  of  the  barometer,  is  not  a Pliofphorus, 
but  merely  a light  raifed  by  eleflricity,  the  m.ercury 
eledlrifying  the  tube.  Philof.  Tranf.  numb.  484. 

Artijicial  Phosphor!,  are  fuch  as  owe  their  luminous- 
quality  to  fome  art  or  preparation.  Some  of  thefe  are 
made  by  the  maceration  of  plants  alone,  and  without 
any  fire  ; fuch  as  thread,  linen  cloth,  but  above  all  pa- 
per : the  luminous  appearance  of  this  lafl,  which  it 
is  now  known  is  an  eledlrical  phenomenon,  is  greatly  in- 
creafed  by  heat.  Almoil  all  bodies,  by  a proper  treat- 
ment, have  that  power  of  fhining  in  the  dark,  which  at 
fii  fl  was  fuppofed  to  be  the  property  of  one,  and  after- 
wards only  of  a few.  See  Philof.  Tranf.  numb.  478, 
in  vol.  44,  pa.  83. 

Of  Artificial  Phofphori  there  are  three  principal 
kinds  : the  firfl  burnings  whieff  confumes  every  combuf- 
tible  it  touches  ; the  other  two  have  no  fenfible  heat, 
and  are  called  the  Bononian  and  Hermetic  Phofphorus  | 
to  which  clafs  others  of  a fimiiar  kind  may  be  re- 
ferred. 

The  Burning  Phosphorus,  is  a combination  ofphlo- 
giilon  with  a peculiar  acid,  and  confequently  a fpecies 
of  fulphur,  tending  to  decompofe  itfelf,  and  fo  as  to 
take  fire  on  the  accefs  of  air  only.  This  may  be  made 
of  urine,  blood,  hairs,  and  generally  of  any  part  of  aa 
animal  that  y ields  an  oil  by  diftillation,  and  moil  eafily 
of  urine.  It  is  of  a yellowiili  colour,  and  of  the  confift- 
ence  of  hard  wax,  in  the  condition  it  is  left  by  the  diflib 
lation  ; in  which  {late  it  is  called  phofphorus  fulgurans^ 
from  its  corrufeations  ; phofpborus  fmaragdinus ^ be- 
caufe  its  liglit  is  often  green  or  blue,  efpecially  in  places 
that  are  not  very  dark  ; and  from  its  confiitence  it  is- 
called  folid  Phofphorus.  It  diffolves  m all  kinds  of 
diffilied  oils,  in  which  flate  it  is  called  liquid  Phofpho- 
rus. And  it  may  be  ground  in  ail  kinds  of  fat  poma- 
tums, in  which  way  it  makes  a luminoas  unguent. — So 
that  thefe  forts  are  all  the  fame  preparation,  under  dif- 
ferent circumftances. 

The  difeovery  of  this  Phofphorus  was  made  in  1677,. 
by  one  Brandt,  a citizen  of  Hamburgh,  in  his  re- 
fearches  for  the  philofopher’s  flone.  And  the  method 
was  afterwards  found  out  both  by  Kimckel,  and  Mr. 
Boyle,  from  only  learning  that  urine  was  the  chief  fub- 
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' fiance  of  it ; firice  then  it  has  been  called  Kunckell’s 
Phofphorus.  It  is  prepared  by  firft  evaporating  the 
urine  to  a rob,  or  the  confidence  of  honey,  and  after- 
wards diftiiling  it  in  a very  llrong  heat,  &c.  See  Mem. 
Acad.  Paris  1737  ; Philof,  Tranf.  numb.  196,  or  Abr. 
voL  3,  pa.  346  ; Mem.  Acad.  Berlin  1743. 

Many  curious  and  amufing  experiments  are  made  with 
Phofphorus  ; as  by  writing  with  it,  when  the  letters 
will  appear  like  flame  in  the  dark,  though  in  the  light 
nothing  appears  but  a dim  fmoke  ; alfo  a little  bit  of  it 
rubbed  between  two  papers,  prefently  takes  fire,  and 
burns  vehemently  ; &c.  By  waflring  the  face,  or  hands, 
with  liquid  Phofphorus,  they  will  fiiine  very  con- 
fiderably  in  the  dark,  and  the  lufire  will  be  communi- 
cated to  adjacent  objedls,  yet,  without  Jiurting  the 
fkin  ; on  bringing  in  the  candle,  the  fhining  difappears, 
and  no  change  is  perceivable. 

Bolognlan  or  Bononian  Phosphorus,  is  a preparation 
of  a llone  called  the  Bononian  ilone,  from  Bologna,  a 
city  in  Italy,  near  Avhich  it  is  found.  This  Phofpho- 
rus has  no  fenfible  heat,  and  only  becomes  luminous  af- 
ter being  expofed  to  the  fun  or  day  light.  For  the  me- 
thod of  preparing  it,  fee  the  Mem.  Acad.  Berlin 
1749  and  1750. 

The  Hermetic  Phosphorus,  or  third  kind,  is  a pre- 
paration of  Engliih  chalk,  with  aquafortis,  or  fpint  of 
nitre,  by  the  fire.  It  makes  a body  confiderably  fofter 
than  the  Bolognian  ftone,  hut  having  otherwife  all  the 
fame  qualities.  It  is  alfo  called  Baldwin’s  Phofphorus, 
from  its  inventor,  a German  chemift,  called  alfo  Hermies 
in  the  fociety  of  the  Naiuras  Curioforum,  whence  its 
other  name  Hermetic : it  was  difeovered  a little  before 
the  year  1677.  See  Acad.  Par,  1693,  pa.  271  ; and 
Grew’s  Muf.  Reg.  Soc.  p.  373. 

Phosphorus,  firfl  difeovered  by  Hom- 
berg,  is  a combination  of  quick-lime  with  -the  acid  of 
fal  ammoniac,  from  which  it  receives  its  phlogifton. 
Mem.  Acad.  Par.  1693. 

Aniimonial  Phosphorus,  is  a kind  difeovered  by 
Mr.  GeofFroy  in  his  experiments  on  antimony.  Mem. 
Acad.  Par,  1736. 

Phosphorus  of  the  Berne-fone^  a name  given  to  a 
ftone  from  Berne,  in  Switzerland,  where  it  is  found, 
and  which  becomes  a kind  of  Phofphorus  when  heated. 
Mem.  Acad.  Paris  1724. 

Cantonas  Phosphorus,  a very  good  kind,  prepared 
by  Mr.  Canton,  an  ingenious  philofopher,  from  cal- 
cined oyfter  (hells.  Philof.  Tranf.  vol.  78,  pa.  337. 

Phopshorus  FdecaliSy  a very  good  kind,  exhibiting 
many  wonderful  phenomena,  and  prepared,  bv  iMr. 
Homberg,  from  human  dung  mixed  with  alum.  Mem. 
Acad.  Par.  17 1 1. 

Phosphorus  MetaJlorum^  a name  given  by  fame 
chemlfts  to  a preparation  of  a certain  mineral  fpar, 
found  in  the  mines  of  Saxony,  and  other  places  where 
there  is  copper.  Philof.  Tranf.  numb.  244,  p.  365. 

Phosphorus  of  Sulphur,  a new-difeovered  fpecies, 
which  readily  takes  fire  on  being  expofed  to  the  open 
air,  and  invented  by  M.  L.e  Fevre.  Mem.  Acad. 
Par.  1728. 

Phosphorus,  in  Aftronomy,  is  the  morning  liar, 
or  the  planet  Venus,  when  fiierifes  before  the  fun.  The 
Latins  call  it  Lucifer,  the  French  Etoiie  de  berger,  and 
the  Greeks  Phofphorus, 


29  ] 

PPIYSICxVL,  fomething  belonging  to  nature,  or  C^c- 
ifting  in  it.  Thus,  we  fay  a Phyfical  point,  in  oppofi- 
tion  to  a mathematical  one,  which  laft  only  exifts  in  the 
imagination.  Or  a Phyfical  fubftance  or  body,  in  op- 
pofition  to  fpirit,  or  metaphyfical  fubilance,  &c. 

Physical,  ox  Seifible  Horizon.  See  Horizon, 

_ YR^'i\QQ- Mathematics,  or  Mixed  Mathematics,  in- 
cludes thofe  branches  of  PLyfics  which,  uniting  obfer- 
vation  and  experiment  to  mathematical  calculation,  ex- 
plain mathenratically  the  phenomena  of  nature. 

PHYSICS,  called  alfo  Natural  Phi- 

lefophy,  is  the  do6trine  of  natural  bodies,  their  pheno- 
mena, caufes,  and  effedls,  with  their  various  affedlions,. 
motions,  operations,  &c.  So  that  the  immediate  and 
proper  objeds  of  Phyfics,  are  body,  fpace,  and  mo- 
tion. 

The  crlgiii  of  Phyfics  is  referred,  by  the  Greeks,  to 
the  Barbarians,  viz,  the  braclimans,  the  mng^i,  and  the 
Hebrew  and  Egyptian  priefts.  From  thiTe  it  palfed  to 
tlie  Greek  fages  or  fophi,  particularly  to  Thales,  who 
it  is  faid  firll  profefied  the  ftudy  of  nature  in  Greece. 
Hence  it  defeended  into  die  fchools  of  the  Pythago- 
reans, the  Platonifts,  and  the  Peripatetics ; from 
whence  it  pafied  into  Italy,  and  thence  through  the 
reft  of  E-urope.  Though  the  druids,  bards,  dc,  had 
kind  of  fyftem  of  Phyfics  of  their  own, 

Phyfics  ir.ay  be  divided,  with  regard  to  the  manner 
in  which  It  has  bceu  handled,  and  the  perfons  by  wholUy. 
into 

Symbolical  Physics,  or  fiich  as  was  couched  under 
fymbols : fuch  was  that  of  the  old  Egyptians,  Pytha- 
goreans, and  Platonifts;  who  delivered  the  properties 
of  natural  bodies  under  arithmetical  and  geometrical 
charaifters,  and  hieroglyphics. 

Perlpatetical  Physics,  or  that  of  the  Arlftotclians,. 
who  explained  the  nature  of  things  by  matter,  form, 
and  privation,  elementary  and  occult  qualities,  fympa- 
thics,  antipathies,  attraClIons,  &:c. 

Expeilmental  Physics,  which  enquires  into  the  rea- 
fons  and  natures  of  things  from  experiments  : fuch  as- 
thofe  in  themlftry,  hydroftatics,  pneumatics,  optics,. 
<5cc.  And 

Mechardcal  ox  Corpnfcidar  Vhys,ics,  which- explains 
tlie  appearances  of  nature  from  the  matter,  motion,. 
ftru6ture,  and  figure  of  bodies  and  their  parts  : all  ac- 
cording to  the  fettled  laws  of  nature  and  mechanics,. 
Bee  each  of  thefe  articles  under  its  own  head. 

PIASTER,  a SpanilE  money,  more  ufually  called 
Piece  of  Fight,  aliout  the  value  of  4s.  6d. 

PIAZZA,  popularly  called  Plache,  an  Italian  iiame 
for  a portico,  orcoveitd  walk,  fupported  by  arches. 

Pi  CARD  (John),  an  able  mathematician  of  France,, 
and  one  of  the  molt  learned  aftronomers  of  the  17th 
century,  was  born  at  Fleche,  and  became  prieft  and 
prior  of  Riliiein  Anjou.  Coming  afterwards  to  Paris, 
hisfiiperior  talents  for  mathematics  and  aftronomy  foom 
made  him  known  and  relpeftcd.  In  1666  he 'was  ap- 
pointed aftronomer  in  the  Academy  of  Sciences..  Aud 
live  years  after,  he  was  fent,  by  order  of  the  king,  to 
the  caftlc  of  Uraniburgh,  built  by  Tycho  Brahe  in  Den- 
mark, to  make  aftronomical  obfervations  there;  and 
from  thence  Ije  brought  the  original  raanuferipts,  writ- 
ten by  Tycho  Brahe;  which  are  the  more  valuable,  as- 
they  differ  in  many  pIaces_from  the  printed  copies,  and 
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cofitain  a l)ook  more  than  has  yet  appeared*  ^Thefe' 
difcovt-ries  were  followed  by  many  others,  particularly 
111  altronomy  : He  was  one  of  the  hrft  who  applied  the 
teleicope  to  allronomjcal  quadrants  : he  fir  ft  executed 
the  work  called,  L.a  ConnotIJance  des  Temps,  which  he 
calculated  from  1679  to  1683  inclufively  : he  hide  ob- 
feived  the  liglit  in  the  vacuum  of  the  barometer,  or  tiie 
mercurial phofphorus  : he  alfo  hrll  of  any  went  through 
fcveral  parts  ct  France,  to  mcafure  the  degrees  of  the 
Iwench  meridian,  and  hrll  gave  a chart  ol  the  country, 
which  the  Caffinis  afterwards  carried  to  a great  degree 
of  peifctlion.  He  died  in  1682  or  1683,  leaving  a 
name  dear  to  his  friends,  and  refpe^lable  to  his  contein® 
poraries  and  to,  pollcrity . His  works  are, 

I,  A treatife  on  Levelling. 

Fratlical  Dialling  by  Calculation. 

Fragments  of  Dioptrics. 

Experiments  on  Running  Water. 

Of  Meafurements. 

Menfuraiion  of  Fluids  and  Solids. 

Abridgment  of  the  Meafure  of  the  Earth. 
Journey  to  Uraniburgh,  or  Aftronomical  Obfer'' 
vations  made  in  Denmark. 

9.  Allronomical  Obfervations  made  in  divers  parts  of 
Diance, 


2. 

3' 

4. 

5- 

6. 

7- 

8. 


10.  La  Connoiffance  des  Temps,  from  1679  to  1683, 

All  thefe,  and  fome  other  of  his  works,  which  are 
much  eheemed,  are  given  in  the  6th  and  7th  volumes 
of  the  Memoirs  of  the  Academy^  of  Sciences. 

PlCCOLOMINl  (Alexander),  archbifltop  of 
Patras,  and  a native  of  Sienna,  where  he  was  born 
about  the  ymar  lyoS.  He  was  of  an  llluftrioiis  and  an- 
cient family,  which  came  originally  from  Rome,  but 
•afterwards  fettled  at  Sienna.  He  compofed  with  fuccefs 
for  the  theatre  ; but  he  was  not  more  diftinguifhed  by 
his  genius,  than  by  the  purity  of  his  manners,  and  his 
regard  to  virtue.  His  charity  was  great  ; and  was 
chiefly  exerted  in  relieving  the  neceflities  of  men  of 
letters.  He  was  the  flrlt  who  made  ufe  of  the  Italian 
language  in  writing  upon  phllofophical  fubjedls.  EIc 
died  at  Sienna  the  12th  of  March  1578,  at  70  years 
of  age,  leaving  behind  him  a number  of  works  in  Ita- 
lian, on  a variety  of  fubjedls.  A particular  catalogue 
•of  them  may  be  feen  in  the  Typographical  Dictionary  ; 
the  principal  of  which  are  the  following  : 

1.  Various  Dramatical-pieces. 

2.  A treatife  on  the  Sphere. 

3.  A Theory'  of  the  Planets, 

4.  Tranflation  of  Arillotle’s  Art  of  Rhetoric  and 
Poetry. 

5.  ASyflemof  Morality,  puhlifiicd  at  Venice,  1377, 
in  qto  ; tranflated  into  French  by  Peter  de  Larivey, 
and  printed  at  Paris,  15  81,  in  410. 

Thefe,  with  a variety  of  other  works,  prove  his  ex- 
tenfive  knowledge  in  natuiH  philofophy,  mathematics, 
and  theology. 

PlCCOLOMINl  (Francis),  of  the  fame  family  with 
the , foregoing,  was  born  in  1520,  and  taught  philofo- 
phy  with  fuccefs,  for  the  fpaceof  22  year's,  in  the  moll 
celebrated  univerfities  of  Italy,  and  afterwards  retired 
to  Sienna,  where  he  died,  in  1604,  at  84  years  of  age. 
He  was  fo  much  and  fo  generally  refpedted,  that  the 
city  went  into  mourning  on  his  death, 

Piccolomiui  laboured  to  revive  the  dodlrlne  of  Plata, 
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and  endeavoured  alfo  to  imitate  the  manners  of  that 
pliilofopher.  He  had  for  his  rival  the  famous  James 
Z-abar  Alla,  whom  he  excelled  in  facility  of  expreffioa 
and  neatnefs  of  diction  ; but  to  whom  he  was  much' 
inferior  in  point  of  argument,  becaufe  he  did  not  exa- 
mine matters  to  the  bottom  as  the  other  did  ; but  palled 
too  rapidly'’  from  one  propofltion  to  anotlier. 

PICKET,  Ficquet,  or  Piquet,  In  Fortification 
a flake  lharp  at  one  end,  and  ufually  Ihud  with  iron  ; 
iifed  In  laying  out  ground,  to  mark  the  feveral  bounds 
and  angles  of  it.  There  are  alfo  larger  Pickets,  driven 
Into  the  earth,  to  hold  together  fafeines  or  faggots,  in 
works  that  are  thrown  up  in  halle.  As  alio  various 
forts  of  fmaller  Pickets  for  divers  other  ufes. 

PIECES,  in  Artillery,  include  all  forts  of  great 
guns  and  mortars  ; meaning  Pieces  of  ordnance,  or 
of  ai'tillcry^ 

PIEDOUCHE,  in  Architedlure,  a little  Hand,  or 
pedeftal,  either  oblong  or  fquare,  enriched  with  mould- 
ings ; ferving  to‘'fupport  a bull,  or  other  little  figure  ; 
aiui  is  more  ufually  called  a bracket  pedellal. 

PIEDROIT,  in  Architedlure,  a kind  of  fquare 
pillar,  or  pier,  partly  hid  within  a wall.  Differing 
from  the  Pilaller  by  having  no  regular  bafe  nor  capital. 

Pn-DROIT  is  alfo  ufed  for  a part  of  the  folid  -w^all 
annexed  to  a door  or  window  ; comprehending  the 
doorpoft,  chambi'aivie,  tableau,  leaf,  &c. 

PIER,  in  Building,  denotes  a mafs  of  ftone,  &c, 
oppofed  by  way  of  fortrefs,  againll  the  force  of  the 
fea,  or  a great  river,  for  the  fecurity  of  fhips  lying  in 
any  harbour  or  haven.  Such  are  the  Piers  at  Dover,  or 
Ramfgate,  or  Yarmouth,  &c. 

Piers  are  alfo  ufed  in  Architedlure  for  a kind  of  pi- 
laflers,  or  buttreffes,  raifed  for  fupport,  flrength,  and 
fometimes  for  ornament. 

Circular  Piers,  are  called  Maflive  Columns,  and  are 
either  with  or  without  caps.  Thefe  are  often  feen  in 
Saracenic  architedlure. 

Piers,  of  a Bridge,  are  the  Avails  built  to  fupport 
the  arches,  and  from  which  they  fpring  as  bafes,  to 
fland  upon. 

Piers  fliGuld  be  built  of  large  blocks  of  Hone,  folid 
throughout,  and  cramped  together  with  iron,  wdiich 
will  make  the  whole  as  one  folid  Hone.  Their  extremi- 
ties, or  ends,  from  the  bottom,  or  bafe,  up  to  high- 
water  mark,  ought  to  proje6l  fliarp  out  with  a faliant 
angle,  to  divide  the  ftream.  Or  perhaps  the  bottom 
part  of  the  Pier  fliouldbe  built  flat  or  fquare  up  to  about 
half  the  height  of  low-water  mark,  to  encourage  a 
lodgment  againft  it  for  the  fand  and  mud,  to  cover  the 
foundation  ; left,  being  left  bare,  tlie  water  fliould  in 
time  undermine  and  ruin  it.  The  bell  form  of  the 
projedlion  for  dividing  the  ftream,  is  the  triangle  ; and 
the  longer  it  is,  ortlie  more  acute  the  faliant  angle,  the 
better  It  will  divide  it^  and  the  lefs  will  the  force  of  the 
water  be  againft  the  Pier  ; but  It  may  be  fufficieiit  to 
make  that  angle  a right  one,  as  it  will  render  the  ma- 
fonry  ftronger,  and  in  that  cafe  the  perpendicular  pro- 
jedllon  will  be  equal  to  half  the  breadth  or  thicknefs  of 
the  Pier.  In  rivers  where  large  heavy  craft  navigate, 
and  pafs  the  arches,  it  may  perhaps  be  better  to  make 
the  ends  femicircular  ; for  though  this  flgure  does  not 
divide  the  vA'-ater  fo  well  as  the  triangle,  it  will  better 
turn  off,  and  bear  tlie  Ihock  of  the  craft. 
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The  thicknefs  of  the  Piers  ought  to  be  fuch  as  U'ill 
make  them  of  weight,  or  ftrength,  fufficient  to  fup- 
port  their  interjacent  arch,  Independent  of  the  affiftance 
of  any  other  arches.  And  then,  if  the  middle  of  tlie 
Pier  be  run  up  to  its  full  height,  the  centring  may  be 
ftnick,  to  be  ufed  In  another  arch,  before  the  hanches 
or  fpandrcls  are  filled  up.  They  ought  alfo  to  be  made 
with  a broad  bottom  on  the  foundation,  and  gradually 
diminifhed  in  thicknefs  by  offsets  up  to  low-water 
mark. 


To  jind  the  thichnefs  VGr  of  the  Plersy  ncceffaiy  to 
fupport  an  arch  ABM,  this  is  a general  rule.  ' Let  K 
be  the  centre  of  gravity  of  the  half  arch  ADCB,  A == 
its  area  ; KL  perpendicular  to  AM  the  fpan  of  the 
arch,  OB  its  height,  and  BC  its  thicknefs  at  the 
crown  ; then  is  the  thicknefs  of  the  pier 
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Some  authors  pretend  to  give  numbers,  in  tables,  for 
this  purpofe ; but  they  are  very  erroneous.  See  my 
treatife  on  the  Principles  of  Bridges,  fe6t.  3. 

PILE,  an  offenfive  weapon,  confiding  of  a fiiaft  of 
wood,  I 2 or  14  feet  long,  headed  with  a fiat-pointed 
fteel,  called  the  fpear. 

- Pliny  lays  the  Lacedemonians  were  the  inventors  of 
the  Pike.  The  Macedonian  phalanx  was  evidently  a 
battalion  of  Pikemen. 

The  Pike  was  long  ufed  by  the  infantry,  to  enable 
them  to  fuftain  the  attack  of  the  cavalry  ; but  It  is  now 
taken  from  them,  and  the  bayonet,  fixed  to  the  muzzle 
of  the  firelock,  is  given  inftead  of  it.  — It  is  Hill 
ufed  by  fome  officers  of  infantry,  under  the  name  of 
fpontoon,  ^ 

Half  ViKE  is  the  weapon  carried  by  an  officer  of 
foot ; being  only  8 or  9 feet  long. 

PILASTER,  in  Architedfure,  a fquare  column, 
fometimes  infulated,  but  more  frequently  let  within  a 
wall,  and  only  projecling  by  a 4th  or  5th  part  of  its 
thicknefs. 

The  Pilafier  is  different  in’the  different  orders ; bor- 
rowing the  name  of  each  order,  and  having  the  fame 
proportions,  and  the  fame  capitals,  members,  and  orna- 
ments, with  the  columns  themfelves. 

Dmr  Pilaster,  called  alio  MemhrettOy  is  a Pilafier 
thatfupports  an  arch  5 and  it  generally  Hands  againH  a 
pier  or  column. 


PILES,  In  Building,  are  large  Hakes,  or  beams, 
fharpened  at  the  end,  and  fhod  with  iron,  to  be  driven 
into  the  ground,  for  a foundation  to  build  upon  In 
marfiiy  places. 

AmHerdam,  and  fome  other  cities,  are  wholly  built 
upon  Piles.  The  Hoppage  of  Dagenham-breach  was 
effedled  by  dove-tail  Files,  that  is  by  Piles  mortifed 
into  one  another  by  a dovetail  joint. 

Piles  are  driven  down  by  blows  of  a large  Iron  weight, 
ram,  or  hammer,  dropped  continually  upon  them  from  a 
height,  till  the  Pile  is  funk  deep  enough  into  the 
ground, 

NotwIthHandIng  the  momentum,  or  force  of  a body 
in  motion,  is  as  the  v/eight  multiplied  by  the  velocity, 
or  fimply  as  Its  velocity,  the  weight  being  given,  or 
conllant;  yet  the  effedt  of  the  blow  will  be  neaily  as 
tlie  fquare  of  that  velocity,  the  effedt  being  the  quanti- 
ty the  Pile  finks  in  the  ground  by  the  Hroke.  For  the 
force  of  the  blow,  whicli  is  transferred  to  the  Pile,  being 
deHroyed,  in  fome  certain  definite  time,  by  the  fridtion 
of  the  part  which  is  within  tlie  eaith,  which  is  nearly  a 
conHant  quantity  ; and  the  fpaces,  in  conHant  forces, 
being  as  the  fquarcs  of  the  velocities;  therefore  the  ef- 
fedfs,  which  are  thofe  fpaces  funk,  are  nearly  as  the 
fquare  of  the  velocities  ; or,  which  is  the  fame  thing,' 
nearly  as  the  heights  fallen  by  the  ram  or  hammer,  to 
the  head  of  the  Pile.  See,  upon  this  fubjedt,  Leopold 
Belidor,  alfo  Defaguliers’s  Exper.  Philof.  vol.  i,  pa. 
336,  and  vol.  2,  pa.  417  ; and  Philof.  Tranf.  1779* 
pa.  120. 

There  have  been  various  contrivances  for  raifing  and 
dropping  the  hammer,  for  driving  down  the  Piles  ; 
fome  fimple  and  moved  by  Hrength  of  men,  and  fome 
complex  and  by  machinery  ; but  the  completeH  Pile- 
Driver  is  eHeemed'that  which  was  employed  in  driving 
the  Piles  in  the  foundation  of  WeHminfler  bridge. 
This  machine  was  the  invention  of  a Mr.  Vauloue,  and 
the  defeription  of  it  is  as  follows. 

Defeription  of  F'aidouds  PiLE-Dr/Wr.  See  fig.  2, 
pi.  XX.  A is  the  great  upright  ffiaft  or  axle,  carrying 
the  great  v,'heel  B and  drum  C,  and  turned  by  horfes 
attached  to  the  bars  S,  S.  The  wheel  B turns  the 
trundle  X,  having  a fiy  O at  the  top,  to  regulate  the 
motion,  and  to  adl  againH  the  horfes,  and  keep  them 
from  falling  when  the  heavy  ram  Q^is  difengaged  to 
drive  the  Pile  P down  into  the  mud  &c.  in  the  bottom 
of  the  river.  7’he  drum  C is  loofe  upon  the  fhaft  A, 
but  is  locked  to  the  wheel  B by  the  bolt  Y.  On  this 
drum  the  great  rope  IlH  is  wound;  one  end  of  it  being 
fixed  to  the  drum,  and  the  other  to  the  follower  G, 
paffing  over  the  pulleys  I and  K.  In  the  follower  G are 
contained  the  tongs  F,  which  take  hold  of  the  ram  Q^, 
by  the  Haple  R for  drawung  it  up.  D is  a fpiral  or  fu- 
fee  fixed  to  the  drum,  on  which  winds  the  fmall  rope  T 
which  goes  over  the  pulley  U,  under  the  pulley  V,  and 
is  faHeiied  to  the  top  of  the  frame  at  7.  To  the  pulley- 
block  V Is  hung  the  counterpoife  W,  which  hinders  the 
follow^er  from  accelerating  as  it  goes  down  to  take 
hold  of  the  ram  : for,  as  the  follower  tends  to  acquire 
velocity  in  Its  defeent,  the  line  T wunds  downwards 
upon  the  fufee,  on  a larger  and  larger  radius,  by  wffiicii 
means  the  counterpoife  W a£ls  Hronger  and  Hronger 
againH  it ; and  fo  allow^s  it  to  come  down  with  only  a 
moderate  and  uniform  velocity.  The  bolt  Y locks  the 

druta 


P I L t 232  1 P I L 


drum  to  tlie  great  wlieel,  being  pufhed  upward  by  the 
Imall  lever  2,  which  goes  through  a mortife  in  the  fliaft 
A,  turns  upon  a pin  in  the  bar  3 fixed  into  the  great 
wheel  B,  and  has  a weight  4,  which  always  tends  to 
pufii  up  the  bolt  Y through  the  wheel  into  the  drum, 
jL  is  the  great  lever  turning  on  the  axis  and  refting 
upon  the  forcing  bar  5,  5,  whicli  goes  down  through  a 
hollow  in  the  (haft  A,  and  bears  upon  the  little  lever  2, 

By  the  horfes  going  round,  the  great  rope  H Is 
wound  about  the  drum  C,  and  the  ram  QJs  drawn  up 
by  the  tongs  F in  the  follower  O,  till  they  come  be- 
tween the  inclined  planes  E ; which,  by  iliutting  the 
tongs  at  the  top,  open  them  below,  and  fo  difcharge 
tire  ram,  which  falls  down  between  the  guide  polls  bb 
upon  the  File  P,  and  drives  it  by  a few  llrokcs  as  far 
into  the  ground  as  It  can  go,  or  as  Is  defired  ; after 
vvhich,  the  top  part  Is  fawed  off  clofe  to  the  mud,  by 
an  engine  for  that  purpofe.  Immediately  after  the  ram 
is  difeharged,  the  piece  6 upon  the  follower  G takes 
hold  of  the  ropes  aa,  which  raife  the  end  of  the 
lever  Li,  and  caufe  its  end  N to  defeend  and  prefs  down 
the  forcing  bar  5 upon  the  little  lever  2,  which,  by 
drawing  down  the  bolt  Y,  unlocks  the  drum  C from 
the  great  wheel  B ; and  then  the  follower,  being  at  li- 
berty, comes  down  by  its  own  vveight'to  the  ram  ; and  the 
lower  ends  of  the  tongs  flip  over  the  Eaple  R,  and  the 
weight  of  their  heads caufes  them  to  fall  outward,  and 
Ibiits  upon  it.  Then  the  weight  4 pufhes  up  the  bolt  Y 
irjto  the  drum,  which  locks  it  to  the  great  wheel,  and 
io  the  ram  is  drawn  up  as  before. 

As  the  follower  comes  down,  it  caufes  the  drum  to 
turn  backward,  and  unwinds  the  rope  from  it*  while 
the  horfes,  the  great  wheel,  trundle,  and  fly,  go  on 
with  an  uninterrupted  motion  ; and  as  the  drum  is 
turning  backwuard,  the  counterpoife  W Is  drawn  up, 
and  Its  rope  T wound  upon  the  fpiral  fufee  D. 

There  are  feveral  holes  in  the  under  fide  of  the 
drum,  and  the  bolt  Y always  takes  the  firll  one  that 
it  finds  ’when  the  drum  flops  by  the  falling  of  the 
follower  upon  the  ram  ; till  which  floppage,  the  bolt 
lias  not  time  to  flip  into  any  of  the  holes. 

The  peculiar  advantages  of  this  engine  are,  that  the 
weight,  called  the  ram,  or  hammer,  may  be  ralfed  \vlth 
the  leaf!  force  ; that,  when  it  Is  raifed  to  a proper 
height,  it  readily  difengages  itfelf  and  falls  wdth  the 
iitmofl  freedom ; that  the  forceps  or  tongs  are  lowered 
down  fpeedily,  and  inftantly  of  themfelves  agaln'lay 
hold  of  the  ram,  and  lift  it  up  ; on  which  account 
this  machine  will  drive  the  greatell  number  of  piles  in 
the  leaf!  time,  and  wdth  the  fewefl  labourers. 

This  engine  was  placed  upon  a barge  on  the  wmter, 
and  fo  was  eafily  conveyed  to  any  place  defired.  The 
ram  was  a ton  weight  ; and  the  guides  h,  b,  by  which 
It  was  let  fall,  were  30  feet  high, 

A new  maehine  for  driving  piles  has  been  Invented 
lately  by  Mr.  S,  Bimce  of  Kirby-ftreet,  Hatton-flreet, 
Ijondon.  This,  it  Is  faid,  will  drive  a greater  number 
oi  Piles  in  a given  time  than  any  other  ; and  that  it  can 
he  conftrudled  more  Amply  to  vrork  by  horfes  than 
Vauloiie’s  engine  above  defcribed, 

^ 3 4)  plate  XX,  reprefent  a fide  and  front 

feiRion  of  the  machine.  The  chief  parts  are,  A,  fig.  3, 
which  are  two  endlefs  ropes  or  chains,  conne6led  by 
crofs  pieces  of  iron  B (fig.  4)  correfponding  with  two 


crofs  grooves  cut  diametrically  oppofite  in  the  wheel  C 
(fig.  3)  into  which  they  are  received  ; and  by  which 
means  the  rope  or  chain  A is  carried  round.  FHK  is  a 
fide-vlew  of  a flrong  wooden  frame  moveable  on  the 
axis  H.  D is  a vrheel,  over  v.’hich  the  chain  pafies  and 
turns  within  at  the  top  of  the  frame.  It  moves  occa- 
fionally  from  F to  G upon  the  centre  H,  and  Is  kept  in 
tlie  pofition  Fby  the  weight  I fixed  to  the  end  K.  In 
fig.  5,  L.  is  the  iron  ram,  which  Is  connedled  with  tiie 
crofs  pieces  by  the  hook  M.  N isa  cylindrical  piece  of 
wood  fufpended  at  the  hook  at  O,  which  by  Aiding 
freely  upon  the  bar  that  connedsthe  hook  to  the  ram, 
always  brings  the  hook  upright  upon  the  chain  when  at 
the  bottom  of  the  machine.  In  the  pofition  of  GP.  See 

%•  3-  ^ 

When  the  man  at  S turns  the  ufual  crane-work,  the 

ram  being  conneTed  to  the  chain,  andpaffing  between 
the  guides,  is  drawn  up  in  a perpendicular  direblion  ; 
and  when  it  Is  near  the  top  of  the  machine,  the  projebl- 
ing  bar  Q_pf  the  hook  ilrikes  againft  a crofs  piece  of 
wood  at  R (fig.  3)  ; and  confequentiy  difeharges  the 
ram,  while  the  weight  I of  the  moveable  frame  infiantly 
draws  the  upper  wheel  into  the  pofition  fliewn  at  F, 
and  keeps  the  chain  free  of  the  ram  in  its  defeent.  The 
hook,  while  defeending,  is  prevented  from  catching  the 
chain  by  the  wooden  piece  N : for  that  piece  being  fpe- 
cihcally  lighter  than  the  iron  weight  below,  and  moving 
with  a lefs  degree  of  velocity,  cannot  coir.e  into  contadt 
with  the  Iron,  till  It  is  at  the  bottom,  and  the  ram  Hops, 
It  then  falls,  and  again  connedls  the  hook  with  the 
chain,  which  draws  up  the  ram,  as  before. 

Mr.  Bunce  has  made  a model  of  this  machine,  which 
performs  perfedlly  well ; and  he  obferves,  that,  as  the 
motion  of  the  wheel  C is  uninterrupted,  there  appears 
to  be  the  leafl:  pofiible  time  loll  in  the  operation. 

Pile  Is  alfo  ufed  among  Architedls,  for  a mafs  or 
body  of  building. 

Pile,  in  Artillery,  denotes  a collection  or  heap  of 
fliot  or  Ihells,  piled  up  by  horizontal  courfes  into  either 
a pyramidal  or  elfe  a wedge-like  form  ; the  bafe  being 
an  equilateral  triangle,  a fquare,  or  a redtangle.  la 
the  triangle  and  fquare,  the  File  terminates  in  a fingle 
ball  or  point,  and  forms  a pyramid,  as  in  plate  xlx,  fig* 
4 and  5,  but  with  the  redangular  bafe,  It  finllhcs  at  top 
in  a row  of  balls,  or  an  edge,  forming  a wedge,  as  In  fig.  6, 

In  the  triangular  and  fquare  Piles,  the  number  of  ho- 
rizontal rows,  or  courfes,  or  the  number  counted  on 
one  of  the  angles  from  the  bottom  to  the  top,  Is  always 
equal  to  the  number  counted  on  one  fide,  In  the  bottom 
row.  And  Ift  redlangular  Piles,  the  number  of  rows, 
or  courfes,  is  equal  to  the  number  of  balls  in  the 
breadth  of  the  bottom  row,  or  fliorter  fide  of  the  bafe  ; 
alfo,  in  this  cafe,  the  number  in  the  top  row,  or  edge, 
is  one  more  than  the  difference  between  the  length  and 
breadth  of  the  bafe.  Ail  which  is  evident  from  the  in- 
fpedlion  of  the  figures,  as  above. 

The  courfes  in  thefe  Piles  are  figurate  numbers. 

In  a triangular  Pile,  each  horizontal  courfe  is  a trian- 
gular number,  produced  by  taking  the  fucceffive  fums  of 
the  prdinate  numbers,  viz, 

1 » =1  I 

1 + 2 =3 

I -F  2 + 3 =6 

1+24-34-4  = IO;  BCQ, 

And 
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And  the  number  of  (hot  in  the  triangular  Pile,  is  the 
fumofall  thefe  triangular  numbers,  taken  as  far,  or  to 
as  many  terras,  as^the  number  in  one  fide  of  the  bafe. 
And  therefore',  to  find  this  fum,  or  the  number  of  all  the 
fhot  in  the  Pile,  multiply  continually  together,  the 
number  in  one  fide  of  the  bafe  row,  and  that  number 
increafed  by  i,  and  the  fame  number  incrcafed  by  2 ; 
then  ^ of  the  lafi;  pfodudt  will  be  the  anfwer,  or  number 
of  all  the  ihot  in  the  Pile. 


That  is-. 


/2  . « + I , 72  -b  2 
; _ 


Is  the  fum  ; 


where  n is  the  number  in  the-bottom  row. 

Again,  in  Square  Piles,'  each  horizontal  courfe  is  a 
fquare  number,  produced  by  taking  the  fquare  of  the 
number  in  its  fide,  or  the  fucctfiive  fums  of  the  odd 
numbers,  thus, 


1 


I 


1+3  =4 

J + 3 + 5 =9 

1+3  + 5 + 7 = 16,  <Scc. 

And  the  number  of  fiiot  in  the  fqjuare  Pile  is  the  fum 
of  all  theie  fquare  numbers,  continued  fo  far,  or  to  as 
many  terms,  as  the  number  in  one  fide  of  the  bafe. 
And  therefore,  to  find  this  fum,  multiply  continually 
together,  the  number  in  one  fide  of  the  bottom  courfe, 
and  that  number  increafed  by  i,  and  double  the  fame 
number  increafed  by  i ; then  j-  of  the  laft  produdl  will 
be  the  fum  or  anfwer. 


, That  is, 


« . 4-  I . 4-  I 

6 “ 


is  the  fum. 


In  a rc^angukr  Pile,  each  liorizontal  courfe  is  a refi:- 
angle,  whofe  two  Tides  have  always  the  fame  difi'ereiicc 
asthofeofthe  bafe  courfir,  and  t-he  breadth  of  the  top 
row,  or  edge,^  being  only  1 : becaufc  each  courfe  in 
aicending  has  its  length  and  breadth  always-  lefs  by  i 
than  the  courfe  next  below  it.  And  thefe  rebfangular 
courfesare  Found  by  multiplying  fuccefliyeJy  the  terms 
or  breadths  c,  2,  3,  &c,  by  the  fame  terms  added 

to  the  conilant  difference  of  the  two  fidcs  d ; thus, 
I.I+ifm  I-f-  d 

2 . 2 d ~ 44-22/ 

3.34-2/=  9 + 3^ 

4.44-2/=  164"  4^4 

And  the  number  of  fhot  in  the  rectangular  Pile  is  the 
fum  of  all  thefe  redf angles,  which,  it  is  evident,  confill 
of  the  fum  of  the  fquares,  together  with  the  fum  of  an 
arithmetical  pi egreffion,  continued  till  the  number  of 
terms  be  the  diffetence  between  the  length  and  breadth 
of  the  bafk,  and  i lels  than  the  edge  02*  top  row.  And 
therefore,  to  find  this  fum,  multqily  continually  toge- 
tnci,  the  number  in  the  bi^eadth  of  die  bafe  row,  the 
fame  number  increafed  by  i,  and  double  the  fame 
number  increafed  by  i,  and  alfo  increafed  by  triple 
the  difference  between  the  length  and  breadth  of  the 
bafe  j then  of  the  lall  produdf  will  be  the  anfwei . 


That  is, 


b,h  1 , zb  32/  4-  I 


is  the  fum. 


Avherc^isthe  breadth  of  the  bafe,  and  2/ the  difference 
between  the  length  and  breadth  of  the  bottom  courfe 
As  to  incomplete  Piles,  which-  are*  only  fruffumf, 
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wanting  a fimilar  fmall  Pile  at  the  top ; it  is  evident 
that  the  number  in  them  will  be  found,  by  firll  com- 
puting the  number  in  the  whole  Pile,  as  if  it  were.com» 
plete,  and  alfo  the  number  in  the  fmall  Pile  wanting  at 
top,  both  by  their  proper  rule  ; and  then  fubtraddng 
the  one  number  from  the  other. 

In  piling  of  fhot,  when  room  is  an  objeft,  it  maybe 
obfervedthat  the  fquare  Pile  is  the  Icaff  eligible,  of  any, 
as  it  takes  up  more  room,  in  proportion  to  the  number 
of  fhot  contained  in  it,  than  either  of  the  other  two 
forms  ; and  that  the  rectangular  Pile  is  the  moft  eligi- 
ble, as  taking  up  the  leaft  room  in  proportion  to  the 
number  it  contains. 

PILLAR,  a kin  d of  irregular  column,  round, 
and  Infulated,  or  detacht'd  from  the  wall.  Pillars  arc 
not  reffriefed  to  any  rules,  their  parts  and  proportions 
being  arbitrary  ; fuch  for  example  as  tbofe  that  fupport 
Saracenic  vaults,  and  other  buildings,  See. 

PINION,  in  Mechanics,  is  an  arbor,  or  fpindle,  ia 
the  body  of  which  are  feveral  notches,  which  are  catched 
by  the  teeth  of  a' wheel  that  ferves  to  turn, it  round.  Or 
a Pinion  is  any  leffer  wheel  that  plays  in  the  teeth  of  a 
larger. 

In  a watch,  &:c,  the  notches  of  a Pinion  are  called 
leaves,  and  not  teeth,  as  in  other  wheels;  and  their 
number  is  commonly  4,  y,  6,  8,  &c. 

Pinion  of  Report^  is  that  Pinion,  in  a w^atch,  com- 
monly fixed  on  the  arbor  of  a great  wheel ; and  w+ich 
ufcdto  have  but  four  leaves  In  old  watches  ; it  drives  the 
dial. wheel,  and  carries  about  the  hand. 

The  number  of  turns  to  be  laid  upon  the  Pinion  of 
report,  Is  found  by  this  proportion  : as  the  beats  in  one 
turn  of  the  great  wheel,  are  to  the  beats  In  an  hour,  fo 
are  the  hours  on  the  face  of  the  clock  (viz  12  or  24), 
to  the  quotient  of  the  hour-wheel  or  dial-wheel  divided 
by  the  Pinion  of  report,  that  Is,  by  the  number  of  turns 
which  the  Pinion  of  report  hath  in  one  turn  of  the  dial- 
wheel.  Which  In  numbers  is  26928  ; 20196  ; ; 12:9. 
—Or  thus  ; as  the  hours  of  the  watch’s  going,  arc  to 
the  numbers  of  the  turns  of  the  fufee,  fo  are  the  hours 
of  the  face,  to  the  quotient  of  the  Pinion  of  report.  So, 
if  the  hours.be  12,  then  as  16;  12  12  : 9;  but  If 

24,  then  as  16  : 12  : : 24  : 18. 

Phis  rule  may  ferve  to  lay  the  Pinion  of  report  on  any* 
other  wheel,  thus  ; as  the  beats  in  one  turn  of  any 
wheel,  are  to^  the  beats  in  an  liour,  fo  are  the  hours  of 
the  face,  or  dml-plate,  of  the  watch,  to  the  quotient  of 
the  dial-wheel  divided  by  the  Pillion  of  report,  fixed  on 
the  fpindle  of  theaforefaid  wheel. 

PIN4\  a meafure  of  capacity,  being  the  8th  part  of  a 
gallon,  both  in  ale  and  wine  meafure,  3:c.  1 he  wine 

Pint  of  pure  fpring  water,  weighs  near  17  ounces  avoir- 
dupois, and  the  ale  Pint  a little  above  20  ounces. 

Phe  Ptiris  I int  contains  about  2 pounds  of  common 
water.  And  the  Scotch  Pint  contains  io8|  cubic 
inches,  and  therefore  contains  3 Engliffi  Pints. 

^ PISCES,  the  I 2th  fign  or  conffellation  in  the  zo- 
diac; In  the  form  of  two  fi flies  tied  together  by  the  tails. 

The  Greeks,  who  have  fome  fable  to  account  for  the 
origin  of  every  conflellation,  tell  us,  that  when  Venus 
and  Cupid  were  one  time  on  the  banks  of  the  Eu- 
phrates, there  appeared  before  them  that  terrible  giant 
Typhon,  who  was  fo  long  a terror  to  all  the  Gods. 
Tliefc  deities  immediately,  they  fay,  threw  themfclve^ 
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into  the  water,  and  were  there  changed  into  thefe  two 
fiHies,  the  Pifees,  by  which  they  efcaped  the  danger. 
But  the  f^gyptians  ufed  the  figns  of  the  zodiac  as  part 
of  their  hieroglyphic  language,  and  by  the  12  tliey 
conveyed  an  idea  of  the  proper  employment  during  the 
12  months  of  the  year-  The  Ram  and  the  Bull  had,  at 
that  time,  taken  to  the  increafe  of  their  flock,  the 
young  of  thofe  animals  being  then  growing  up;  the 
paaid  Vii  •go,  a reaper  in  the  held,  fpoke  the  approach 
of  harveil  ; Sagittary  declared  autumn  the  time  for 
hunting  ; and  the  Pifees,  or  fiihes  tied  together,  in 
token  of  their  being  taken,  reminded  men  that  the  ap- 
proach of  fpring  was  the  time  for  filhing. 

The  Ancients,  as  tliey  gave  one  of  the  12  months 
of  the  year  to  the  patronage  of  each  of  the  12  fuperior 
deities,  fo  they  alfo  dedicated  to,  or  put  under  the  tu- 
telage of  each,  one  of  the  12  figns  of,  the  zodiac.  In 
this  divifion,  the  fiflics  naturally  fell  to  the  fliare  of  Nep- 
tune ; and  hence  arifes  that  rule  of  the  allrologers, 
which  throws  every  thing  that  regards  the  fate  of  fleets 
and  merchandize,  under  the  more  immediate  patronage 
and  protedtion  of  this  conflellation. 

The  ftars  in  the  flgn  Pifees  are,  in  Ptolomy’s  cata- 
logue 38,  in  Tycho^s  36,  in  Hevelius’s  39,  and  in  the 
Britannic  catalogue  1 13. 

PISCIS  AiiflraVis^  the  Southern  Fifli,  is  a conftella- 
tion  of  the  fouthern  hemifphere,  being  one  of  the  old 
48  confleilations  mentioned  by  the  Ancients. 

The  Greeks  have  here  again  the  fable  of  Venus  and 
her  fon  throwing  themfelves  into  the  fea,  to  efcape  from 
the  terrible  Typhon.  This  fable  is  probably  borrowed 
from  the  hieroglyphics  of  the  Egyptians.  With  them, 
a fllh  reprefented  the  fea,  its  element;  and  Typhon 
was  probably  a land  flood,  perhaps  reprefented  by  the 
flgn  Aquarius,  or  water  pourer,  wliofe  ftream  or  river  is 
reprefented  as  fwallowed  up  by  this  fifh,  as  the  land 
floods  and  rivers  are  by  the  fea.  And  Venus  was 
fome  queen,  perhaps  Semiramis,  otherv/ife  called  Ha- 
ma mah,  who  took  to  the  river  or  the  fea  with  her  fon, 
in  a veflel,  to  avoid  the  flood,  &;c. 

The  remarkable  ftar  Fomahaut,  of  the  ill  magnitude, 
is  juft  in  the  mouth  of  this  fiih.  The  ftars  of  this 
conftellation  are,  in  Ptolomy’s  catalogue  18,  and  in 
Flamileed’s  24.  ' 

Pis  CIS  Volans,  the  Flying  Fifli,  is  a fmall  conflella- 
tion  of  the  fouthern  hemifphere,  unknown  to  the  An- 
cients, but  added  by  the  Moderns.  It  is  not  viflble  in 
our  latitude,  and  contains  only  8 flars. 

PISTOLE,  a gold  coin  in  Spain,  Italy,  Switzerland, 
&c,  of  the  value  of  about  i6s,6d. 

PISTON,  a part  or  member  in  feveral  machines, 
particularly  pumps,  air-pumps,  fyringes,  &c  3 called 
alfo  the  Embolus,  and  popularly  the  Sucker. 

The  Pifton  of  a pump  is  a fliort  cylinder  of  wood 
or  metal,  fitted  exadtly  to  the  cavity  of  the  barrel,  or 
body  ; and  which,  being  worked  up  and  down  alter- 
nately, raifes  the  water  ; and  when  raifed,  prefles  it 
again,  fo  as  to  make  It  force  up  a valve  with  which  it  is 
furnilhed,  and  fo  efcape  through  the  fpout  of  the 
pump. 

There  arc  two  forts  of  Piftons  ufed  in  pumps;  the 
one  with  a valve,  called  a bucket ; and  the  other  with- 
out a valve,  called  a forcer. 


PLACE,  In  Philofophy,  that  part  of  infinite  fpace 
which  any  body  poflefles.  ^ 

Ariflotle  and  his  followers  divide  Place  into  External 
and  Internal. 

Internal  Place,  is  that  fpace  or  room  which  the  bo- 
dy contains.  And 

External  Place,  is  that  whicli  includes  or  contains,  i 
the  body  ; and  is  by  Ariflotle  called  the  firft  or  concave 
and  immoveable  furface  of  the  ambient  body. 

Newton  better,  and  more  intelligibly,  diflinguiflics 
Pi  ace  into  Abfolute  and  Relative. 

Ahfoliite  Primary  Place,  is  that  part  of  infinite  i 
and  Immoveable  Ipace  which  a body  pofielfcs.  And  ; 

Relative,  or  Secondary  is  the  fpace  It  poffelTcs  1 

confidei-ed  with  regard  to  other  adjacent  objects.  | 

Dr.  Clark  adds  another  kind  of  Relative  Place,  which  i;  . 
he  calls  Relatively  Common  Place  ; and  defines  it,  that  S 
part  of  any  moveable  or  meafurable  fpace  which  a body  ;• 
pofleffes  ; which  Place  moves  together  wnth  the  body.  1 
Place,  Mr.  Locke  obferves,  is  fometimes  likewife  T 
taken  for  that  portion  of  infinite  fpace  pofleffed  by  the  r 
material  w^orld  ; though  this,  he  adds,  were  more  pro-  ^ 
perly  called  extenfion.  The  proper  idea  of  Place,  ac- 
cording to  him,  is  the  relative  pofition  of  any  thing,.  , . 
with  regard  to  its  diftance  from  certain  fixed  points;,  : 
whence  it  is  faid  a thing  has  or  has  not  changed  Place,.  L . 
W'hen  its  diftance  is  or  is  not  altered  with  refpect  to  ' 
thofe  bodies. 

Place,  in  Optics,  or  Oj^tieal  V lace,  is  the  point 
to  which  the  eye  refers  an  objedl.  i 

Optic  Place  of  a ftar,  Isa  point  in  the  furface  of  the  L 
mundane  fphere  in  which  a fpedl^tor  fees  the  centre  of  T 
the  ftar,-  &c. — This  is  divided  into  True  and  Appa-  |-  ■ 
rent.  • ■ 

True,  or  Real  Optic  Place,  is  that  point  of  the  furface-  ^ 
of  the  fphere,  where  a-  fpetlator  at  the  centre  of  the  : 
earth  would  fee  the  flar,  &c. 

At>parent,  or  Vifihle  Optic  Place,  is  that  point  of  the  h 
furface  of  the  fphere,  wdiere  a fpedlator  at  the  furface  i 
of  the  earth  fees  the  ftar,  &c.  j 

The  diftance  between  thefe  two  optic  Places  makes  |i. 

what  is  called  the  Parallax. 

Place  of  the  Sun,  or  Moon,  or  Star,  or  Planet,  in  |i 
Aftronomy,  fimply  denotes  the  fign  and  Pegree  of  the:  P 
zodiac  which  the  luminary  is  in  ; and  is  ufually  ex-  ► ■ 
prefted  either  by  its  latitude  and  longitude,  or  by  its..  ^ 
right  afcenfion  and  declination,  | 

Place  of  Radiation,  in  Optics,  is  the  interval  or  3 
fpace  in  a medium,  or  traiifparent  body,  through  which  T 
any  viflble  obje£l  radiates.  j 

Place,  in  Geometry,  ufually  called  Locus,  is  a line  p 
ufed  in  the  folution  of  problems,  being  that  in  which  the  » 

, determination  of  every  cafe  of  the  problem  lies.  See  t 
Locus,  Plane,  Simple,  Solid,  &c.  '\ 

Place,  in  War  and  Fortification,  a general  name  ► 
for  all  kinds  of  fertrefles,,  where  a party  may  defend 
themfelves.  i 

Place  of  Arms,  a ftrong  part  where  the  arms  &c  I 
are  depofited,  and  where  ufually  the  foldiers  aflemble  f 
and  are  drawn  up, 

PLAFOND,  or  Platfond,  in  Architedure,  the 
cieling  of  a room, 

PLAIN  &0.  See  Plane*. 
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PLAN}  a reprefentation  of  fometbin'g,  drawn  on  a 
plane.  Such  as  maps,  charts,  and  ichnogropliies. 

Plan,  in  Architedlure,  is  particularly  ufed  for  a 
draught  of  a building  ; fuch  as  it  appears,  or  is  in- 
tended to  appear,  on  the  ground  ; diewing  tlie  extent, 
divifion,  and  diltribution  of  its  area  into  apartments, 
rooms,  paffages,  &c.  It  is  alio  called  the  Ground 
Plot,  Platform,  and  Ichnography  of  the  building  ; 
and  is  the  hrll  device  or  heetch  the  architect  makes. 

Geometrical  Plan,  ii  that  in  which  the  folid  and  va- 
cant parts  are  reprefented  in  their  natural  proportion. 

Raifed  Plan,  is  that  where  the  elevation,  or  upiight, 
is  fl'.ewn  upon  the  geometrical  Plan,  fo  as  to  hide  the 
dillribution. 

Pcrfpei^ilveV'LAH^  is  that  wlu'ch  is  condudled  and  ex- 
hibited by  degradations,  or  diminutions,  according  to 
the  rules  of  Perfpective. 

PLANE,  or  Plain,  in  Geometry,  denotes  a Plane 
figure,  or  a iurfacc  lying  evenly  between  its  bounding 
lines.  Euclid. 

Some  dehne  a Plane,  a furface,  from  every  point  of 
whofe  perimeter  a right  line  may  be  drawn  to  every 
other  point  in  the  fame,  and  always  coinciding  with  it. 

As  the  right  line  is  the  fhorteft  extent  horn  one 
point  to  another,  fo  is  a Plane  the  fhortell  extenfion 
between  one  line  and  another. 

Planes  are  much  ufed  in  Aftronomy,  conic  fec- 
tions,  fpherics,  &C,  for  imaginary  furlaces,  fnppoftd 
to  cut  and  pafs  through  folid  bodies. 

When  a Plane  cuts  a cone  parallel  to  one  fide,  it 
makes  a parabola  ; when  it  cuts  the  cone  obliquely,  an 
cliipfe  or  hyperbola  ; and  when  parallel  to  its  bafe,  a 
circle.  Every  fedfion  of  a fpherc  is  a circle. 

The  fphere  is  wholly  explained  by  Planes,  conceived 
to  cut  the  celeftial  bodies,  and  to  fill  the  areas  or  cir- 
cumferences of  the  orbits.  They  are  differently  in- 
^clined  to  each  other  ; and  by  us  the  inhabitants  of  the 
earth,  the  Plane  of  whofe  'orbit  is  the  Plane  of  the 
ecliptic,  their  inclination  is  eflimated  with  regard  to 
this  Plane. 

Plane  of  a Dial^  is  the  furface  on  which  a dial  is  fup- 
pofed  to  be  deferibed. 

Plane,  in  Mechanics.  A Horizontal  Plane,  is  a 
Plane  that  is  level,  or  parallel  to  the  horizon. 

Inclined  Vl  is  one  that  makes  an  oblique  angle 
with  a horizontal  Plane. 

The  dodlrine  of  the  motion  of  bodies  on  Inclined 
Planes,  makes  a very  confiderablc  aiticle  in  mechanics, 
and  has  been  fully  explained  under  the  articles,  Me- 
chanical Po'wersy  and  Inclined  Plane, 

Plane  of  Gravity y or  Gravitation^  is  a Plane  fup- 
pofed  to  pafs  through  the  centre  of  gravity  of  the  bo- 
dy, and  in  the  direction  of  its  tendency  ; that  is,  per- 
pendicular to  the  horizon. 

Plane  of  Rejleciiony  in  Catoptrics,  is  a Plane  which 
pafTes  through  the  point  of  refledion  ; and  is  perpendi- 
cular to  the  Plane  of  the  glafs,  or  reflediug  body. 

Plane  of  Ref raBiojiy  is  a Plane  pafilng  through  the 
incident  and  refraded  ray. 

P erfpeBive  Plane,  is  a Plane  tranfparent  furface, 
ufually  perpendicular  to  the  horizon,  and  placed  be- 
tween the  fpedator’s  eye  and  theobjedt  he  viervs;  through 
which  the  optic  rays,  emitted  from  the  feveral  points  of 
the  objed,  are  fuppofed  to  pafs  to  the  eye^  aed  iu  their 
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pafTage  to  leave  marks  that  reprefent  them  on  the  faid 
Plane. — Some  call  this  the  Table,  or  Pidnre,  becauk 
the  draught  or  Perfpedtive  of  the  objed  is  luppofed 
to  be  upon  it.  Others  call  it  the  Sedion,  fnnn  itJ 
cuttino;  the  vlfiial  ravs  ; and  others  ag^aiii  the  Glais, 

O ^ w 

from  its  fuppofed  ti  anlparency. 

Geometrical  Plane,  in  Perfpedive,  is  a Plane  parallel 
to  the  jiorizon,  upon  which  the  objed  is  fuppofed  to  be 
placed  that  is  to  be  drawn, 

HorizontalY'uk^^y  in  Pei-fpcdive,  is  a Idoue  pafUng 
through  the  fpedator’s  eye,  parailei  to  the  hori- 
zon. 

Vertical  in  Perfpedive,  is  a Plane  palling 

through  the  fpedlator’s  eye,  perpendicular  to  the  geo- 
metrical Plane,  and  ufually  at  right  angles  to  the  pei- 
fpedive  Plane. 

OhjeBive  Plane,  in  Perfpediive,  is  any  Plane  fitiiafe 
in  the  horizontal  Plane,  of  which  the  reprefentation  m 
perfpedive  is  required. 

Plane  of  the  Horeftery  in  Optics,  is  a Plane  paffing 
through  the  horopter  AB,  and  perpendicular  to  a 
Plane  paffing  through  the  two  optic  axes  CH  and  Cl. 
See  the  fig.  to  the  article  Hop-opter. 

Plane  of  the  ProjcBiony  is  the  Plane  upon  which  the 
fphere  is  projeded. 

Plane  Anglcy  is  an  angle  contained  under  two  lines 
orfurfaces. — It  is  fo  called  in  contradillindion  to  a fo- 
lid angle,  which  is  formed  by  three  or  more  Planes. 

Plane  'Triangicy  is  a triangle  formed  by  three  right 
lines ; in  oppofition  to  a fpherical  and  a mixt  tri- 
angle. 

Plane  trigonometry  is  the  dodrine  of  Plane  trian- 
gles, their  meafures,  proportions,  &c.  See  Trigo- 
nometry. 

Plane  Glafs.,  or  Mirror y in  Optics,  Is  a glafs  or 
niliTor  having  a flat  or  even  furface. 

Plane  Chart,  in  Navigation,  is  a fea-chart,  haring 
the  meridian*  and  parallels  reprefented  by  parallel 
ftraight  lines  ; and  confeqncHtly  having  the  degrees  of 
longitude  the  fame  In  every  part.  See  Chart, 

Plane  Humber,  Is  that  which  may  be  produced  by 
the  multiplication  of  two  numbers  the  one  by  the  other. 
Thus,  6 is  a plane  number,  being  produced  by  tht 
multiplication  of  the  tw'o  numbers  2 and  3 ; alfo  15  i* 
a Plane  number,  being  produced  by  the  multiplication 
of  the  numbers  3 and  3.  See  Number. 

Plane  Place,  Locus  Planus,  or  IjOCus  ad  Planum,  is 
a term  ufed  by  the  ancient  geometricians,  for  a geo- 
metrical locus,  when  it  v/as  a right  line  or  a v^ircle.  In 
oppofition  to  a lolid  place,  which  was  one  of  the  conic 
fedlions. 

Thefe  Plane  I^ocI  are  dlllinguifhed  Ey  the  Modern^ 
into  Loci  ad  Redum,  and  Loci  ad  Circulum.  See  Lo- 
cus. 

Plane  Problem,  is  fnch  a one  as  cannot  be  refolved 
geometrically,  but  by  the  interfedlon  either  of  a right 
line  and  a circle,  or  of  the  circumferences  of  two  circles. 
Such  as  this  problem  following  ; viz,  Given  the  hypo- 
thennfe,  and  the  fum  of  the  other  tw'o  fides,  of  a right- 
angled  triangle  ; to  find  the  triangle.  Or  this:  Of 
four  given  lines  to  form  a trapezium  of  a given  area. 

Plane  Sailing,  in  Navigation,  is  thet  art  of  w'ork- 
ing  the  feveral  cafes  and  varieties  in  a fliip’s  motion  oa 
a Plane  chart  f or  of  tiavigaiiuga  fhip  upon  prlnciplea 
PI  h 2 dcditced 
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deduct’d  from  tKe  notion  of  the  earth’s  being  an  ex- 
tended Plane. 

This  principle,  though  nctorioiiily  falfe,  yet  places 
being  laid  down  accordingly,  and  a long  voyage  broken 
into  many  d'.oit  ones,  the  voyage  may  be  performed 
tolerablv  well  bv  it,  efpeciaby  near  the  fame  meiidian. 

In  P’ain  Sailing  it  is  fuppofed  that  thefe  three,  the 
rhumb  line,  the  meridian,  and  parallel  of  latitude,  will 
always  form  a right-angled  triangle  ; and  fo  pofited,  as 
that  the  perpendicular  fide  v.n’li  reprefent  part  of  the 
meridian,  or  north  and  fouth  line,  containing  the  dif- 
ference of  latitude  ; the  bafe  of  the  triangle,  the  depar- 
ture, or  eaft-and-weft  line  ; and  the  hypothenufe  the 
diftance  failed.  ^ The  angle  at  the  verrex  is  ihe.courie  ; 
and  the  angle  at  the  bafe,  the  complemient  of  the 
coiirfe  ; any  two  of  which,  befides  the  right  angle, 
being  given,  the  triangle  may  be  protradfed,  and  the 
other  three  parts  found. 

For  the  doclrine  of  Plane  Sailing,  fee  Sailing,- 

Plane  Scalc^  is  a thin  ruler,  upon  Vv^hich  are  gra- 
duated the  lines  of  chords,  fines,  tangents,  fecants, 
leagues,  rhumbs,  &c  ; being  of  great  Life  in  raoft  parts 
of  the  mathemiatics,  but  efpecially  in  navigation.  See 
its  deferiotion  and  ufe  under  Scale. 

i.  _ 

Plane  Tahle^  an  infriiment  much  ufed  in  land- 
furveymg  j by  which  the  draught,  orphan,  is  taken 
upon  the  loot,  as  the  furvey  or  meafurement  goes  on, 
without  any  future  protradlion,  or  plotting. 

Th  is  inftrument  confifts  of  a Plane  redfangular  board, 
of  any  convenient  fze,  the  centre  of  which,  when 
ufed,  is  fixed  by  means  of  ferews  to  a three-legged 
Hand,  having  a ball  and  focket,  or  univerfal  joint,  at 
the  top,  by  means  of  which,  when  the  legs  are  fixed 
on  the  ground,  the  table  is  inclined  in  any  diredlion. 
To  the  table  belongs, 

1.  A frame  of  wood,  made  to  fit  round  its  edges, 
for  the  purpofe  of  fixing  a Iheet  of  paper  upon  the 
table.  The  one  fide  of  this  frame  is  ufually  divided 
into  equal  parts,  by  which  iSo  draw  lines  acrofs  the  ta- 
ble, parallel  or  perpendicular  to  the  fides  ; and  the 
other  fide  of  the  frame  is  divided  into  360  degrees,  from 
a centre  which  is  in  the  middle  of  the  table  ; by  means 
of  which  the  table  is  to  be  ufed  as  a theodolite,  &c. 

2.  A magnetic  needle  and  compafs  fciewed  into  the 
fide  of  the  table,  to  point  out  diredtions  and  be  a check 
upon  the  fights. 

3.  An  index,  which  is  a brafs  two-foot  fcale,  either 
wlthafmall  telefcope,  or  open  fights  eredfed  perpendi- 
cularly upon  the  ends.  Thefe  fights  and  the  fiducial 
edge  of  the  index  are  parallel,  or  in  the  fame.  Plane. 

General  Ufe  of  the  7 able. 

To  ufe  this  inftrument  properly,  take  a flieet  of 
WTiting  or  drawing  paper,  and  wet  it  to  make  it  ex- 
pand ; then  fpread  it  fiat  upon  the  table,  preffing  down 
the  frame  upon  the  edges,  to  firetch  it,  and  keep  it  fixed 
there  ; and  when  the  paper  is  become  dry,  it  will,  by  * 
fhrinking  again,  firetch  itfelf  fmooth  and  fiat  from  any 
cramps  or  unevennefs.  Upon  this  paper  is  to  be  drawn 
the  plan  or  form  of  the  thing  meafured. 

The  general  ufe  of  this  inftrument,  in  landTurveying, 
is  to  begin  by  fitting  up  the  table  at  any  part  of  the 
ground  you  think  the  moft  proper,  and  make  a point 
wpon  a convenient  part  of  the  paper  or  table,  to  repre- 


fint  that  point  of  the  ground  | then  fix  in  that  point  of 
the  paper  one  leg  of  the  compaffis,  or  a fine  fieel  pin, 
and  apply  to  it  the  fiducial  edge  of  the  index,  moving 
it  round  the  table,  clofi  by  the  pin,  , till  through  the 
fights  you  perceive  fome  point  defired,  or  remarkable 
objedt,  as  the  corner  of  a field,  ora  picket  fit  up,  fee  j 
and  from  the  fiation  point  draw  a dry  or'obfcurc  line 
along  the  fiducial  edge  of  the  index.  Then  turn  the 
index  to  another  object,  and  draw/  aline  on  the  paper  to- 
wards it.  Do  the  fame  by  another  ; and  fo  011  till  as  many 
objecfsarc  fit  as  may  be  thought  necefi'ary.  Then  mea- 
iure  from  your  fiation  towards  as  many  of  the  objeefsas 
may  be  necefiary,  and  no  more,  taking  the  requifite  off- 
fits  to  corners  or  crooks  in  the  hedges,  &c  ; laying  the 
meafured  diftances,  from  a proper  fcale,  down  upon  the 
refpedtive  lines  on  the  paper.  Then  move  the  table  to^ 
any  of  the  proper  places  meafiired  to,  for  a ficond  fia- 
tion,  fixing  it  there  in  the  original  pofition,  turning  if 
about  its  centre  for  that  purpofi,  both  till  the  magnetic 
needle  point  to  the  fame  degree  of  the  compafs  as  atfirfi, 
and  alfo  by  laying  the  fiducial  edge  of  tlie  index  along  the 
line  between  the  two  ftations,  and  turning  the  table  till 
through  the  Index  the  former  fiation  can  be  fien ; and 
then  fix  the  table  there  : from  this  new  fiation  repeat 
the  fame  operations  as  at  the  former  ; fetti ng  fiveral  ob-* 
jefds,  that  is,  drawing  lines  towards  them,  on  the  paper, 
by  the  edge  of  the  index,  meafuring  and  laying  oft' the 
diftances.  And  thus  proceed  from  fiation  to  fiation  ; 
meafuring  only  fuch  lines  as  are  necefiary,  and  deter- 
mining as  many  as  you  can  by  interfidbing  lines  of  dU 
redbion  drawn  from  different  ftations. 

Of  Shfting  the  Paper  on  the  Plane  Table,  When 
one  paper  is  full  of  the  lines  &c  meafured,  and  the  liir- 
vey  is  not  yet  completed  ; draw  a line  in  any'  manner 
through  the  farthefi  point  of  the  lafi  fiation  line  to 
which  the  work  can  be  conveniently  laid  down;  then 
take  the  fiieet  off  the  table,  and  fix  another  fair  fiieet  in 
its  place,  drawing  a line  upon  it,  in  a part  of  it  the  moil 
convenient  for  the  refi  of  the  work,  to  reprefent  the 
line  drawn  at  the  end  of  the  woik  on  the  former  paper,, 
Then  fold  or  cut  the  old  fiieet  by  the  line  drawn  upon 
it  ; apply  it  fo  to  the  line  on  the  new  fiieet,  and,  as 
tney  lie  together  in  that  pofition,  continue  or  produce 
the  lafi  fiation  line  of  the  old  fheet  upon  the  new  one  ; 
and  place  upon  it  the  remainder  of  the  meafurement  of 
that  line,  beginning  at  where  the  work  left  off  on  the 
old  fiieet.  And  fo  on,  from  one  fheet  to  another,  till 
the  whole  work  is  completed. 

But  it  is  to  be  noted,  that  if  the  faid  joining  lines^. 
upon  die  old  and  new  fiieet,  have  not  tlie  fame  inclina- 
tion to  the  fide  of  the  table,  the  needle  will  not  refpedt 
or  point  to  the  original  degree  of  the  compafs,  when  the 
table  is  recbified.  But  if  the  needle  be  required  to  re- 
fpedb  flill  the  fame  degree  of  the  compa,fs,  the  eafiefi  way 
then  of  drawing  the  lines  in  the  fame  pofition,  is  to 
draw  them  both  parallel  to  the  fame  Tides  of  the  tabic, 
by^  means  of  the  equal  parallel  divifions  marked  on  the 
other  two  fides  of  the  frame. 

When  the  work  of  iurveying  is  done,  and  you  would 
faften  all  the  fhcets- together  into,  one  piece,  or  rough 
plan,  the  aforefaid  lines  are  to  be  accurately  joiifed  toge- 
ther, in  the  fame  manner  as  when  the  lines  were  tranf- 
ferred  from  . the  old  fiieets  to  the  new  ones. 

See  more  full  directions  for  the  ufe  of  the  Plane- 
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'Tfiblp,  iiiui^ArttccI  with  various  examples,  in  my  Trea- 


tife  on  Lvhmfurarion,  zd  ^dit.  pa.  509  &c. 

PLANET,  literally  a wanderer,  or  a wandering 
ftar,  in  oppofition  to  a itar,  properly  ib  called,  which 
remains  hxed.  It  isaceleilial  body,  revolving  around 
the  fun,  or  fome  other  planet,  as  a centie^  or  at  lead: 
as  a focus,  and  with  a moderate  degree  of  excentricity, 
fo  that  it  never  is  fo  much  farther  from  the  fun  at  one 
time  than  at  another,  but  that  it  can  be  feen  as  well 
from  one  part  of  its  orbit  as  another  ; as  diilinguiihed 
from  the  comets,  which  on  the  fartheft  part  of  their 
trajeclory  go  off  to  fucli  vaft  dillances,  as  to  remain  a 
long  time  invifible. 

The  Planets  are  ufually  dillinguifhed  into  Primary 
and  Secondary. 

Primary  Planets,  called  alfo  fimply  Planets,  are 
thofe  which  move  round  the  fun,  as  their  centre,  or  fo- 
cus of  their  orbit.  Such  as  Mefcury,  Venus,  tlie 
Earth,  Mars,  Jupiter,  Saturn,  the  Georgian  or  iler- 
fchel,  and  perhaps  others.  And  the 

Secondary  Planets,  are  fu ch  as  move  round  fome 
primary  one,  as  their  centre,  in  the  fame  manner  as  the 
primary  ones  do  about  the  fun.  Such  as  the  moon, 
which  moves  round  the  earth,  as  a fccondary  ; and  the 
three,  Jupiter,  Saturn,  and  Georgian,  have  each  feveral 
fecondary  Planets,  or  moens,  moving  round  them. 

Till  very  lately  the  number  of  the  primary  Planets 
was  efceemed  only  fix,  which  it  was  thoiigb.t  conllituted 
the  whole  number  of  them  in  the  folar  fyhem  ; viz, 

' hlercury,  Venus,  the  Earth,  Mars,  Jupiter,  and  Sa- 
turn ; all  of  which  it  appears  were  known  to  theaftro- 
nomers  of  all  ages,  who  never  dreamt  of  an  increafe  to 
their  number.  But  a feventh  has  been  lately  difcoveied, 
by  Dr.  Herfchel,  viz,  on  March  the  i 3th,  1781,  lying 
beyond  all  the  red,  and  now  called  the  Georgian,  or 
Herfchel  : and  poiTibiy  others  may  ilill  remain  undifeo- 
vered  to  this  dav. 

The  primary  Planets  are  again  dillinguifhed  into 
Superior  and  Inferior. 

The  Suoerior  Planets  are  thofe  that  are  above  the 

1 

earth,  or  farther  from  the  fun  than  the  earth  is  ; as, 
Mars,  Jupiter,  Saturn,  and  the  Georgian  or  Herfchel, 
And 

The  Inferior  Planets  are  thofe  that  are  below  the 
earth,  or  that  are  nearer  the  fun  than  the  earth  is; 
which  are  Venus  and  Mercury. 

The  Planets  w'ere  reprefented  by  the  fame  charadlers 
as  the  chemid.s  nfe  to  reprefent  their  metals  by,  on  ac- 
count of  fome  fuppofed  analogy  between  thofe  celefllal 
and  the  fubterraneoiis  bodies,  bhiis, 

Mercury,  the  inefl'enger  of  the  Gods,  reprefented  by 
^ , the  fame  as  that  metal,  imitating  a man  with  wings 
on  his  head  and  feet,  is  a fmall  bright  planet,  with  a 
light  tint!  of  blue,  the  funk  condant  attendant,  from 
whofe  fide  it  never  departs  above  28°,  and  by  that 
means  is  ufually  hid  in  his  fplendor.  It  performs  its 
courfe  around  him  in  about  3 moiuhs. 

Venus,  the  goddefs  of  love,  marked  $ , from  the 
figure  of  a woman,  the  fame  as  denotes  copper,  from  a 
flight  tinge  of  that  colour,  or  verging  to  a light  llraw 
colour.  She  is  a very  bright  Planet,  revolving  next 
above  Mercury,  and  never  appears  above  48  degrees 
from  the  fun,  finishing  her  courfe  about  him  in  about 
feven  months.  When  this  Planet  goes  before  the  fun, 
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or  is  a morning  dar,  it  has  been  called  PhofplioniSj^ 
and  alfo  Lucifer  ; and  when  following  him,  or  when  ft 
Ihines  in  the  evening  as  an  evening  ftar,  it  is  called  HeL 
perus. 

Tcllus,  the  Earth,  next  above  Venus,  is  denoted  by 
0,  and  performs  its  courfe  about  the  iun  in  the  fpace 
of  a year. 

Mars,  the  god  of  war,  charadicrized  ^ , a man 
holding  out  a fpear,  the  lame  as  iron,  is  a ruddy  fiery- 
coloured  Planet,  and  finifhes  his  courfe  about  the  fun  in. 
about  2 years. 

Jupiter,  the  chief  god,  or  thunderer,  marked 
to  rcprelent  the  chunderbolfs,  denoting  the  fame  as  tin, 
from  his  pure  white  brightnefs.  This  Planet  is  next 
above  Mars,  and  completes  its  courfe  round  the  fun  In 
about  1 2 years. 

Saturn,  the  father  of  the  Gods,  is  exprefled  by  Tp  , 
to  imitate  an  old  man  fupporting  himfelf  with  a IlafF, 
and  is  the  lame  as  denotes  lead,  from  his  feeble  light 
and  dulky  colour.  He  revolves  next  above  Jupiter, 
and  performs  his  courfe  in  about  30  years. 

Lafily,  the  Georgian,  or  Herfchel,  is  denoted  by 
the  initial  of  his  name,  with  a crofs  for  the  chrillian 
Planet,  or  that  difeovered  by  the  chriilians.  This  is 
the  highelf,  or  outermoil,  of  the  known  Planets,  and 
revolves  around  the  lun  in  the  fpace  of  about  90  years. 

From  thefe  defcriptioiis  a perfoii  may  eafily  dilfin- 
guilh  all  the  Planets,  except  the  laft,  which  requires  the 
aid  of  a telefcope.  For  if  after  fun-fet  he  fees  a Planet 
nearer  the  eafi;  than  the  weld,  he  may  conclude  it  is- 
neither  Venus  nor  Mercury  ; and  he  may  determine 
whether  it  is  Saturn,  Jupiter,  or  Mars,  by  the  colour, 
light,  and  magnitude  : by  which  alfo  he  may  ditlin- 
guidi  between  Venus  and  Mercury. 

It  is  probable  that  all  the  Planets  are  dark  opake  bo- 
dies, limilar  to  the  earth,  and  for  the  following  reafons. 

I.  Becaiife,  in  Mercury,  Venus,  and  Mars,  only 
that  part  of  the  dilk  is  found  to  fiiine  which  is  illumi- 
nated by  the  fun  ; and  again,  Venus  and  Mercury, 
when  between  the  fun  and  the  earth,  appear  like  nia- 
cuke  or  dark  fpots  on  the  fun’s  face  : from  which  it  is 
evident,  that  thofe  three  Planets  are  opake  bodies,  il- 
luminated by  the  borrowed  light  of  the  fun.  And  the 
fame  appears  of  Jupiter,  from  his  being  vojd  of  light 
in  that  part  to  which  the  diadow  of  his  fatellites  reaches 
as  well  as  in  that  part  turned  from  the  fun;  and 
that  his  fatellites  are  opake,  and  rcflecf  the  fun’s 
light,  like  the  moon,  is  abundantly  Ihewn.  Moreover, 
fince  Saturn,  with  his  ring  and  fatellites,  and  alfo 
Heifcliel,  with  his  fatellites,  only  yield  a faint  light, 
confiderubly  fainter  than  that  of  the  rellof  the  Planets, 
and  than  that  of  the  fixed  liars,  though  thefe  be  va Illy 
more  remote  ; it  is  pall  a doubt  that  thefe  Planets  too, 
with  their  attendants,  are  opake  bodies. 

2.  Sinde  the  fun’s  light  is  not  tranfmitted  through 
Mercury  or  Venus,  when  placed  againll  him,  it  is  plain 
they  are  denfe  opake  bodies;  which  is  iikewife  evident 
of  Jupiter,  from  his  hiding  the  fatellites  in  his  Iha- 
dpw ; and  therefore,  by  analogy,  the  fame  may  be 
concluded  of  Saturn  and  Herfchel. 

3.  From  the  variable  fpots  of  Venus,  Mars,  and  Jupi- 
ter, it  is  evident  that  thefe  Planets  have  a changeable- 
atmofphere  ; which  fort  of  atmofpberc  may,  by  a like- 
argument,  be  inferred  of  the  fatellites  of  Jupiter;  and 
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tTierefore,  by  fimilitude,  the  fame  may  be  concluded  of 
■^iie  other  Planets. 

4.  In  like  manner,  from  the  mountains  obferved  in 
the  moon  and  Venus,  the  fame  may  be  fuppofed  ii\  the 
other  Planets. 

5.  J^aftly,  fin ce  all.  thefe  Planets  are  opake  bodies, 
fiiining  with  the  fun’s  borrowed  light,  are  furniflied 
with  mountains,  and  are  encompaffedwith  a changeable 
atmolphere  ; they  confequently  have  waters,  feas  &c, 
as  well  as  dry  land,  and  are  bodies  like  the  moon,  and 
tiierelore  like  the  earth.  And  hence,  it  feems  alfo 
probable,  that  the  other Jr*]anets  have  their  animal  inha- 
bitants, as  well  as  our  earth  has. 

X)f  the  Or  hits  of  the  Planets.  ' 

d hough  all  the  primary  Planets  revolve  about  tbe 
fun,  ^their  orbits  are  not  circles,  but  ellipfes,  having  the 
lun  in  one  of  the  foci.  This  circnmftance  was  hrll 
found  out  by  Kepler,  from  the  obfervations  of  Tycho 
Erahe  : before  that,  all  aflronomers  took  the  planetary 
orbits  for  eccentric  circles. 

1 be  Planes  of  thefe  orbits  do  all  InteiTeA  in  the  fun  ; 
and  the  line  in  which  t he  pi  ane  of  each  orbit  cuts  that 
of  the  earth,  is  called  the  Line  of  the  nodes  ; and  the 
two  points  in  which  the  orbits  themlelves  touch  that 
plane,  are  the  Nodes  ; alfo  the  angle  in  which  each 
plane  cuts  that  of  the  ecliptic,  is  called  the  Inclination 
of  the  plane  or  orbit. — The  diftance  between  the  centr  e 
of  the  fun,  and  the  centre  of  each  orbit,  is  called  the  ex- 
centricity  of  the  Planet,  or  of  its  orbit. 

77>e  Motions  of  the  Planets. 

The  motions  of  the  primary  Planets  are  very  fimple, 
and  tolerably  uniform,  as  being  compounded  only  of  a 
projcdfile  motion,  forward  in  a right  line,  which  is  a 
tangent  to  the  orbit,  and  a gravitation  towards  the  fun  at 
the  centre.  Befides,  being  at  fuch  vad  diftances  from 
each  other,  the  effedfs  of  their  mutual  gravitation  to- 
v/ards  one  another  are  in  a confiderable  degree,  though 
rot  altogether,  infenfible  ; for  the  adion  of  Jupiter  upon 
Saturn,  for  ex.  is  found  to  be  of  the  adion  of  the 
iun  upon  Saturn,  by  comparing  the  matter  of  Jupiter 
with  that  of  the  fun,  and  the  fquare  of  the  diftance  of 
each  from  Saturn.  So  that  the  elliptic  orbit  of  Saturn 
v/ili  be  found  more  juft,  if  its  focus  be  fuppofed  not  in 
the  centre  of  the  lun,  but  in  the  common  centre  of 
gravity  of  the  fun  and  Jupiter,  or  rather  in  the  common 
centre  of  gravity  of  the  fun  and  all  the  Planets  below 
Saturn.  And  in. like  manner,  the  elliptic  orbit  of  any 
other  Planet  will  be  found  more  accurate,  by  fuppolini 
its  focus  to  be  ill  the  common  centre  of  gravity  of  the 
iun  and  all  the  Planets  that  are  below  it.  ^Biit  the 
matter  IS  far  otherwife,  in  refped  of  the  fecondary  Pla- 
nets : for  every  one  of  thefe,  though  it  chiefly  gravitates 
towards  its  lefpedive  primary  one,  as  its  centre,  yet 
at  equal  diftances  from  the  fun,  it  is  alfo  attraded  to- 
wards  him  with  an  equally  accelerated  gravity,  as  the  pri- 
mary one  is  towards  him  ; but  at  a greater  diftance  with 
kfs,  and  at  a nearer  diftance  with  greater : from  which 
double  tendency  towards  the  fun.  and  towards  their  own 
pnrnary  Planets,  it  happens,  that  the  motion  of  the 
iatelhtes,  or  fecondary  Planets,  comes  to  be  very  much 
impounded,  and  aifeded  with  various  inequalities. 


The  motions  even  of  the  primary  Planets,  in  their 
elliptic  orbits,  are  not  equable,  becaufe  the  fun  is  not  in 
their  centre,  but  their  focus.  Hence  they  move  ; fome- 
tiines  fafter,  and  fometimes  flower,  as  they  are  nearer 
to  or  farther  from  the  fun  ; but  yet  thefe  irregularities 
are  all  certain,  and  follow  according  to  an  immutable 
law.  Thus,  the  ellipfis  PEA 
&c  reprefenring  the  orbit  of  a 
Planet,  and  the  focus  S the 
fun’s  place  : the  axis  of  the 
ellipfe  AP,  is  the  line  of  the 
apfes  ; the  point  A,  the  higher 
apfis  or  aphelion  ; Ptlie  lower 
apfis  or  peribelii  n ; CS  the 
eccentricity  ; and  ES  the  Pla- 
net’s mean  diftance  from  tlie 
fun.  Now  the  motion  of  the 
Planet  in  its  perihelion  ~P  is 
fwifteft,  but  in  its  aphelion  A 
it  is  flowed  ; and  at  E the  mo- 
tion as  well  as  the  diftance  is  a 
mean,  being  there  fuch  as  would  deferibe  the  whole  or- 
bit in  the  fame  time  it  is  really  deferibed  in.  And  the 
law  by  which  the  motion  in  every  point  is  regulated,  is 
this,  that  a line  or  radius  drawn  from  the  centre  of  the 
fun  to  the  centre  of  the  Planet,  and  thus  carried  along 
with  an  angular  motion,  does  always  deferibe  an  elliptic 
aiea  proportional  to  the  time  j that  is,  the  trilineal  area 
ASB,  is  to  the  are4  ASG,  as  the  time  the  Planet  is  ia 
moving  over  AB,  to  the  time  it  is  in  moving  over  AG. 
This  law  was  firft  found  out  by  Kepler,  from  obferva* 
tions ; and  has  fince  been  accounted  for  and  demon-^ 
ftrated  by  Sir  Ifaac  Newton,  from  the  general  laws  of 
attradlion  and  projedlile  motion. 

As  to  the  periods  and  velocities  of  the  Planets,  or 
the  times  in  which  they  perform  their  courfes,  they 
are  found  to  have  a wonderful  harmony  w^ith  their  dil- 
tances  from  the  fun,  and  with  one  another  ; the  nearer 
each  Planet  being  to  the  fun,  the  quicker  ftill  is  its  mo- 
tion, and  its  period  the  fhorter,  according  to  this  gene- 
ral and  regular  law  ; viz,  that  the  fquares  of  their  pe- 
Lodical  times  are  as  the  cubes  of  their  mean  diftances 
fi  om  the  fun  or  focus  of  their  orbits.  The  knowledge  of 
this  law  we  owe  alfo  1 o the  fagacity  of  Kepler,  who  found 
that  it  obtained  in  all  the  primary  Planets  ; as  aftrono- 
mcis  have  ftnee  found  it  alfo  to  hold  good  in  the  fecon- 
dary ones.  Kepler  indeed  deduced  this  law'  merely  from 
obfervation,  by  acomparifon  of  the  feveral  diftances  of 
the  Planets  with  their  periods  or  times  ; the  glory  of 
inveftigating  it  from  phyftcal  principles  is  due  to  Sir 
Ifaac  Newton,  who  has  demonftrated  that,  in  the  pre- 
fent  ftate  of  nature,  fuch  a law  was  inevitable. 

^ The  phenomena  of  the  Planets  are,  their, Conjunc- 
tions, Oppoiitions,  Elongations,  Stations,  Retrograda- 
tions,  Phaies,  and  Eclipfesj  for  which  fee  the  refpec- 
tive  articles. 

For  a view  of  the  comparative  magnitudes  of  the 
Planets  ; and  for  a view  of  their  feveral  diftances,  &:c  \ 
fee^  the  articles  Orbit  and  Solar  System,  as  alfo  Plate 

XXI,  fig.  i. 

The  following  1 able  contains  a fynopfis  of  the  dif- 
tances, magnitudes,  periods,  &c,  of  the  feveral  Planets, 

according  to  the  lateft  obfervation#  and  improve- 
ments. 
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Table  of  the  Planetary  Motions,  Distances,  &c. 

* 

Anno  1784. 

M E R CU  R X. 

Venus. 

Earth. 

Mars. 

^ Ju  PIT  ER. 

Sat  urn. 

Herschel,  . 
or  G EOF  G IAN, 
I7S2.  1 

Greatelt  Elonga- 
tion of  Inferior, 
and  Parallax  of;:  u - 
perior  Planets, 

28°  :o' 

47°  4S' 

Sf  Sf 

47°  24' 

I 1°  5 l' 

6°  29' 

s'"  4 i 

Periodical  Revo- 
tions  round  the 
' ?un. 

87^23“  iSi°' 

d h m 

224  16491 

d h m 

365  6 9I 

d h m 

686  23  304 

d h m 

4332  8 5ii 

d h rn 

10761  14  3O] 

d )i 

30445  18 

.Diurnal  Rotations 
'ipon  their  Axes. 

j # Sf  Sf 

23''  22’" 

. •3^-6"' 4' 

24^  39*”  22^ 

(f  36'^ 

4f 

4f 

inclinations  ot 
.cheir  Orbits  to  the 
■Ecliptic. 

7°  0' 

- ■ 

3°  23'f 

Sf 

1°  51' 

1°  19''! 

'On  r\  ^ I 

^ 3^  3' 

48'  o'' 

Place  ot  the  Af- 
cendinor  Node. 

D 13°  46'! 

2*  J4'’  44' 

Sf  :Jf 

I®  I 7°  59' 

3'  8°  50' 

3®  21°  48'^ 

■ 

Placeot  the  Aphe- 
lion, or  point  far- 
chell from  the  Sun. 

8'  i+o  13' 

10^  9°  38" 

9'  9"  I 

5‘  2°  6'i 

' 6^  10°  574' 

9‘  ^°4S'2- 

1 1*  2 3®23  ' 

.Greatell  Appi>» 
rent  Diameters, 
feen  from  the 
Earth. 

11'' 

58" 

25" 

46" 

20" 

4" 

•Diameters  in  En- 
.gliih  Miles  ; that 
jf  the  Sun  being 

383217. 

3222 

7687 

796+ 

4189 

89170 

79042 

3HC9 

ProportionalMean 

Diltancesfromthe 

Sun. 

38710 

72333 

1 00000 

1523^9 

520098 

953937 

1903421 

"Mean  JDiltances 
from  the  Sun  in 
Semidiameters  of 
the  Earth. 

9210 

1 72 10 

23799 

36262 

'23778 

227028 

453000 

Mean  Diltances 
from  the  Sun  in 
Englifh  Miles. 

37  millions 

68  millions 

95  millions 

144  millions 

490  millions 

900  millions 

1800  millions 

Eccentricities  or 
Diftance  of  the 
Pocus  from  the 
Centre. 

7960 

510 

1680 

14218 

25277 

531*53 

4759 

Proportion  ot 
Light  and  Heat  ; 
that  of  the  Earth 
being  100. 

668 

191 

100 

\ 

43 

3*7 

1*1 

o’276  ■ 

1 

Proportion  ot 

Bulk  ; that  of 
the  Sun  being 
1380000. 

I 

TT 

3 

y 

^ • 

1 

7 

1:  F 

If- 

1000 

90 

Proportion  of 
Denfity  ; that  of 
the  Sun  being  f , 

2 

1 

•7 

•23 

•02  1 

1 

46 
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A Pbnet’s  motion,  or  diAance  from  its  apogee,  is 


■called  the  mean  anomaly  of  the  Planet,  and  is  meaiured 
by  the  area  it  deferibes  in  the  given  time  : when  the 
Planet  arrives  at  the  middle  of  its  orbit,  or  the  point 
E,  the  ^rea  pr  time' is  called  the  true  anomaly.  When 
the  Planet’s  motion  is^reckoned  from  the  firll  point  of 
Aries,  it  is  calledils  motion  in  longitude  ; which  is  ei- 
ther mean  or  true  ; viz,  mean,  which  is  fuch  as  it  would 
have  were  it  to  move  uniformly'  in  a circle  ; and  true, 
which  is  that  with  which  the  Planet  adtiially  deferibes 
its  orbit,  and  is  meafured  by  the  arc  of  the  ecliptic  it 
deferibes.  And  hence  may  be  found  the  Planet’s  place 
in  its  orbit  for  any  given  time  after  it  has  left  the  aphe- 
lion : for  fuppofe  the  area  of  the  elliplis  be  fo  divided 
by  the  line  SG,  that  the  whole  elliptic  area  may  have 
the  fame  proportion  to  the  part  ASG,  as  the  whole  pe- 
riodical time  in  which  the  Planet  deferibes  its  whole  or- 
bit, has  to  the  given  time  ; then  will  G be  the  Planet’s 
place  in  its  orbit  lought. 

PLANETARIUM,  an  allronomical  machine,  con- 
trived to  reprefent  the  motions,  orbits,  &c,  of  the 
planets,  as  they  really  are  in  nature,  or  according  to 
the  Copernican  fyllem.  The  larger  fort  of  them  are 
called  Orreries.  See  Orrery. 

A very  remarkable  machine  of  this  fort  was  invented 
by  Uuygens,  and  deferibed  in  his  Opufe.  Pofth.  tom. 
2.  p.  157,  edit.  Amft.  1728.  And  it  is  Itill  preferved 
among  the  curiofities  of  the  univerlity  at  Leydem 

In  this  Planetarium,  the  five  primary  planets  perform 
their  revolutions  about  the  fun,  and  the  moon  performs 
her  revolution  about  the  earth,  in  the  fame  time  that 
they  are  really  performed  In  the  heavens.  Alfo  the 
orbits  of  the  moon  and  planets  are  reprefented  with 
their  true  proportions,  eccentricity,  poiition,  and  de- 
clination from  the  ecliptic  or  orbit  of  the  earth.  So 
that  by  this  machine  the  fituation  of  the  planets,  with 
the  conjunctions,  oppofitions,  &c,  may  be  known,  not 
only  for  the  prefent  time,  but  for  any  ether  time  either 
paid  or  yet  to  come  ; as  in  a perpetual  ephemeris. 

There  was  exhibited  in  London,  viz.  in  the  year 
1791,  a dill  much  more  complete  Planetarium  of  this 
fort;  called  “ a.  Planetarium  or  agronomical  machine, 
which  exhibits  the  mod  remarkable  phenomena,  mo- 
tions, and  revolutions  of  the  univerfe.  Invented,  and 
partly  executed,  by  the  celebrated  M.  Phil.  Matthew 
Plahn,  member  of  the  academy  of  fcierices  at  Erfurt. 
But  finiflied  and  completed  by  Mr.  Albert  de  Myllus.” 
This  is  a mod  dupendous  and  elaborate  machine  ; con- 
fiding of  the  folar  fydem  in  general,  with  all  the  orbits 
and  planets  in  their  due  proportions  and  pofitlons ; as 
alfo  the  feveral  particular  planetary  fyderns  of  fuch  as 
have  fatellites,  as  of  the  earth,  Jupiter,  &c  ; the  whole 
kept  In  continual  motion  by  a chronometer,  or  grand 
eight-day  clock  ; by  which  all  thefe  fydems  are  made 
perpetually  to  perform  all  their  motions  exaftly  as  in 
nature,  exhibiting  at  all  times  the  true  and  real  motions, 
pofitlons,  afpedls,  phenomena,  &c,  of  all  the  celedial 
bodies,  even  to  the  very  diurnal  rotation  of  the  planets,, 
and  the  unequal  motions  in  their  elliptic  orbits.  A 
defeription  was  publidied  of  this  mod  fuperb  machine  ; 
and  it  was  purchafed  and  fent  as  one  of  the  prefents  to 
the  emperor  of  China,  in  the  embaffy  of  Lord  Macart- 
ney, in  the  year  1793. 

But  the  Planetariums  or  orreries  now  mod  commonly 


ufed,  do  not  reprefent  the  true  times  of  the  celedial  [ : 
motions,  but  only  their  proportions;  and  are  not  kept 
in  continual  motion  by  a clock,  but  are  only  turned  [ .. 
rerund  occafionally  with  the  hand,  to  help  to  give  young  ' 
lieginners  an  Idea  only  of  the  planetary  fydem  ; as  alfo,  ; 
if  conftrufted  with  fufficient  accuracy,  to  refolve  pro-  I 
blems,  in  a coarfe  way,  relating  to  the  motions  of  the  ' 
planets,  and  of  the  earth  and  moon,  &c.  j 

Dr.  Defaguliers  (Exp.  Philof.  vol.  i,  p.  430.)  de-  I 
feribes  a Planetarium  of  his  own  contrivance,  which  is 
one  of  the  bed  of  the  common  fort.  The  machine  i»:  I 
contrived  to  be  rectified  or  fet  to  any  latitude  ; and  ||  j 
then  by  turning  the  handle  of  the  Planetarium,  all  the  ; . 
planets  perform  their  revolutions  round  the  fun  in  pro-  t 
portion  to  their  periodical  times,  and  they  carry  indices  [ 
which  fhew  the  longitudes  of  the  planets,  by  pointing  L 
to  the  dividons  graduated  on  circles  for  that  purpofe.  j 
The  Planetarium  reprefented  in  fig.  i,  plate  xxii.  L 
is  an  indiLiment  contrived  by  Mr.  Wm.  Jones,  of  HoU  ' I • 
born,  London,  mathematical  indrument  maker,  who  k < 
has  paid  confiderable  attention  to  fuch  machines,  tc)  \ -■ 
bring  them  to  a great  degree  of  fimplicity  and  perfeo  1 * 
tion.  It  reprefents  in  a general  manner,  by  various  ; 
parts  of  its  machinery,  all  the  motions  and  phenomena  i .• 
of  the  planetary  fydem.  This  machine  confids  of,  the  , : * 
Sun  in  the  centre,  with  the  Planets  in  the  order  of  their  | ' 
didance  from  him,  viz.  Mercury,  Venus,  the  Earth  1 ; 
and  Moon,  Mars,  Jupiter  with  bis  moons,  and  Saturn  1 ■ 
with  his  ring  and  moons  ; and  to  it  is  alfo  occafionally  r ■ 
applied  an  extra  long  arm  for  the  Georgian  Planet  and  I - 
his  two  moons.  To  the  earth  and  moon  is  applied  a 1 1 
frame  CD,  containing  only  four  wheels  and  two  pinions,  ,, 
which  ferve  to  preferve  the  earth’s  axis  in  its  due  pa-  1 • 
rallelifm  in  its  motion  round  the  fun,  and  to  give  the  I 
moon  at  the  fame  time  her  due  revolution  about  the 
earth.  Thefe  wheels  are  connedfed  with  the  wheel- 
work  in  the  round  box  below^,  and  the  whole  is  fet  in 
motion  by  the  winch  H.  The  arm  M that  carries  r 
round  the  moon,  points  out  on  the  plate  C her  age  and  t 
phafes  for  any  fituation  in  her  orbit,  upon  wLich  they 
are  engraved.  In  like  manner  the  arm  points  out  her  ^ 
place  in  the  ecliptic  B,  in  figns  and  degrees,  called  her  f 
geocentric  place,  that  is,  as  feen  from  the  earth.  The  j? 
moon’s  orbit  Is  reprefented  by  the  fiat  rim  A ; the  two  It; 
joints  of  it,  upon  which  it  turns,  denoting  her  nodes  ; p 
and  the  orbit  being  made  to  incline  to  any  required  V 
angle.  The  terrella,  or  little  earth,  of  this  machine,  is  » 
ufually  made  of  a three  inch  globe  papered,  See,  for  } 
the  purpofe;  and  by  means  of  the  terminating  wire  i 
that  goes  over  it,  points  out  the  changes  of  the  feafons,  ' ^ 
and  the  different  lengths  of  days  and  nights,  more  con-  * ■ 
fpicuoufly.  By  this  machine  are  feen  at  once  all  the  ^ 
Planets  in  motion  about  the  Sun,  with  the  fame  refpec-  [• 
tive  velocities  and  periods  of  revolution  which  they  have  i 
in  the  heavens  ; the  wheelwork  being  calculated  to  a ) 
minute  of  time,  fromi  the  latefi  difeoveries.  See  Mr. 
Jones’s  Defeription  of  his  new  portable  Orrery. 

PLANETARY,  fomething  that  relates  to  the  :■ 
planets.  Thus,  we  fay  Planetary  worlds,  Planetary  f 
inhabitants,  Planetai'y  motions,  Sic.  Huygens  and  p 
Fontenelle  bring  feveral  probable  arguments  for  the  t 
reality  of  Planetary  worlds,  animals,  plants,  men,  &c. 

Planetary  Syjlem,  is  the  fyftem  or  aiTemblage  of  1 
the  Planets,  primary  and  fecondary,  moving  in  their 
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refpetlive  orbits,  round  their  common  centre  the  fun. 
See  Solar  System. 

Planetary  Days.  With  the  Ancients,  the  week 
was  (hared  among  the  feven  planets,  each  planet  having 
its  day.  This  we  learn  from  Dion  Cadius  and  Pin- 
tarch,  Sympof.  lib.  4.  q.  7.  Herodotus  adds,*  that  it 
was  the  Egyptians  who  firft  difcovered  what  god,  that 
is  what  planet,  prefides  over  each  day  ; for  that  among 
this  people  the  pianet§  were  diredlors.  And  hence  it  is, 
that  in  mod  European  languages  the  days  of  the  week 
are  dill  denominated  from  the  planets ; as  Sunday, 
Monday,  &c. 

Planetary  Dials,  are  fuch  as  have  the  Planetary 
hours  infcubed  on  them. 

Planetary  Hours,  are  the  i2thpa»'tsof  the  arti- 
ficial day  and  night.  See  Planetary  Hour. 

Planetary^  Squares,  are  the  fquares  of  the  feven 
numbers  from  3 to  9,  difpofed  magically.  Cornelius 
Agrippa,  in  his  book  of  magic,  has  given  the  condruc- 
tion  of  the  feven  Planetary  fquares.  And  M.  Poig- 
nard,  canon  of  Brulfels,  in  his  treatife  on  fublime  fquares, 
gives  new,  general,  and  eafy  methods,  for  making  the 
feven  Planetary  fquares,  and  all  others  to  Infinity,  by 
numbers  in  all  forts  of progreffions.  See  Magic  fquare. 

Planetary  7'ears,  the  periods  of  time  in  which  the 
feveral  planets  make  their  revolutions  round  the  fun,  or 
earth. — As  from  the  proper  revolution  of  the  earth,  or 
the  apparent  revolution  of  the  fun,  tlie  folar  year  takes 
its  original ; fo  from  the  proper  revolutions  of  the  reft 
of  the  planets  about  the  earth,  as  many  forts  of  years 
do  arife  ; viz,  the  Saturnian  year,  which  is  defined  by 
29  Egyptian  years  174  days  58  minutes,  equivalent  in 
a I’otind  number  to  30  folar  years.  The  Jovial  year,  con- 
taining I I years  317  days  14  hours  39  minutes.  The 
Martial  year,  containing  i year  321  days  23  hours  31 
minutes.  For  Venus  and  Mercury,  as  their  years,  when 
judged  of  with  regard  to  the  earth,  are  almoft  equal  to 
the  folar  year  ; they  are  more  ufually  eftimated  from  the 
fun,  the  true  centre  of  their  motions  : in  which  cafe  the 
former  is  equal  to  224  days  16  hours  49  minutes  ; and 
the  latter  to  87  davs  23  hours  16  minutes. 

PLANIMETRY,  that  part  of  geometry  which  con- 
fiders  lines  and  plane  figures,  without  any  regard  to 
heights  or  depths. — Planimetry  is  particularly  reftricled 
to  the  menfuration  of  planes  and  other  furfaces  ; as 
contradiftingulflied  from  Stereometrv,  or  the  menfura- 
tion  of  folids,  or  capacities  of  length,  breadth  and 
depth. 

Planimetry  is  performed  by  means  of  the  fquares  of 
long  meafures,  as  fquare  inches,  fquare  feet;  fquare 
yards,  &c  ; that  is,  by  fquares  whofe  fide  is  an  inch, 
a foot,  a yard,  &c.  So  that  the  area  or  content  of 
any  furface  is  faid  to  be  found,  when  it  is  known  how 
many  fuch  fquare  inches,  feet,  yards,  &c,  it  contains. 
See  Mensuration  and  Surveying. 

PLANISPHERE,  a projection  of  the  fphere,  and  , 
its  various  circles,  on  a plane  ; as  upon  paper  or  the 
like.  In  this  fenfe,  maps  of  the  heavens  and  the  earth, 
exhibiting  the  meridians  and  other  circles  of  the  fphere, 
may  be  called  Planifpheres.  _ 

Planifphere  is  fometimes  alfo  confidered  as  an  aftro- 
nomical  Inftrument,  ufed  in  obferving  the  motions  of 
the  heavenly  bodies  ; being  a projeClion  of  the  celeflial 
fphere  upon  a plane,  reprefenting  the  ftars,  conftellations, 
Vol.  II. 


&:c,  in  their  proper  fituatious,  diftances,  Bee.  As  the 
Aftrolabe,  which  is  a common  name  for  all  fuch  pro- 
jections. 

In  all  Planifpheres,  the  eye  is  fuppofed  to  be  in  a 
point,  viewing  all  the  circles  of  the  fphere,  and  referring 
them  to  a plane  beyond  them,  againft  wdiich  the  fphere 
is  as  it  were  flattened;  and  this  plane  is  called  the 
Plane  of  Projection,  which  is  always  fome  one  of  the 
circles  of  the  fphere  itfelf,  or  parallel  to  fome  one. 

Among  the  infinite  number  of  Planifpheres  which 
may  be  furniflied  by  the  different  planes  of  projection, 
and  the  different  pofitions  of  the  eye,  there  are  two  or 
three  that  liave  been  preferred  to  the  reft.  Such  as 
that  of  Ptolomyq  where  the  plane,  of  projedtion  is  pa- 
rallel to  the  equator ; that  of  Gemma  Frifius,  where- 
the  plane  of  projection  is  the  colure,  or  folftitial  meri- 
dian, and  tlie  eye  the  pole  of  the  meridian,  being  a 
Itercographlcal  projection  : or  that  of  John  de  Royas, 
a Spaniard,  whofe  plane  of  projeCtion  is  a meridian, 
and  the  eye  placed  in  the  axis  of  that  meridian,  at  an 
infinite  diftaiice  ; being  an  orthographical  projedllon, 
and  called  the  Analeinma. 

PLANO -Co;76\7X'e  glafs  or  lens,  is  that  which  is  plane 
on  one  fide,  and  concave  on  the  other.  And 

Pl AN glafs  or  lens,  is  that  which  is  plane 
on  one  fide,  and  convex  on  the  other.  See  Lens. 

PLAT-Band,  in  ArchIteClure,  is  any^  flat  fquare 
moulding,  whofe  height  much  exceeds  its  projedture. 
Such  are  the  faces  of  an  aichitrave,  and  the  Plat- 
bands of  tlie  modillions  of  a cornice. 

PLATFORM,  in  Artillery  and  Gunneiy,  a fmall 
elevation,  or  a floor  of  wood,  ftone,  or  the  like,  on 
which  cannon,  &c,  are  placed,  for  more  conveniently 
working  and  firing  them. 

Plateorm,  in  Architedlure,  a row  of  beams  that 
fupport  the  timber-work  of  a roof,  lying  on  the  top  of 
the  walls,  where  the  entablature  ought  to  be  raifed. 
Alfo  a kind  of  flat  walk,  or  plane  floor,  on  the  top  of  a 
building  ; from  whence  a fair  view  may  be  taken  of  the 
adjacent  grounds.  So,  an  edifice  is  faid  to  be  covered 
with  a Platform,  when  It  has  no  arched  roof. 

PLAl’O,  one  of  the  moft  celebrated  among  the 
ancient  phllofophers,  being  the  founder  of  the  feCt  of 
the  Academics,  was  the  fon  of  Arifto,  and  born  at 
Athens,  about  429  years  before  Chrift.  He  was  of  a 
royal  and  illuftrious  family,  being  defeended  by  his  fa- 
ther from  Codrus,  and  by  his  mother  from  Solon.  The 
name  given  him  by  his  parents  w'as  ; but  be- 

ing ot  a robuft  make,  and  remaikably  broad-fhouldered, 
from  this  circumftance  he  was  nick-named  Plato  by  his 
wreftling-mafter,  wdiich  name  he  retained  ever  after. 

From  his  Infancy,  Plato  diftinguiftied  hlrnfelf  by  his 
lively  and  brilliant  imagination.  He  eagerly  imbibed 
the  principles  of  poetry,  mufic,  and  painting.  The 
charms  of  philofophy  however  prevailing,  drew  him 
from  thofe  of  the  fine  arts  ; and  at  the  age  of  twenty  he 
attached  himfelf  to  Socrates  only,  who  called  him  the 
Sauan  of  the  Academy,  The  dliciple  profited  fo  w^ell  of 
his  mailer’s  leffons,  that  at  twenty-five  years  of  age  he 
had  the  reputation  of  a confummate  fage.  He  lived 
with  Socrates  for  eight  years,  in  which  time  he  com- 
mitted to  wmiting,  according  to  the  cuftom  of  the 
ftudents,  the  purport  of  a great  number  of  his  mafter’s 
excellent  lectures,  which  he  digefted  by  w^ay  of  philofo- 
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pTiical  converfatjons  j but  made  fo  mraiy  judicious  ad- 
clilions  and  improvements  of  his  own,  that  Socrates, 
hearing  him  one  day  recite  his  Lyfis,  cried  out,  O 
I lercules  ! how  many  hue  fentim.ents  does  this  young 
man  aferibe  to  me,  that  1 never  thought  of!  And 
I^aertius  ahures  us,  that  be  compofed  feveral  diicouriCs 
which  Socrates  had  no  manner  of  hand  in.  At 
the  time  wdien  Socrates  was  hrft  arraigned,  Plato  Avas 
a junior  fenator,  and  he  affumed  the  orator’s  chair  to 
plead  his  maher’a  caiife,  but  was  interrupted  in  that  de- 
f]gn,  and  the  judges  pafTed  fchtence  of  condemnation 
upon  Socrates.  Upon  this  occafion  Plato  begged  him 
to  accept  from  him  a fum  of  money  fufficient  to  pur- 
chafe  his  enlargement,  but  Socrates  peremptorily  re- 
fufed  the  generous  offer,  and  fuffered  himfeif  to  be  put 
to  death. 

The  phllofophers  who  were  at  Athens  were  fo 
alarmed  at  the  death  of  Socrates,  that  mofl:  of  them 
fled,  to  avoid  the  cruelty  and  injullice  of  the  govern- 
ment. Plato  retired  to  Megara,  where  he  was  kindly 
entertained  by  Euclid  the  philofopher,  who  had  been 
one  of  the  fiiil:  fcholars  of  Socrates,  till  the  ftorm  fhould 
be  over.  Afterw^ards  he  determined  to  travel  in  pur- 
fuit  of  knowledge  ; and  from  Megara  he  \vent  to  Italy, 
where  he  conferred  with  Eurytus,  Philolaus,  and  Archy- 
tas,  the  mofl  celebrated  of  the  Pythagoreans,  from 
whom  he  learned  all  his  natural  philofophy,  diving 
into  the  mofl  profound  and  myfferious  fecreto  of  the 
Pythagoric  doSlrines.  But  perceiving  other  know- 
ledge to  be  connedled  with  them,  he  went  to  Cyrene, 
where  he  fludied  geometry  and  other  branches  of  ma- 
thematics under  Theodorus,  a celebrated  mailer. 

Hence  he  travelled  into  Egypt,  to  learn  the  theology 
of  their  priefts,  with  the  fciences  of  arithmetic,  aflro- 
nomy,  and  the  nicer  parts  of  geometry.  Having  taken 
alfo  a furvey  of  the  country,  with  the  couife  of  the 
Nile  and  the  canals,  he  fettled  fome  time  in  the  province 
of  Sais,  learning  of  the  fages  there  their  opinions  con- 
cerning the  unlverfe,  whether  it  had  a beginning,  whe- 
ther it  moved  wholly  or  in  part,  &c  ; alfo  concerning 
the  immortality  and  tranfmigration  of  fouls  : and  here 
it  is  alfo  thought  he  had  fonic  communication  with  tlie 
books  of  Mofes. 

Plato’s  curiofity  v/as  not  yet  fatisfied.  He  travelled 
into  Perfia,  to  confult  the  magi  as  to  the  religion  of 
that  country.  He  defigned  alfo  to  have  penetrated  into 
India,  to  learn  of  the  Brachmans  their  manners  and 
cuffoms  ; but  was  prevented  by  the  w^ars  in  Aha. 

Afterwards,  returning  to  Athens,  he  applied  himfeif 
to  the  teaching  of  philofophy,  opening  his  fchool  in 
the  Academia,  a place  of  exercife  in  the  fuburbs  of  the 
city ; from  whence  it  was  that  his  followers  took  the 
name  of  Academies. 

Yet,  fettled  as  he  was,  he  made  feveral  exciirhons 
abroad  : one  in  particular  to  Sicily,  to  view  the  fiery 
ebullitions  of  Mount  Etna.  Dionyhus  the  tyrant  then, 
reigned  at  Syracufe  ; a very  bad  man.  Plato  however 
went  to  vifit  him  ; but,  inftead  of  flattering  him  like  a 
courtier,  reproved  him  for  the  diforders  of  his  court, 
and  the  injullice  of  his  government.  The  tyrant,  not 
ufed  to  dilagreeable  truths,  grew  enraged  at  Plato,  and 
would  have  put  him  to  death,  if  Dion  and  Arillomenes, 
formerly  his  feholars,  and  then  favourites  of  that  prince, 
had  not  powerfully  interceded  for  him,  Uionyfius 


however  delivered  him  into  the  hands  of  an  envoy  of  the  ■ 
Lacedemonians,  who  were  then  at  war  with  the  Athe- 
nians; and  this  envoy,  touching  upon  the  coall  of 
Argina,  fold  him  for  a flave  to  a merchant  of-  Cyrene  ; j 
who,  as  foon  as  lie  had  bought  him,  liberated  him,  and  ' ' 
fent  him  home  to  Athens. 

Some  time  after,  he  made  a fecond  voyage  into  Sicily,  , 
in  the  reign  of  DIonyfms  the  younger  ; who  fent  Dion,  , 
his  miniller  and  favourite,  to  invke  him  to  court,  that  [ 
he  might  learn  from  him  the  art  of  governing  his  peo-  . 
pie  well.  Plato  accepted  the  invitation,  and  went ; but  \. 
the  intimacy  between  Dion  and  Plato  raifing  jealoufy  r. 
in  the  tyrant,  the  former  was  difgraced,  and  the  latter  ^ 
fent  back  to  Athens.  But  Dion,  being  taken  into  fa-  ► 
vour  again,  perfuaded  Dior.yfius  to  recall  Plato,  who  i 
received  him  with  all  the  marks  of  goodwill  and  friend-  r 
Ihip  that  a great  prince  could  give.  He  fent  out  a fine 
galley  to  meet  him,  and  went  himfeif  in  a magnificent  c 
chariot,  attended  by  all  his  court,  to  receive  him.  But  r 
this  prince’s  uneven  temper  hurried  him  iipto  new  fuf-  I 
picions,  It  feems  indeed  that  thefe  apprehenfions  were  [ 
not  altogether  groundlefs  : for  JEVmu  fays,  and  Cicero  « 
was  of  the  fame  opinion,  that  Plato  taught  Dion  how  [• 
to  difpatch  the  tyrant,  and  to  deliver  the  people  from 
oppreflion.  However  this  may  be,  Plato  was  offended  ^ 
and  complained  ; and  Dionyfius,  incenfed  at  thefe  com-  r 
plaints,  refolved  to  put  him  to  death  : but  Archytasj,.  L 
who  had  great  interefl  -with  the  tyrant,  being  informed  I 
of  it  by  Dion,  interceded  for  the  philofopher,  and  ob- 
tained leave  for  him  to  retire. 

The  Athenians  received  him  joyfully  at  his  return^,  j, 
and  offered  him  the  adrainiflration  of  the  government;  i 
but  he  declined  that  honour,  choofing  rather  to  live  | 
quietly  in  the  Academy,  in  the  peaceable  contemplation 
and  lludy  of  philofophy  ; being  indeed  fo  defirous  of  a | 
private  retirement  that  he  never  married.  His  fame 
drew  difciples  from  all  parts,  when  he  would  admit  j 
them,  as  well  as  invitations  to  come  to  refide  in  many  I 

of  the  other  Grecian  Hates  ; but  the  three  that  mofl  I 

diftinguiflied  themfelves,  were  Spufippus  his  nephew,, 
who  continued  the  Academy  after  him,  Xenocrates  the 
Caledonian,  and  the  celebrated  Ariflotle.  It  is  faid  1. 
alfo  that  Theophraflus  and  Demofthenes  were  two  of  ' 
his  difciples.  He  had  it  feems  fo  great  a refpeefl:  for 
the  fcience  of  geometry  and  the  mathematics,  that  he 
had  the ' following  infeription  painted  in  large  letters 
over  the  door  of  his  academy;  Let  no  one  enter 
HERE,  UNLESS  HE  HAS  A TASTE  FOR  GeoMETRY  AND- 

THE  Mathematics  ! i| 

But  as  his  great  reputation  gained  him  on  the  one  1 1 
hand  many  difciples  and  admirers,  fo  on  the  other  it 
railed  him  foms  emulators,  efpecially  among  his  fellow- 
difciples,  the  followers  of  Socrates.  Xenophon  and  he 
were  particularly  difafteAed  to  each  other.  Plato  was  ‘ 
of  fo  quiet  and  even  a temper  of  mind,  even  in  his  youth  j>. 
that  he  never  was  known  to  exprefs  a pleafure  with  any 
greater  emotion  than  that  of  a fmile  ; and  he  had  fuch-  1 
a perfe6l  command  of  his  paflions,  that  nothing  could 
provoke  his  anger  or  refentment ; from  hence,  and  the 
fubiedl  and  llyle  of  h is  writings,  he  acquired  the  ap- 
pellation of  the  Di'vtne  Plato.  But  although  he  was  1 
naturally  of  a referved  and  very  penfive  difpofition  ; yet,, 
according  to  Ariflotle,  he  was  affable,  courteous,  and  ‘ 
perfe<Bly  good-natured  ; and  fometimes  would  conde- 
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ifce^cl  to  crack  little  innocent  jokes  on  his  intimate  ac- 
quaintances. Of  his  affability  there  needs  no  greater 
proof  than  his  civil  manner  of  converfing  with  the 
philofophers  of  his  own  times,  when  pride  and  eovy 
were  at  their  height.  His  behaviour  to  Diogenes  is 
always  mentioned  ia  his  hiflory.  This  Cynic  w'as 
greatly  offended,  it  feems,  at  the  politenefs  and  fine 
tafle  of  Plato,  and  ufed  to  catch  all  opportunities  of 
fnarling  at  him.  Dining  one  day  at  his  table  with  other 
company,  when  trampling  upon  the  tapefliy  with  his 
dirty  feet,  he  uttered  this  briitifli  farcafm,  “ I trample 
upon  the  pride  of  Plato  to  w'hich  the  latter  wifely 
and  calmly  replied,  “ with  a greater  pride.’’ 

This  extraordinary  man,  being  arrived  at  8 r years  of 
age,  died  a very  eafy  and  peaceable  death,  in  the  midfl 
of  an  entertainment,  according  to  fome  ; but,  according 
to  Cicero,  as  he  was  writing.  Both  the  life  and  death 
of  this  philofophdr  were  calm  and  iindiif  urbed  ; and  in- 
deed he  was  finely  compofed  for  happinefs.  Befide  the 
advantages  of  a noble  birth,  he  had  a large  and  coinpre- 
henfive  underffanding,  avaltfund  of  wit  and  good  talle, 
great  evennefs  and  fweetnefs  of  temper,  all  cultivated 
and  refined  by  education  and  travel ; fo  that  it  is  no 
wonder  he  was  honoured  by  his  countrymen,  cfleemed 
by  flrangers,  and  adored  by  his  fcbolars.  Tuliy  per- 
fedfly  adored  him  : he  tells  us  that  he  was  juflly  called 
by  Panfctlus,  the  divine,  the  moft  wife,  the  moll  facred, 
the  Homer  of  philofophers;  thinks,  that  if  Jupiter 
had  fpokerv  Greek,  he  would  have  done  it  in  Plato’s 
flyle.  See.  But,  panegyric  afide,  Plato  was  certainly  a 
very  wonderful  man,  of  a large  and  comprehenfive  mind, 
an  Imagination  infinitely  fertile,  and  of  a mofl  flowing 
and  copious  eloquence.  However,  the  flrength  and 
heat  of  fancy  prevailing  over  judgment  in  his  compofi- 
tion,  he  was  too  apt  to  foar  beyond  the  limits  of  earthly 
things,  to  range  in ^ the  Imaginary  regions  of  general 
and  abflradled  ideas  ; on  which  account,  though  there  is 
always  a greatnefs  and  fubllmity  In  his  manner,  he  did 
Eot  philofophize  fo  much  according  to  truth  and  nature 
as  Ariftotle,  though  Cicero  did  not  fcruple  to  give  him 
the  preference. 

The  writings  of  Plato  are  all  in  the  way  of  dialogue, 
where  he  feems  to  deliver  nothing  from  hlmfelf,  but 
every  thing  as  the  fentiments  and  opinions  of  others,  of 
Socrates  chiefly,  of  Timmiis,  See,  His  ftylc,  as  Arl- 
llotle  obferved,  Is  between  profe  and  verfc  ; on  which 
account  fome  have  not  fcrupled  to  rank  him  among  the 
poets : and  indeed,  befide  the  elevation  and  grandeur  of 
his  flyle,  his  matter  is  frequently  the  offspring  of  Ima- 
gination, inflead  of  do6lrines  or  truths  deduced  from 
nature.  The  firfl  edition  of  Plato’s  works  in  Greek, 
was  printed  by  Aldus  at  Venice  In  1513  : but  a I.^atin 
verfion  of  them  by  Marlilius  P’IcInus  iiad  been  printed 
there  in  1491.  They  were  reprinted  together  at  Lyons 
in  1 588,  and  at  Franefort  in  1602.  The  famous  printer 
Henry  Stephens,  in  1578,  gave  a beautiful  and  corr-e6l 
edition  of  Plato’s  works  at  Paris,  with  a new  Latiu 
verfion  by  Serraiius,  in  three  volumes  folio. 

PLATONIC,  fomething  that  relates  to  Plato,  his 
fchool,  philofophy,  opinions,  or  the  like. 

PLATONIC  Bod'usy  fo  called  from  Plato  who 
treated  of  them,  are  what  are  otherwife  called  the  re- 
gular bodies.  They  are  five  In  number  ; the  tetraedron, 
the  hexaedron,  the  odlacdron,  the  dodecaedron,  and 


the  icofaedron.  See  each  of  thefe  articles,  as  alfo 
Regular  Bodies, 

Platonic  Tear,  or  the  Great  Tear,  is  a period  of 
time  determined  by  the  revolution  of  the  equinoxes,  or 
the  time  In  which  the  ftais  and  conflellations  return  to 
their  former  places,  In  refpeeff  of  the  equinoxes. 

The  Platonic  y^ear,  according  to  Tycho  Brahe,  is 
25816  folar  years,  according  to  Riccioli  25920,  and 
according  to  CafTinl  24800  years. 

This  period  being  once  accomplifhed,  it  was  an  opi- 
nion among  the  ancients,  that  the,  world  was  to  begin 
anew,  and  the  fame  feries  of  things  to  return  over 
again. 

PLATONISM,  the  dodlrine  and  fentiments  of 
Plato  and  his  followers,  with  regard  to'philofophy,  &c. 
His  difciples  were  called  Academics,  from  Academia, 
the  name  of  a villa  In  the  fuburbs  of  Athens  where  he 
opened  his  fchool.  Among  thefe  were  Xenocrates, 
Ariftotle,  Lycurgus,  Demoftlieiics,  and  Ifocrates.  In 
phyfics,  he  chiefly  followed  Heraclitus ; in  ethics  and 
politics,  Socrates  ; and  In  metaphyfics,  Pythagoras. 

After  his  death,  two  of  the  principal  of  his  difciples, 
Xenocrates  and  Ariftotle,  continuing  his  office,  and 
teaching,  the  one  in  the  Academy,  the  other  in  the 
Lycicnm,  formed  two  feCls,  under  different  names, 
though  In  other  rcfpedls  the  fame  ; the  one  retaining 
the  denomination  of  Academics,  tlie  other  affuming 
that  of  Peripatetics.  See  thefe  two  articles. 

Afterwards,  about  the  time  of  the  firfl  ages  of  Chrif- 
tlanlty,  the  followers  of  Plato  quitted  the  title  of 
Acadeintjls,  and  took  that  of  Platonijis,  It  is  fuppofed 
to  have  been  at  Alexandria,  m Egypt,  that  they  firft 
affumed  this  new  title,  after  having  reftored  the  ancient 
academy^,  and  re-cftabllflied  Plato’s  fentiments  ; which 
had  many  of  them  been  gradually  dropped  and  laid 
afide.  Porphyry,  Plotin,  lamblichus,  Proclus,  and 
Plutarch,  are  thofe  who  acquired  the  chief  reputation 
among  the  Greek  Flatonifls  ; Apulelus  and  Chalcidius, 
among  the  Latins  ; and  Philo  Judseus,  among  the  He- 
brews. The  modern  Platonifts  own  Plotin  the  founder, 
or  at  leaft  the  reformer,  of  their  fedl. 

The  Platonic  philofophy  appears  very  confiftent  with 
the  Mofaic  ; and  many  of  the  primitive  fathers  follow 
the  opinions  of  that  philofopher,  as  being  favourable  to 
Chriftlanity.  Juftin  is  of  opinion  that  there  are  many 
things  in  the  works  of  Plato  which  this  phllofopher 
could  not  learn  from  mere  natural  reafon  ; but  thinks 
he  mull  have  learnt  them  from  the  books  of  Mofes, 
which  he  might  have  read  when  in  Egypt.  Hence 
Numenius  the  Pythagorean  exprefsiy  calls  Plato  the 
Attic  Mofes,  and  upbraids  him  with  plagiarifm  ; be- 
oaufe  he  ftolc  his  dodirine  concerning  God  and  the 
world  from  the  books  of  Mofes.  Theodoret  lays  ex- 
prcfslyq  that  he  has  nothing  good  and  commendable 
concerning  the  Deity  and  his  worfhip,  but  what  he 
took  from  the  Hebrew  theology  ; and  Clemens  Alex- 
andrinus  calls  him  the  Hshre^cv  Phllofopher,  Gale  is 
very  particular  in  his  proof  of  the  point,  that  Plato 
borrowed  his  philofophy  from  the  Scriptures,  either 
immediately,  or  by  means  of  tradition  ; and,  befide  the 
authority  of  the  ancient  writers,  he  brings  fome  argu- 
ments from  the  thing  ilfelf.  For  example,  Plato’s  coii- 
feffion,  that  the  Greeks  borrowed  their  knowledge  of 
the  one  Infinite  God,  from  an  ancient  people,  better  2nd 
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nearer  to  Godtlian  they  ; by  which  people,  our  author 
makes  no  doubt,  he  meant  the  Jews,  from  his  account 
of  the  Rate  of  innocence  ; as,  that  man  Vims  born  of  the 
earth,  that  he  w^as  naked,  that  he  enjoyed  a truly  hap- 
py Rate,  that  he  converfed  with  brutes,  &c.  In  fadt, 
from  an  examination  of  all  the  parts  pi  Plato’s  philo- 
fophy,  phyfical,  metaphyfical,  and  ethical,  this  author 
finds,  in  every  one,  evident  marks  of  its  facred  original. 

As  to  the  manner  of  the  creation,  Plato  teaches,  that 
the  world  w'as  made  according  to  a certain  exemplar, 
or  idea,  in  the  divine  arcliitedl's  mind.  And  all  things 
in  the  univerfe,  in  like  manner,  he  iliews,  do  depend  on 
the  efficacy  of  internal  ideas.  This  ideal  world  is  thus 
explained  by  Didymns  : ‘ Plato  fuppofes  certain  pat- 

terns, or  exemplars,  of  all  fenfible  things,  which  he  calls 
ideas  ; and  as  there  may  be  various  impreffions  taken  off 
from  the  fame  feal,  fo  he  lays  are  there  a vail  number 
of  natures  exifting  from  each  idea.’  1 his  idea  he  fup- 
pofes to  be  an  eternal  elfence,  and  to  occafion  the  feve- 
ral  things  in  nature  to  be  fuch  as  itielf  is.  And  that 
moll  beautiful  and  perfedt  idea,  which  comprehends  all 
the  reft,  he  maintains  to  be  the  world. 

Farther,.  Plato  teaches  that  the  univerfe  is  an  intelli- 
gent animal,  confifting  of  a body  and  a foul,  which  he 
calls  generated  God^  by  way  of  diftindlion  from  what 
he  calls  the  Immutable  ejfence^  who  was  the  caufe  of  the 
generated  God,  or  the  univerfe. 

According  to-  Plato,  there  were  two  forts  of  inferior 
and  derivative  gods  ; the  mundane  gods,  all  of  which 
had  a temporary  generation  with  the  world  ; and  the 
fnpran'iundane  eternal  gods,  which  w^ere  all  of  them,  one 
excepted,  produced  from  that  one,  and, dependent  on  it 
as  their  caufe.  Dr.  Cud  worth  fays,  that  Plato  afferted 
a plurality  of  gods,  meaning  animated  or  intelledlual 
beings,  or  daemons,  fuperior  to  men,  to  wdiom  honour 
and  worftdp  are  due  ; and  applying  the  appellation  to 
the  fun,,  moon,  and  ftars,  and  alfo  to  the  earth..  Pie 
afterts  how^ever,  at  the  fame  time,  that  there  was  one 
fupreme  God,  the  felf  originated  being,  the  maker  of 
the  heaven  and  earth,  and  of  all  thofe  other  gods.  He 
alfo  maintains,  that  the  Pfyehe,  or  univerfal  mundane 
foul,  which  is  a felf-raoving  principle,  and  the  imme- 
diate canfe  of  all’ the  motion  in  the  world,  was  neither 
eternal  nor  felf  exiftent,  but  made  or  produced  by  God 
in  time  ; and  above  this  felf-moving  Pfyehe,  but  fub- 
ordinate  to  the  Supreme  Being,  and  derived  by  emana- 
tion from  him,  he  fuppofes  an  immoveable  Nous  or  in- 
telledl,  which  w'as  properly  the  Demiurgus,  or  framer 
of  the  world. 

The  firft  matter  of  which  this  body  of  the  univerfe 
was  formed,  he  obferves,  was  a rude  indigefted  heap,  or 
chaos  ; Now,  adds  he,  the  creation  was  a mixed  pro- 
dudlion  ; and  the  world  is  the  refuit  of  a combination  of 
neceftity  and  nnderflanding,  that  is,  of  matter,  which 
he  calls  neceffity,  and  the  divine  wdfdom  : yet  fo  that 
mind  rules  over  neceffity;  and  to  this  neceffity  he 
aferibes  the  introdudlion  and  prevalence  both  of  moral 
and  natural  evil. 

The  principles,  or  elements,  which  Plato  lays  down, 
are  fire,  air,  water,  amd  earth.  He  fuppofes  two  hea- 
vens, the  Empyrean,  which . he  takes  to  be  of  a fiery 
nature,  and  to  be  inhabited  by  angels,  &c  ; and  the 
Starry  heaven,  which  he  teaches  is  not  adamantine,  or 
folid,  but  liquid  and  fpirable, . 


With  regard  to  the  human  foul,  Plato  maintained 
its  tranfrnigration,  and  confequently  its  future  immor- 
tality and  pre-exiftence.  He  afferted,  that  human  fouls 
are  here  in  a lapfed  ftate,  and  that  fouls  finning  fhould 
fall  down  into  thefe  earthly  bodies.  Eufebins  ex- 


prefsly  fays,  that  Plato  held  the  foul  to  be  ungene- 
rated, and  to  be  derived  by  emanation  from  the  firft  - 


caufe. 

liis  phyfics,  or  dodlrlne  de  corpore^  is  chiefly  laid 
down  in  his  Timasus,  where  he  argues  on  the  properties 
of  body  in  a geometrical  manner  ; whicn  Ariftotle  takes 
occafion  to  reprehend  in  him.  His  dodrrine  de  raente 
is  delivered  in  his  icth  Book  of  Laws,  and  bis  Par« 
menides, 

■ St.  Aiiguftine  commends  the  Platonic  philofophy  ; 
and  even  fays,  that  the  Platonifts  were  not  far  from 
Chriftianity.*  It  is  alfo  certain  that  moft  of  the  cele- 
brated fathers  were  Platonifts,  and  borrov/ed  many  of 
their  explanations  of  feripture  from  the  Platonic  fyftem. 
To  account  for  this  fa^dl,  it  may  be  obferved,  that  to- 
wards the  end  of  the  fecond  century,  a new  ftdl  of 
pliilofophers,  called  the  modern,  or  later,  Platonics^ 
arofe  of  a fudden,  fpread  with  amazing  rapidity  through 
the  greateft  part  of  the  Roman  empire,  fwallovi^ed  up 
alm.oft  all  the  other  fedls,  and  proved  very  detrimental 
to  Chriftianity. 

The  fchool  of  Alexandria  in  Egypt,  inftituted  by 


renewed  and  reformed  the 


Fla- 
diftin- 


Ptolomy  Philadelphus, 

tonic  philofophy.  The  votaries  of  this  fyftem 
guiffied  themfelves  by  the  title  of  Platonics,  becaufe 
they  thought  that  the  fentiments  of  Plato  concerning 
the  Deity  and  invifible  things,  were  much  more  rational 
and  fublime  than  thofe  of  the  other  philofophers.  This, 
new  fpecies  of  Platonifra  was  embraced  by  fueh  of  the 
Alexandrian  Chriftians  as  were  defirous  to  retain,  with 
the  profeiTion  of  the  gofpel,  the  title,  the  dignit)q  and  the 
habit  of  philofophers.  Ammonins  Saccas  was  its  princi- 
pal founder,  wffio  was  fucceeded  by  his  difciple  Plotinus, 
as  this  latter  w^as  by  Porphyry,  the  chief  of  thofe 
formed  in  his  fchool.  From  the  time  of  Ammonias 
until  the  fixth  century,  this  was  almoft  the  only  fyftem. 
of  philofophy  publicly  taught  at  Alexandria.  It  was 
brought  into  Greece  by  Plutarch,  who  renevv'ed  at 
Athens  the  celebrated  Academy,  from  whence  ilTued 
manv  illnftrious  philofophers.  The  general  principle 


on  which  this  fed  was  founded,  was,  that  truth  was  to 


be  purfued  with  the  utmoft  liberty,  and  to  be  coiledted. 
from  all  the  different  fyftems  in  which  it  lay  difperfed^-. 
But  none  that  were  defirous  of  being  ranked  among 
thefe  new  Platonifts,  called  in  queftlon  the  main  doc- 
trines ; thofe,  for  example,  \\’hich  regarded  the  exlft- 
ence  of  one  God,  the  fountain  of  all  things  ; the  eter- 
nity of  the  world  ; the  dependance  of  matter  upon  the 
Supreme  Being  ; the  nature  of  fouls ; the  plurality  of 
gods,  &c. 

In  the  fourth  century,  under  the  reign  of  Valen- 
tinlan,  a dreadful  ftorm  of  perfecution  arofe  againft 
the  Platonifts  ; many  of  whom,  being  accufed  of  magi- 
cal pradiccs,  and  other  heinous  crimes,  were  capitally 
CO  11 V idled. 

In  the  fifth  century  Proclus  gave  new  life  to  the 
dcdlrlne  of  Plato,  and  reftored  it  to  its  former  credit 
in  Greece  ; with  whom  concurred  many  of  the  Chri- 
ftia^i  dodlors,  who  adopted  the  Platonic  fyftem.  The 
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platonic  pliilofopliers  were  generally  oppofers  of  Chrif- 
tianity  ; but  in  the  fixth  century,  Chalcidius  gave  the 
Pagan  fyllem  an  evangelical  afpefi:  ; and  thofe  who,  be- 
fore it  became  the  religion  of  the  Hate,  ranged  them- 
felves  under  the  llandard  of  Plato,  now  repaiitd  to  that 
of  Chrilt,  without  any  great  change  of  their  fydem. 

Under  the  emperor  Jullinian.  who  ilTued  a particular 
edidt,  prohibiting  the  teaching  of  pliilofophy  at  Athens, 
which  ed^ft  ieems  to  have  been  levelled  at  modern  Pla- 
tonifm,  all  the  celebrated  philofophers  of  this  fedt  took 
refuge  among  the  Perfians,  who  were  at  that  time  the 
enemies  ol  Rome  ; and  though  they  retunied  from  their 
voluntary  exile,  when  the  peace  was  coricluded  between 
the  Perfians  and  Romans,  in  533,  tlvey  could  never  re- 
cover their  former  credit,  nof  obtain  the  diredtioii  of  the 
public  fchools, 

Platonifm  however  prevailed  among  the  Greeks,  and 
was  by  them,  and  particularly  by  Gernillius  Pletho,  in- 
troduced into  Italy,  and  eftabliflred,  under  the  anfpices 
of  Cofmo  de  Medicis,  about  the  year  1439,  who  ordered 
IVIarfilius  Ficinus  to  trauflate  into  Latin  the  works  of 
the  moft  renowned  Platoniils. 

PLATONIS'PS,  ihe  lullowers  of  Plato  ; othervvife 
called  Academics,  from  Academia,  the  name  of 
the  place  that  philofopher  chofe  for  his  refidence  at 
Athens. 

PLEIADES,  an  affemblage  of  feven  bars  in  the 
neck  of  the  conllcllation  Taurus,  the  bull  ; although 
there  are  now  only  fix  of  them  vifible  to  the  naked  eye. 
The  largell  of  theie  Is  of  the  third  magnitude,  and  called 
Lucido  Pleiadum. 

The  Greeks  fabled,  that  the  name  Pleiades  was  given 
to  tbefe  ilars  from  feven  daughters  of  Atlas  and  Pleione 
one  of  the  dauglitcrs  of  Oceanus,  who  having  been  the 
nurfes  of  Bacchus,  were  for  their  fervices  taken  up  to 
heaven  and  placed  there  as  ftars,  where  they  hill  Ihine. 
The  meaning  of  wLich  fable  may  be,  that  Atlas  firft 
obferved  thefe  ftars,  and  called  them  by  the  names  of 
the  daughters  of  his  wife  Pleione. 

PLENILUNIUM,  the  full-moon. 

PLENUM,  in  Phyfics,  fignifies  that  ftate  of  things, 
in  which  every  part  of  fpace,  or  extenfion,  Is  fuppofed 
to  be  full  of  matter  : in  oppohtion  to  a V'acuum,  which 
is  a fpace  devoid  oPall  matter. 

The  Cartefians  held  the  dodlrine  of  an  abfolute  Ple- 
num ; namely  on  this  principle,  that  the  elfence  of 
matter  confilU  In  extenfion  ; and  cunfequently,  there 
lieing  every  where  extenfion  or  fpace,  there  is  every 
where  matter 
queftion. 

PLINTH,  in  Architeflure,  a flat  fquare  member  in 
form  of  a brick' or  tile  ; ufed  as  the  foot  or  foundation 
of  columns  and  pillars,  Sic. 

PLOT,  in  Surveying,  the  plan  or  draught  of  any 
parcel  of  gremd  ; as  a field,  farm,  or  manor,  &c. 

PLOTTING,  in  Surveying,  the  deferibing  or  laying 
down  on  paper,  the  feveral  angles  and  lines,  &c,  of  a 
tradl  of  land,  that  has  been  inrveyed  and  meafured. 

Plotting  is  ufually  performed  by  two  inftruments, 
, the  protractor  and  Ploiling-fcale  ; the  former  ferving 
to  lay  off  all  the  angles  that  haee  been  meafured  and  fet 
down,  and  the  latter  all  the  meafured  lines.  See  thefe 
two  inftruments  under  their  refpeCtive  names. 

IIlotting  ^caU^  a mathematical  iiillrument  chiefly 


: wdilch  Is  little  better  than  begging  the 


ufed  for  the  plotting  cf  grounds  in  furveying,  or  fetting 
off  the  lengths  of  the  lines.  It  is  either  6,  q,  or  12 
inches  in  length,  and  about  an  inch  and  halt  broad  ; 
being  made  either  of  box-wood,  brafs,  ivory,  or  filver  ; 
thofe  of  Ivory  are  the  neateft. 

This  inftrument  contains  various  fcales  or  divided 
lines,  on  both  fides  of  it.  On  the  one  fide  arc  a number 
of  plane  fcales,  or  fcales  of  eq’ud  divi Pious,  each  of  a 
different  number  to  the  inch  ; as  alfo  fcales  of  chords, 
for  laying  down  angles  ; and  fometimes  even  the  degrecs- 
of  a circle  marked  on  one  edg-*,  anfwering  to  a centre 
marked  on  the  oppofite  edge,  by  which  means  it  ierves 
alfo  as  a protractor.  On  the  other  fide  are  leverai 
diagonal  fcales,  of  different  fizes,  ©r  different  divifions 
to  the  Inch  ; ferving  to  take  off  lines  expreffed  by  num- 
bers to  three  dimenfions,  as  units,  tens,  and  hundreds  ; 
as  alfo  a fcale  of  divifions  which  are  the  looth  parts  of  a 
foot.  But  the  moft  ufeful  of  all  the  lines  that  can  be  laid 
upon  this  inftrument,  though  not  always  done,  is  a line 
or  plane  fcale  upon  the  two  oppofite  edges,  made  thin 
for  that  purpofe.  This  Is  a very  ufeful  line  in  furveying  ; 
for  by  laying  the  Inftrument  down  upon  the  paper,  with 
its  divided  edge  along  a line  upon  which  are  to  be 
laid  off  feveral  diftances,  for  the  places  of  off-fets,  &c  ; 
thefe  diftances  are  all  transterred  at  once  from  the  in- 
llrument  to  the  line  on  the  paper,  by  making  fmall 
marks  or  points  againft  the  relpeCtive  divifions  on  the 
edge  of  the  fcale.  See  fig.  2 & 3,  plates  xxi  and  xxii,. 

V LOTT  IK  G-Tahle,  in  Surveying,  is  ufed  for  a plane 
table,  as  improved  by  Mr.  Beighton,  who  has  obviated 
a good  many  inconvenlencies  attending  the  life  of  the 
common  plane  table.  See  Philo f.  Tranf.  numb.  46:*, 
feel.  I. 

PLOUGH,  or  Plow,  In  Navigation,  an  ancient 
mathematical  inftrument,  made  of  box  or  pear-tree, 
and  ufed  to  take  the  height  of  the  fun  or  ftars,  In  or- 
der to  find  the  latitude.  This  inftrument  admits  of  the 
degrees  to  be  very  large,  and  has  been  much  efteemed 
by  many  artifts  ; though  now  quite  out  of  Life. 

PLLTMB-Line,  a term  among  artificers  for  a line 
perpendicular  to  the  horizon. 

PLUMMET,  Plumb-rule,  or  Plumb-line,  an 
inftrument  ufed  by  malons,  carpenters,  &c,  to  draw 
perpendiculars  ; in  order  to  judge  whether  w'alls,  &c, 
be  upright,  or  planes  horizontal,  and  the  like. 

PLLTNGER,  In  Mechanics,  a folid  brafs  cylinder,, 
ufed  as  a forcer  in  forcing  pumps, 

PDUS,  In  Algebra,  the  arfirmatlvc  or  pofitlve  fign, 
+ , fign  ifying  more  or  addition,  or  that  the  quantity 
following  it  Is  cither  to  be  confidcred  as  a pofitive  cr 
affirmative  quantity,  or  that  it  is  to  be  added  to  the 
other  quantities;  fo  4 6 =:  ic,  is  read  thus,  4 plus. 

6 is  equal  to  10.  See  Affirmative  Sign, 

The  more  early  writers  of  Algebra,  as  Lucas  de 
Burgo,  Cardan,  Tartaglia,  &c,  wrote  the  word  moftly 
at  full  length.  Afterwards  the  word  was  contraTed  or 
abbreviated,  ufing  one  or  tw'o  of  Its  firft  letters  ; which 
Initial  was,  by  the  Germans  I think,  corrupted  to  the 
prefent  character  -ft  ; which  I find  firft  ufed  by  Stife- 
lius,  printed  in  his  Arithmetic. 

PUUVIAMEPER,  a machine  for  meafuring  the 
quantity  of  rain  that  falls.  There  is  deferred  in  the 
Philof.  Tranf.  (numb.  473,  or  Abridg.  x.  456),  by 
Robert  Pickering,  under  the  name  of  an  Ombrameter, . 
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;svti  lufiruTn^nt  of  this  kind.  It  confids  cf  a tin  funnel 
f/,  vvhofe  furface  is  an  inch  fquare  (fig.  6,  plate  xx)  ; 
a fiat  board  aa  ; and  a glafs  tube  hh^  fet  into  the  middle 
of  it  in  a groove;  and  an  index  with  divifions  cc\  the 
board  and  tube  being  of  any  length  at  pleafure.  The 
bore  of  the  tube  is  about  half  an  inch,  which  Mr. 
Pickering  fays  is  the  beft  fize.  The  machine  is  fixed 
iu  fome  free  and  open  place,  as  the  top  of  the  houfc, 
^c. 

The  Rain-gage  employed  at  the  houfe  of  the  Royal 
Society  is  defcribed  by  Mr.  Cavendifii,  in  the  Philof. 
Tranf.  for  1776,  p.  38^}.  ^ The 
vefTel  which  receives  the  rain  is  a 
conical  funnel,  ftrengthened  at 
the  top  by  a brafs  ring,  12  inches 
in  diameter.  The  fides  of  the 
funnel  and  inner  lip  of  the  brafs 
ring  are  inclined  to  the  horizon, 
in  an  angle  of  above  65®  ; and 
the  outer  lip  in  an  angle  of  above 
50*^;  which  are  fuch  degrees  of 
lleepnefs,  that  there  feems  no 
probability  either  that  any  rain 
which  falls  within  the  funnel,  or 
on  the  inner  lip  of  the  ring,  fhall 
dafii  out,  or  that  any  which  falls 
on  the  outer  lip  fhall  dafh  into  the  funnel.  The  an- 
nexed  figure  is  a vertical  fe6lion  of  tne  funnel,  ARC 
and  ahe  being  the  brafs  ring,  BA  and  ha  the  inner  lip, 
and  BC  and  be  the  outer.’ 

Note,  that  in  fixing  Pluviameters  care  fhould  be 
taken  that  the  rain  may  have  free  accefs  to  them,  with- 
out being  Impeded  or  overfiiaded  by  buildings,  &c ; 
and  therefore  the  tops  of  houfes  are  moftly  to  be  pre- 
ferred. Alfo  when  the  quantities  of  rain  collefted  in 
them,  at  different  places,  are  compared  together,  the 
inftruments  ought  to  be  fixed  at  the  fame  height  above 
the  ground  at  both  places  ; becaufe  at  different  heights 
the  quantities  are  always  different,  even  in  the  fame 
place.  And  hence  alfo,  any  regifter  or  account  of  rain 
in  the  Pluviameter,  ought  to  be  accompanied  with  a 
note  of  the  height  above  the  ground  the  inftrument  is 
placed  at.  See  ^lantlty  of  Rain. 

PNEUMATICS,  that  branch  of  natural  philofophy 
which  treats  of  the  weight,  preffure,  and  elallicity  of 
the  air,  or  elaftic  fluids,  with  the  effefts  arifing  from 
them.  Wolfius,  inftead  of  Pneumatics,  ufes  the  term 
Aerometry, 

This  is  a filler  fcience  to  Hydroftatics  ; the  onecon- 
fiderino*  the  air  in  the  fame  manner  as  the  other  does 
water.  And  fome  confider  Pneumatics  as  a branch  of 
mechanics  ; becaufe  it  confiders  the  air  in  motion,  with 
the  confequent  effedls. 

For  the  nature  and  properties  of  air,  fee  the  article 
Air,  where  they  are  pretty  largely  treated  of.  To 
which  may  be  added  the  following,  which  refpeds  more 
particularly  the  fcience  of  Pneumatics,  as  contained  in  a 
few  propofitions,  and  their  corollaries. 

' Prop.  I.  The  Air  is  a hea^vy  fluid  body,  which  fur- 
rounds  and  gravitates  upon  all  parts  of  the  furface  of  the 
earth. 

Thefe  properties  of  air  are  proved  by  experience. 
That  it  is  a fluid,  is  evident  from  its  eafily  yielding  to 


any  the  lead;  force  impreffed  upon  It,  with  little  or  no 
fenfible  refiftance. 

But  when  It  is  moved  brificly,  by  any  means,  as  by 
a fan,  or  a pair  of  bellows  ; or  when  any  body  is  moved 
fwiftly  through  it ; in  thefe  cafes  we  become  fenfible 
of  it  as  a body,  by  the.  refiftance  it  makes  in  fuch  mo- 
tions, and  alfo  by  its  impelling  or  blowing  away  any 
light  fubftances.  So  that,  being  capable  of  refilling, 
or  moving  other  bodies  by  its  impulfe,  it  mull  itfelf  be 
a body,  and  be  heavy,  like  all  other  bodies,  in  propor- 
tion to  the  matter  it  contains ; and  therefore  it  will 
prefs  upon  all  bodies  that  are  placed  under  it. 

And  being  a fluid,  it  will  fpread  itfelf  all  over  upon 
the  earth  ; alfo  like  other  fluids  it  will  gravitate  upon, 
and  prefs  every  where  upon  the  earth’s  furface. 

The  gravity  and  preffure  of  the  air  is  alfo  evident 
from  many  experiments.  Thus,  for  inftance,  if  water, 
or  quick-iilver,  be  poured  into  tlie  tube  ACE,  and  the 


air  be  fuffered  to  prefs  upon  it,  In  both  ends  of  the  tube  ; 
the  fluid  will  reft  at  the  fame  height  in  both  the  legs : 
but  if  the  air  be  drawn  out  of  one  end  as  E,  by  any 
means  ; then  the  air  preffing  on  the  other  end  A,  will 
prefs  down  the  fluid  in  this  leg  at  B,  and  raife  it  up  in 
the  other  to  D,  as  much  higher  than  at  B,  as  the  pref- 
fure  of  the  air  is  equal  to.  By  which  it  appears,  not 
only  that  the  air  does  really  prefs,  but  alfo  what  the 
quantity  of  that  preffure  is  equal  to.  And  this  Is  the 
principle  of  the  Barometer. 

Prop.  II.  The  air  is  alfo  an  elajlic fluid,  being  condetf 
Jible  and  expanfihla.  And  the  law  it  ohferves  in  this  re- 
fpedl  is  this,  namely,  that  its  deifity  is  always  proportional 
to  the  force  by  which  It  is  comprejj'ed. 

This  property  of  the  air  is  proved  by  many  experi-  ’ 
ments.  Th  us,  if  the  handle  of  a fyrlnge  be  pulhed  in- 
v/ards,  it  wlllcondenfe  the  inclofed  air  into  a Icfsfpace  ; 
by  which  It  is  fliewn  to  be  condenfible.  But  the  includ- 
ed air,  thus  condenfed,  will  be  felt  to  a6l  ftrongly  again  ft 
the  hand,  and  to  refill  the  force  compreffing  it  more  and 
more  ; and  on  withdrawing  the  hand,  the  handle  is 
puflied  back  again  to  where  it  was  at  firft.  Which 
fhews  that  the  air  is  elaftic. 

Again,  fill  a ftrong  bottle  half  full  with  water,  and 
then  infert  a pipe  into  it,  putting  its  lower  end  down 
near  to  the  bottom,  and  cementing  it  very  clofe  round 
the  mouth  of  the  bottle.  Then  if  air  be  ftrongly  in- 
jedled  through  the  pipe,  as  by  blowing  with  the  mouth 
or  otherwife,  it  will  pafs  through  the  water  from  the 
lower  end,  and  afeend  up  into  the  part  before  occupied 
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by  the  air  at  G,  and  the  whole  mafs  of  air  become 
there  condenfed  becaufe  the  water  is  not  eafily  com- 
prefled  into  a lefs  fpace.  But  on  removing  the  force 
which  injedted  the  air  at  F,  the  water  v/ill  begin  to  rife 
from  thence  in  a jet,  being  puflicd  up  the  pipe  by 
the  increafed  elafticity  of  the  air  G,  by  which  it 
' preiTes  on  the  furface  of  the  water,  and  forces  it 
through  the  pipe,  till  as  much  be  expelled  as  there  was 
air  forced  in  ; when  the  air  at  G will  be  reduced  to  the 
fame  denfity  as  at  hrlf,  and,  the  balance  being  rellored, 
the  jet  will  ceafe. 

Likewife,  if  into  a jar  of  w'ater  AB,  b.e  inverted  an 
empty  glafs  tumbler  C,  or  fuch  like ; the  water  will 


Aj^ 


enter  it,  and  partly  fill  it,  but  not  near  fo  high  as  the 
water  in  the  jar,  comprefling  and  condenfing  the  air  into 
a lefs  fpace  in  the  upper  .part  C,  and  cauling  the  glafs 
to  make  a fenfible  refi (lance  to  the  hand  in  pulhing  it 
down.  But  on  removing  the  hand,  the  claflicity  of  the 
internal  condenfed  air  throws  the  glafs  up  again. — Ail 
thele  fhewing  that  the  air  is  condenfible  and  elallic. 

Again,  to  fhew  the  rate  or  proportion  of  the  clafti- 
city  to  the  condenfation  ; take  a long  (lender  glafs  tube, 
open  at  the  top  A,  bent  near  the  bottom  or  clofe  end 
B,  and  equally  wide  throughout,  or  at  lead  in  the  part 
BD  (2d  fig.  above).  Pour  in  a little  quickfilver  at  A, 
Juft  to  cover  the  bottom  to  the  bend  at  CD,  and  to  Hop 
the  communication  between  the  external  air  and  the  air 
in  BD,  Then  pour  in  more  quickfilver,  and  obferve  to 
mark  the  correfponding  heights  at  which  it  Hands  in  the 
two  legs:  fo,  when  it  rifes  to  H in  the  open  leg  AC, 
let  it  rife  to  E in  the  clofe  one,  reducing  its  Included 
air  from  the  natural  bulk  RD  to  the  contrafted  fpace 
BE,  by  the  prtffure  of  the  column  He  ; and  when  the 
quickfilver  Hands  at  I and  K,  in  the  open  leg,  let  it  rife 
to  F and  G in  the  other,  reducing  the  air  to  the  refpec- 
tive  fpaces  BF,  BG,  by  the  weights  of  the  columns  I/j 
K^.  Then  it  is  always  found,  that  the  condenfations 
and  elaHicities  are  as  the  compreffing  weights,  or  co- 
lumns of  the  quickfilver  and  the  atmofphere  together. 
So,  if  the  natural  bulk  of  the  air  BD  be  compreffed  into 
the  fpaces  BE,  BF,  BG,  or  reduced  by  the  fpaces 
BE,  DF,  DG,  which  are  ^ of  BD,  or  as  the 

numbers  1,2,  3 ; then  the  atmofphere,  together  with 
the  correfponding  column  FT,  I/,  K^,  will  alfo  be 
found  to  be  in  the  fame  proportion,  or  as  the  numbers 
. I,  2,  3:  and  then  the  weights  of  the  quickfilver  are 
thus,  viz,  Hi?  jA,  \f  — A,  and  = 3 A ; where 
A denotes  the  weight  of  the  atmofphere.  Which  fhews 


that  the  condenfations  are  diredtly  as  the  comprefiTrtg' 
forces.  And  the  elaHicities  are  alfo  in  the  fame  pro- 
portion, fince  tlie  preffures  in  AC  are  fuHained  by  the 
elaHicities  in  BD. 

From  the  foregoing  principles  may  be  deduced 
many  ufeful  remarks,  as  in  the  following  corollaries, 
viz  : 

Covol.  I.  The  fpace  that  any  quantity  of  air  Is  con- 
fined in,  is  reciprocally  as  the  force  that  compreffes  it. 
So,  the  forces  which  conidne  a quantity  of  air  in  ths 


cylindrical  fpaces  AG,  EG,  CG,  are  reciprocally  as 
the  fame,  or  reciprocally  as  the  heights  AD,  BD,  CD. 
And  therefore,  iftothetwo  perpendicular  lines  AD, 
DM,  as  afyraptotes,  the  hyperbola  IKL  be  deferibed, 
and  the  ordinates  AT,  BK,  CL  be  drawn  ; then  the 
forces  which  confine  the  air  in  the  fpaces  AG,  BG,  CG, 
will  be  as  the  correfponding  ordinates  AI,  BK,  CL, 
fince  thefe  are  reciprocally  as  the  abfcKTes  AD,  BD,  CD, 
by  the  nature  of  the  hyperbola. 

Coral,  2.  All  the  air  near  the  earth  is  in  a Hate  of 
compreffion,  by  the  weight  of  the  incumbent  at- 
mofphere. 

Carol,  3.  The  air  is  denfer  near  the  earth,  than  in 
high  places  ; or  denfer  at  the, foot  of  a mountain,  than 
at  the  top  of  it.  And  the  higher  above  the  earth,  the 
rarer  it  is. 

Carol,  4.  Thefpring  or  elaHicity  of  tire  aii',  is  equal 
to  the  weight  of  the  atmofphere  above  it  ; and  they 
will  produce  the  fame  effefts  ; fince  they  are  always 
fuHained  and  balanced  by  each  other. 

Carol.  If  the  denfity  of  the  air  be  increafed,  pre- 
ferving  the  fame  heat  or  temperature ; its  fpring  or 
elaHicity  will  likewife  be  increafed,  and  in  the  fame 
proportion. 

Carol.  6.  By  the  gravity  and  preffure-of  the  atmo- 
fpherc  upon  the  furfacesof  fluids,  the  fluids  are  made  to 
rife  In  any  pipes  or  veffels,  when  the  fpring  or  prefTure 
within  is  dimlnidied  or  taken  off. 

Prop.  HI.  Heat  Incr  cafes  the  elaficity  of  the  air,  and 
cold diminijhes  it.  Or  heat  expands,  and  cold  contrads  and 
condenfes  the  air. 

This  property  is  alfo  proved  by  experience. 

Thus,  tie  a bladder  very  clofe,  with  fome  air  in  it  ; 
and  lay  it  before  the  fire  ; then  as  it  warms,  it  whll  more 
and  more  diflend  the  bladder,  and  at  laH  buiH  it,  if 
the  heat  be  continued  and  increafed  high  enough.  But 
if  the  bladder  be  removed  from  the  fire  ; it  will  con- 
tra 61  again  to  its  former  Hate  by  cooling.- It  was 

upon  this  principle  that  the  firfl  air-balloons  were  made 
by  Montgolfier;  for  by  heating  the  air  within  them,  by 
a fire  underneath,  the  hot  air  diflends  them  to  a fize 
which  occupies  a fpace  in  the  atmofphere  whofe  weight 
of  common  air  exceeds  that  of  the  balloon. 

Alfo,  if  a cup  or  glafs,  with  a little  air  in  it,  be  in- 
verted into  a veHel  of  water;  and  the  whole  be  heated 
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over  the  fire,  or  othervvife  : tlie  air  in  tlie  top  will  ex- 
pand till  it  fill  the  glafs,  and  expel  the  water  out  of  it  ; 
and  part  of  tlie  air  itfelf  will  follow,  by  continuing  or 
increaling  the  heat. 

Many  other  experiments  to  the  fame  effedt  might  be 
adduced,  all  proving  the  properties  mentioned  in  the 
propofition. 

SchoL  I'Tence,  when  the  force  of  the  elafticity  of  the 
air  is  confidered,  regard  mull  be  had  to  its  heat  or  tem- 
' pcrature  ; the  fame  quantity  of  air  being  more  or  lefs 
elaftlc,  as  its  heat  is  more  or  lefs.  And  it  has  been 
found  by  experiment  that  its  elafiicity  is  increafcd  at 
the  following  rate,  viz,  by  the  439th  part,  by  each  de- 
gree of  heat  exprelfed  by  Fahrenheit’s  thermometer,  of 
which  there  are  J 80  between  the  freezing  and  boiling 
heat  of  w'ater.  It  has  alfo  been  found  (Philof.  Tranl. 
1777,  pa.  560  &c),  that  water  expands  the  6666th 
part,  wdth  each  degree  of  heat;  and  mercury  the 
9600th  part  by  each  degree.  Moreover,  the  relative  or 
fpecific  gravities  of  thefe  three  fubftances,  are  as  follow  ; 
n^iz, 


^ when  the  barom.  is  at  30, 
Water  loco  ^ j ^ r . 

Tv/i  /:  and  the  thermom.  at  97. 

Mercury  13600  J 

Alfo  thefe  numbers  are  the  weig^hts  of  a cubic  foot  of 
'each,  in  the  fame  circumftances  of  the  barometer  and 
thermometer. 

Prop.  IV.  ‘The  ‘weight  or  frejfure  of  the  atmofphere^ 
•upon  any  hnfe  at  the  furface  of  the  earthy  is  equal  to  the 
^weight  of  a column  of  quichfilver  of  the  fame  haje^  and  its 
height  letvjeen  28  arnd  31  inches ^ 

This  is  proved  by  the  barometer,  an  inftrument  which 
meafures  the  preffure  of  the  air  ; the  defcriptlon  of 
which  fee  under  its  proper  article.  For  at  fome  fcafons, 
and  in  fome  places,  the  airfuftainsand  balances  a column 
of  mercury  of  about  28  inches  ; but  at  others,  it  balances 
a column  of  29,  or  30,  or  near  3 i inches  high  ; feldom 
in  the  extremes  28  or  31,  but  commonly  about  the 
•means  29  or  30,  and  indeed  moftly  near  30.  A varia- 
tion which  depends  partly  on  the  different  degrees  of 
heat  in  the  air  near  the  furface  of  the  earth,  and  partly 
on  the  commotions  and  changes  in  the  atmofphere,  from 
winds  and  other  caufes,  by  wTich  it  is  accumulated  in 
fome  places,  and  depreffed  in  others,  being  thereby  ren- 
dered denfer  and  heavier,  or  rarer  and  lighter;  which 
changes  in  its  date  are  almoll  continually  happening  in 
uny  one  place.  But  the  medium  date  is  from  29  j to 
30  inches. 


■CoroL  I.  Hence  the  prclTure  of  the  atmofphere  upon 
'Cvery  fquare  inch  at  the  earth’s  furface,  at  a medium,  is 
very  near  i 9 pounds  avoirdupois.  For,  a cubic  foot 
of  mercury  weighing  neaily  13600  ounces,  a cubic 
inch  of  it  will  weigh  the  1:7 2 8th  part  of  it,  or  almod; 
8 ounces,  or  half  a pound,  which  is  the  weight  of  the 
atmofphere  for  every  inch  of  the  barometer  upon  a bafe 
■of  a fquare  inch;  and  therefore  29I  inches,  the  me- 
dium height  of  the  barometer,  weighs  almod  15  pounds, 
or  rather  iqlib  very  nearly. 

CoroL  2,  Flence  alfo  the  weight  or  preffure  ^f  the 
atmofphere,  is  equal  to  that  of  a column  of  water 
fj  om  32  to  39  feet  high,  or  on  a medium  33  or  34  feet 
high,  hor  water  and  qiiickfilver  are  in  weight  nearly 
.as  J to  1 3 ’6  ; fo  that  the  atmofphere  will  balance  a 


column  of  w^ater  13*6  times  higher  than  one  of  quick- 
filver  ; confequently  13*6  X 30  inches  = 408  inches 
or  34  feet,  is  near  the  medium  height  of  water,  or  it 
is  more  nearly  33!-  feet.  And  hence  it  appears  that  a 
common  fucking  pump  will  not  raife  water  higher  than 
about  34  feet.  And  that  a fyphon  will  not  run  if  the  • 
perpendicular  height  of  the  top  of  it  be  more  than  33 
or  34  feet. 

CoroL  3.  If  the  air  were  of  the  fame  uniform  denfity, 
at  every  height,  up  to  the  top  of  the  atmofphere,  as 
at  the  furface  of  the  earth  ; its  height  would  be  about 
5^  miles  at  a medium.  For  the  weights  of  the  fame 
volume  of  air  and  water,  are  nearly  as  1*232  to  1000  ; 
therefore  as  i'232  : 1000  : : 34  feet  : 27600  feet,  or 
5 1:  miles  very  nearly.  And  fo  high  the  atmofphere 
would  be,  if  it  were  all  of  uniform  denfity,  likev/ater. 
But,  indead  of  that,  from  Its  expanfive  and  eladic 
quality,  it  becomes  continually  more  and  more  rare  the 
farther  above  the  earth,  in  a certain  proportion  which 
will  be  treated  of  below. 

CoroL  4.  From  this  prop,  and  the  lad,  it  follows 
that  the  height  is  always  the  fame,  of  an  uniform  at- 
mofphere above  any  place,  which  fnall  be  all  of  the 
uniform  denfity  with  the  air  there,  and  of  equal  weight 
or  preiTure  with  the  real  height  of  the  atmofphere  above 
that  place,  whether  it  be  at  the  fame  place  at  different 
times,  or  at  any  difterent  places  or  heights  above  the 
earth  ; and  that  height  is  always  about  27600  feet,  or 
5 I miles,  as  found  above  in  the  3d  corollary.  For,  as 
the  denfity  varies  in  exadl  proportion  to  the  weight  of 
the  column,  it  therefore  requires  a column  of  the  fame 
height  in  all  cafes,  to  make  the  refpe6live  weights  or 
preffures.  Thus,  if  W and  w be  the  weights  of  at- 
mofphere above  any  places,  D and  d their  denfities, 
and  irl  and  h the  heights  of  the  uniform  columns,  of 
the  fame  denfities  and  weights:  Then  H X D = W, 

W . .w 

and  h X d = w ; therefore  ~ or  H is  equal  to  — 

D d 

or  h ; the  temperature  being  the  fame. 

Prop.  V.  The  denfity  of  the  atmofphere,  at  different 
heights 'above  the  earth,  decreafes  in  fuch  for't,  that  when 
the  heights  increafe  in  arithmetical progrffon,  the  denfities 
decreafe  in  geometrical  progrefion. 

Let  the  perpendicular  line  AP,  credled  on  the  earth, 
be  conceived  to  be  divided  into  a great  number  of  very 
fmall  parts  A,  B,  C,  D,  &c,  forming 
fo  many  thin  drata  of  air  in  the  atmo- 
fphere, all  of  different  denfit}q  gradu- 
ally decreafing  from  the  greatedat  A : 
then  the  denfity  of  the  feveral  drata 
A,  B,  C,  D,  &c,  will  be  in  geome- 
trical progreffion  decreafing. 

For,  as  the  drata  A,  B,  C,  &c,  are 
all  of  equal  thicknefs,  the  quantity  of 
matter  in  each  of  them,  is  as  the  denfi- 
ty there  ; but  the  denfity  In  any  one, 
being  as  the  compreffing  force,  Isas  the 
weight  or  quantity  of  matter  from  that 
place  upward  to  the  top  of  the  atmo- 
fphere ; therefore  the  quantity  of  mat- 
ter in  each  dratum,  is  alfo  as  the  whole 
quantity  from  that  place  upwards. 

Now  If  from  the  whole  weight  at  any 
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place  as  B,  the  weight  or  quantity  in  the  flratiim  B be 
fubtrafted,  the  remainder  will  be  the  weight  at  the 
next  higher  ftratum  C ; that  is,  from  each  Aveight  fub- 
trading  a part  VAdilch  is  proportional  to  itfelf,  leaves 
the  next  weight  ; or,  which  is  the  fame  thing,  from 
each  denfity  fubtrading  a part  which  is  always  propor- 
tional to  itfelf,  leaves  the  next  denfity.  But  when  any 
quantities  are  continually  diminiflied  by  parts  which  are 
proportional  to  themfelvcs,  the  remainders  then  form  a 
feries  of  continued  proportionals  ; and  coiirequcntly 
thefe  dcnfities  are  in  geometrica'l  progrellion. 

'Ihiis,  if  the  firfl;  denfity  be  D,  and  from  each  there 
be  taken  its  «th  part ; then  there  remains  its 


n 


part,  or  the  part,  putting  m for  n — 1 ; and  there- 
fore the  feries  of  denfities  will  be  D,  — D,  ~ D — D 

n u'  ’ ’ 

- w 

&c,  — being  the  common  ratio  of  the  feries. 
n 

Schol.  Becaufe  the  terms  of  arithmetical  feries, 
are  proportional  to  the  logarithms  of  the  terms  of  a 
geometrical  feries  ; therefore  different  altitud  es  above 
the  earth’s  furface,  are  as  the  logarithms  of  the  denfi- 
ties,  or  weights  of  air,  at  thofe  altitudes.  So  that, 

if  D denote  the  denfity  at  the  altitude  A, 
and  d ^ the  denfity  at  the  altitude  ; 
then  A being  as  the  logarithm  of  D, 

^iid.  a as  the  logarithm  of  ^/, 

the  dif.  of  altitude  A — a will  be  as 

the  log.  of  Z)  — log,  of  d,  or  as  log.  of — . 

d 

And  if  A o,  or  D the  denfity  at  the  furface  of 
the  earth,  then  any  altitude  above  the  furface  is  as 

the  log.  of 

d 


Or,  In  general,  the  log.  of  ~ is  as  the 

d 


altitude  of  the  one  place  above  the  other,  whether  the 

lower  place  be  at  the  furface  of  the  earth,  or  any  wheie 
tlfe. 

And  from  this  property  is  derived  the  method  of  de- 
termining the  heights  of  mountains,  and  other  emi- 
nences, by  tlie  barometer,  which  is  an  mllrument  that 
meafures  the  weiglit  or  denfity  of  the  air  at  any  place, 
kor  by  taking  with  this  inftrument,  the  prelfure  or 
denfity  at  the  foot  or  a lull  for  inflance,  and  again  at 
the  top  of  It,  the  difference  of  the  logarithms  of  thefe 
two  prefiures,  or  the  logarithms  of  their  quotient,  will 
be  as  the  difference  of  altitude,  eras  the  height  of  the 
hill  ; fuppofing  the  temperatures  of  the  air  to  he  the 
fame  at  both  places,  and  the  gravity  of  air  not  altered 
by  the  different  dillances  from  the  earth’s  centre. 

But  as  this  formula  expreffes  only  the  relations  be- 
tween different  altitudes,  with  refpea  to  their  denfities, 
recourfe  muff  be  had  to  fome  experiment,  to  obtain  the 
real  altitude  which  coirefponds  to  any  given  denfity,  or 
the  denfity  which  correfp'onds  to  a given  altitude.  Now 
there  are  various  experiments  by  which  this  may  be 
tione.  The  firll,  and  moil  natural,  is  that  which  re- 
sults from  the  known  fpecific  gravity  of  air,  with  re- 
fpea to  the  whole  preffure  of  the  atmofphere  on  the 

furface  of  the  earth.  Now,  as  the  altitude  a is  always  as 
VoL.  II, 


D I) 

log.  ~,  affume  h fo  that  a may  be  = ^ X log.  — j, 

where  h will  be  of  one  conflant  value  for  all  alti- 
tudes ; and  to  deternaine  that  value,  let  a cafe  be  taken 
in  vvliich  wc  know  the  altitude  a correfponding  to  a 
known  denfity  d : as  for  indance  take  a — i foot,  or 
I inch,  or  fome  fuch  fmall  altitude  ; and  becaufe  the 
denfity  D may  be  meafnred  by  the  prefllire  of  the  atmo- 
fphere, or  the  uniform  column  of  27600  feet,  when  the 
temperature  is  5.^*^;  therefore  27600  feet  will  denote 
the  denfity  D at  the  lower  place,  and  27599  the  lefs 
denfity  d at  one  foot  above  it  ; confequcntly  this  equa- 
tion arifes,  viz,  i — /;?  x log.  of  which,  by 


the  nature  of  logarithms,  is  nearly 

•43429448  h 


27599 


= h X 


nearly  ; and  hence  Ij  =. 


27600  ^355^ 

*53431  h;et  ; which  gives  for  any  altitude  whatever,  this 
general  theorem,  viz,  a — 

D _ - M 


^3 


X log. 


r/’ 


or  = 63751  X log.  — feet,  or 


m 


M 


IC592  X log.  — fathoms  ; where  M is  the  column  of 
m 

mercury  which  is  equal  to  the  preffure  or  weight  of  the 
atmofplicre  at  the  bottom,  and  w that  at  the  top  of  the 
altitude  a ; and  where  M and  m may  be  taken  in  any 
meafure,  either  feet,  or  inches,  &c. 

Note,  that  this  formula  is  adapted  to  the  mean  tempe- 
rature of  the  alr55‘^.  every'  degree  of  tempe- 

rature diderent  from  this,  in  the  medium  between  the 
temperatures  at  the  top  and  bottom  of  the  altitude  a, 
that  altitude  will  vary  by  its  437th  part ; which  mull  be 
added  when  the  medium  exceeds  77®,  otherwife  fub- 
tradlcd. 

hofe  alfo,  that  a column  of  30  inches  of  merciny 
varies  its  length  by  about  the  320th  part  of  an  inch  for 
every  degree  of  heat,  or  rather  tlie  9600th  part  of  the 
whole  volume. 

But  the  fame  formula  may  be  rendered  much  more 
convenient  for  life,  by  reducing  the  fadtor  10792  to 
icooo,  by  changing  the  temperature  proportionably 
from  75°;  thus,  as  the  difference  792  is  the  iSthpart 
of  the  whole  factor  10792  ; and  as  18  is  the  24th  pari 

435  ’ therefore  the  correfponding  change  of  tempe- 
rature is  24”^,  wliich  reduces  the  77*^  to  31°.  So  that 

M 

the  formula  becomes  a looco  x log,  of fa- 

m 

thorns  when  tlie  temperature  is  31  degrees;  and  for 
every  degree  above  that,  the  refult  mud  be  increafed  by 
fo  many  times  its  435th  part. 

See  more  on  this  head  under  the  article  Barome- 
ter, at  the  end. 

By  the  weight  and  preffure  of  the  atmofphere,  the 
cffedl  and  operations  of  Pneumatic  engines  may  be  ac- 
counted for,  'and  explained  ; fuch  as  fyphons,  pumps, 
barometers,  &c.  See  each  of  thefe  articles^  alfo  Air, 

Pneumatic  Ertgitie,  the  fame  as  the  Air-Fump. 

POCNE  F FjleSfriccil  Apparatus . — Tins  is  a contri- 
vance of  Mr.  William  Jones,  in  HolboiTi,  the  form  of 
which  isreprefented  in  phts  xxui>  fie;.  4, 

K k ^ ^ 


This 
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Tins  fmall  macliine  is  capable  of  a tolerably  {Irong 
charge,  or  accumulation  of  eleCfricity,  and  will  give  a 
fmalffliock  to  one,  two,  three,  or  a greater  number  of 

perfons.  , , , , 1 

A is  the  Leyden  phial  or  jar  that  holds  the  charge. 

B is  the  dlicharger  to  difeharge  the  jar  when  required 
without  electrifying  the  perfon  that  holds  it.  C_is  a 
ribbon  prepared  in  a peculiar  manner  fo  as  to  be  excited, 
and  communicate  its  ekaricity  to  the  jar.  1)  arc  two 
hair,  See,  ikin  rubbers,  which  are  to  be  placed  on  the 
firlt  and  middle  lingers  of  the  left  band. 

To  charge  the  Jar, 

Place  the  two  finger-caps  D on  the  firft  and  middle 
■finger  of  the  left  hand  \ hold  the  jar  A at  the  fam^. 
time,  at  the  joining  of  the  red  and  black  on  the  outfide 
between  the  thumb  and  firft  finger  of  the  fame  hand  ; 
then  take  the  ribbon  in  your  right  hand,  and  fieadily 
and  o-ently  draw  it  upwards  between  tlie  tivo  rubbers 
1),  on  the  two  fingers  ; taking  care  at  the  lame  time, 
the  brafs  ball  of  the  jar  is  kept  nearly  clofe  to  the  rib- 
bon, while  it  IS  paiiing  tlirough  the  fingers.  By  le- 
peating  this  operation  twelve  or  fourteen  times,  the  elec- 
trical fire  will  pafs  into  the  jar  which  will  become  charg- 
ed, and  by  placing  the  difeharger  C againfi  it,  as  in  the 
plate,  you  will  fee  a fenfible  fpark  pafs  from  the  ball  of 
the  jar  to  that  of  the  difeharger.  If  the  apparatus  is 
dry  and  in  good  order,  you  will  hear  the  crackling  of 
the  fire  when  tlie  ribbon  is  paifing  through  the  fingers, 
and  the  jar  will  difeharge  at  the  difiance  reprefeiued  in 
the  figure. 

To  eleBrify  a Perfon, 

You  muifi  defire  him  to  take  the  jar  in  one  hand,  mid 
with  the  other  touch  the  nob  of  it : or,  if  diverfion  k 
intended,  defire  the  perfon  to  fmell  at  the  nob  of  it,  in 
expedlation  of  fmelling  the  fee nt  of  a rofe  or  a pink  ; 
this  lafi  mode  has  occafioned  it  to  be  fometiraes  called 
the  Magic  Smelling  Bottle. 

POETICAL  Numhers,  See  Numbers. 

PoB-TiCAL  Rfing  and  Setting,  See  Rising  and 
Setting. 

The  ancient  poets,  referring  the  rifingand  fetting  of 
the  ftars  to  that  of  the  fun,  make  three  kinds  of  rifing 
and  fetting,  viz,  Cofmical,  Acronical,  and  Heliacal. 
See  each  of  thefe  words  in  its  place. 

POINT,  a term  ufed  in  various  arts  and  fciences. 

Point,  in  Architedfure.  Arches  of  the  third  Point, 
and  Arches  of  the  fourth  Point.  See  Arches. 

Point,  in  Afironomy,  is  a term  applied  to  certain 
parts  or  places  marked  in  the  heavens,  and  difiinguifiied. 

by  proper  epithets, 

^ The  four  grand  points  or  divifions  of  the  horizon,  viz, 
the  .eaft,  well,  north,  and  fouth,  are  called  the  Cardnial 
Points.-”— The  zenith  and  nadir  are  the  "Vertical  FointSii 
.—The  Points  where  the  orbits  of  the  planets  cut  the 
plane  of  the  ecliptic,  are  called  the  Nodes. — The  Points 
where  the  ecliptic  and  equator  interfcdl;,  are  called  the 
EquinoGlial  Points.  In  particular,  that  where  the  fun 
aieends  tow^ards  the  north  pole  is  called  the  Vernal 
Point  ; and  that  where  he  defeends  towards  the  fouth, 
the  Autumnal  Point. —The  hlghefi  and  lowed  B^iints  of 
the  ecliptic  are  called  the  Solilitial  Points.  Particu 
larly,  the  former  of  them  the  Efiival  or  Summer  Point ; 
tlre'latter,  the  Brumal  or  Winter  Point,  . . 


Points,  In  Elefiricity,  are  thofe  acute  terininatlous 
of  bodies  which  facilitate  the  pafiage  of  the  eledtricaf 
fluid  either  from  or  to  fuch  bodies. 

Mr.  JalLbert  was  probably  the  firfi  perfon  who  ob- 
ferved  that  a body  pointed  at  one  end,  and  round  at  the 
other,  produced  different  appearances  upon  the  fame 
body,  according  as  the  pointed  or  round  end  was  pre-  j 
fented  to  it.  But  Dr.  Franklin  firfi  obferved  and  ! 
evinced  the  whole  effedf  of  pointed  bodies,  both  in 
drawing  and  thi'owmg  off  eleCfricity  at  greater  dd-  | 
tances  tlian  other  bodies  could  do  it ; though  he  can-  : 
didly  acknowledges,  that  the  pov/m*  of  Points  to  throw  r 
off  tlie  elecfric  fire  was  communicated  to  him  by  his  f 
friend  Mr.  Thomas  Hopkinfon.  ^ i 

Dr.  Franklin  ekarified  an  iron  fliot,  3 or  4 inches 
in  diameter,  and  obferved  that  it  would  not  attrad  a i: 
thread  when  the  Point  of  a needle,  communicating  whh  ^ 
the  earth,  was  prefented  to  it ; and  he  found  it  even  Im- 
poffible  to  ekavify  an  iron  foot  when  a {harp  needle  lay  h 
upon  it.  This  remarkable  property,  poileffed  by  pointed  . 
bodies,  of  gradually  and  likntly  receiving  or  throwing^  ; 
off  the  ekan  ic  fluid,  has  been  evinced  by  a variety  of 
other  familiar  experiments. 

Thus,  if  one  hand  be  applied  to  the  outfide  coating  ; 
of  a large  jar  fully  charged,  and  the  Point  of  a needle  : 
held  in  the  other,  be  direaed  towards  the  knob  of  tlie 
jar,  and  moved  gradually  near  it,  till  the  Point  of  the 
needle  touch  the  knob  or  ball,  the  jar  will  be  entirely  dif- 
charged,  fo  as  to  give  no  fiiock  at  all,  or  one  that  is  ! 
hardly  fenfible.  In  this  cafe  the  Point  of  the  needle  has 
gradually  and  fikntly  drawn  away  the  fuperabundant 
ekaricity  from  the  ekarified  jar. 

Farther,  if  the  knob  of  a brafs  rod  be  held  at  fuch  a i 
diftance  from  the  prime  conduaor,  that  fpark s may  eafily  j: 
efcape  from  the  latter  to  the  former,  whilfi  the  machine  f; 
is  in  motion  ; then  if  the  Point  of  a needle  be  prefented,  |, 
though  at  twice  the  difiance  of  the  rod  from  the  con-  p 
duaor,  no  more  fparks  will  be  feen  paffing  to  the  rod.  ^ 
When  the  needle  is  removed,  the  fparks  will  be  feen  j. 
but  upon  prefenting  it  again,  they  will  again  difappear.  ; 
So  that  the  Point  of  the  needle  draws  off  fikntly  almofi  t 
all  the  fluid,  which  is  thrown  by  the  cylinder  or  globe  of  I 
the  machine  upon  the  prime  conductor.  This  experi-  i> 
ment  may  be  varied,  by  fixing  the  nCedk  upon  the  j 
prime  condudlor  with  the  point  upwmrd  ; and  then,.  1, 
rliough  the  knob  of  a difcliarging  rod,  or  the  knuckle  p 
of  the  finger,  be  brought  very  near  the  prime  conduc- 
tor, and  the  excitation  be  very  firong,  little  or  no  fpark  t 
wall  be  perceived.  : 

The  influence  of  points  is  alfo  evinced  In  the  amufing  1, 
experiment,  commordy  called  the  ekftrical  horfe-iace,^ 
and  many  others.  See  Thunder-Z^o?^.  ^ ! 

The  late  Mr.  Henly  exhibited  the  efficacy  of  pointed  I 
bodies,  b'y  fnfpending  a large  bladder,  well  blown,  and  I 
covered  , with  gold,  filver,  or  brafs  leaf,  by  m.eans  of  ^ 
gum-water,  at  the  end  of  a filken  thread  6 or  7 feet  5 
long,  hanging  from  the  cieling  of  a room,  and  eledfri- 
fying  the  bladder  by  giving  it  a ftrong  fpark  with  the  [ 
knob  of  a charged  bottle : upon  prefenting  to  It  the  1 
knob  of  a wire,  it  caufed  the  bladder  to  move  tow^ards  I 
the  knob,  and  wlien  nearly  in  contaft  gave  it  a fpark,  j 
thus  difeharging  its  ekdlricity.  By  giving  the  bladder  I 
another  charge,  and  prefenting  the  Point  of  a needle  1 
to  it,  the  bladder  was  not  attradled  by  the  Point,  but  ^ 
B - ' • ' ' ratheT-  : 
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Yatbei*  receded  from  It,  efpeclally  when  the  needle  was 
fuddenly  prefented  towards  it* 

But  experiments  evincing  the  efficacy  of  pointed  bo- 
dies for  filently  receiving  or  throwing  off  the  cleAric 
‘iluid,  may  be  inffnitely  diverfffied,  according  to  the 
fancy  or  convenience  of  the  electrician. 

It  may  be  obferved,  that  in  the  cafe  of  points  tlirow- 
ingoff  or  receiving  eledlricity,  a cunent  of  air  is  fenfible 
at  an  eleClrified  Point,  which  is  always  in  the  direftion 
of  the  Point,  whether  the  eleffricity  be  pofftive  or  ne- 
gative* A faft  which  has  been  well  afcertained  by 
many  eledlricians,  and  particularly  by  Dr.  Prieffley  and 
Sig.  Beccaria.  The  former  contrived  to  exhibit  the  in- 
fluence of  this  current  on  the  flame  of  a candle,  pre- 
fented to  a pointed  wire,  eleCtritied  negatively,  as  well 
as  pofftively.  The  blaft  was  in  both  calcs  alike,  and  fo 
flrono-  as  to  lay  bare  the  greateft  part  of  the  wick,  the 
flame%eing  driven  from  the  Point  ; and  the  effcCt  was 
the  fame  whether  the  eletlric  fluid  iffued  out  of  the 
Point  or  entered  into  it.  He  farther  evinced  this  phe- 
nomenon by  means  of  thin  light  vanes  ; and  he  found, 
'as  Mr.  Wilfon  had  before  obferved,  that  the  vanes  would 
not  turn  in  vacuo,  nor  in  a clofe  unexhauffed  receiver 
where  the  air  had  no  free  circulation.  And  in  much  the 
fame  manner,  Beccaria  exhibited  to  fenfe  the  influence 
of  the  wind  or  current  of  air  driven  from'  points. 

As  to  the  Theory  of  the  phenomena  of  Points,  thefe 
are  accounted  for  in  a variety  of  ways,  by  diiferent  au- 
thors, though  perhaps  by  none  with  perfeCt  fatisfadion. 
See  Franklin’-s  writings  on  Eledricity  ; Lord  Mahon’s 
Principles  of  Eledricity,  1779  ; Beccaria’s  “Artificial 
Eledricity,  1776,  pu.  33I  ; and  Prieftley’s  Eliffory  of 
Eledricity,  vol.  2,  pa.  191,  edit.  1775* 

As  to  the  Application  of  the  dodrine  of  Points  ; it 
may  be  obferved  that  there  Is  not  a more  important  fad 
in  the  hiffory  of  eledricity,  than  the  ufe  to  which  the 
difeovery  of  the  efficacy  of  pointed  bodies  lias  been  ap- 

pked.  , , . . - 

Dr.  Franklin,  having  afcertained  the  identity  of 

•eledricity  and  lightning,  was  prefcntly  led  to  propofe 
a cheap  and  eafy  method  of  fecuring  buildings  from  the 
damage  of  lightning,  by  fixing  a pointed  mietal  rod 
higher  than  any  part  of  the  building,  and  communi- 
cating with  the  ground,  or  with  the  neareft  water.  And 
this  contrivance  was  adiially  executed  in  a variety  of 
cafes ; and  has  ufually  been  thought  an  excellent  pre- 
fervatlve  againff  the  terrible  effeds  of  lightning. 

Some  few  inftances  however  having  occurred,  in 
which  buildings  have  been  ftiuck  and  damaged,  though 
provided  with  thefe  condiidors  ; a controverfy  arofe 
with  regard  to  their  expediency  and  utility.  In  this 
controverfy  Mr.  Benjamin  Wilfon  took  the  lead,  and 
Dr.  Mnfgrave,  and  fome  few  other  eleclricians,  the 
leaft  acquainted  with  the  fubjed,  concurred  with  him 
in  their  oppofition  to  pointed  elevated  condudors. 
Thefe  alledge,  that  every  Point,  as  fnch,  folicits  the 
lightning,  and  thus  contributes  not  only  to  Increafe  the 
<[uantity  of  every  adual  difeharge,  but  alfo  frequently 
to  occaffon  a difeharge  wdien  it  might  not  otherwife 
kave  happened  : whereas,  fay  thqq  if  Inffead  of  pointed 
condudois,  thofe  wuth  blunted  terminations  were  ufed, 
they  w^ould  as  effedually  anfw^er  the  piirpofe  of  convey- 
ing away  the  lightning  fafely,  without  the  fame  tendency 
^0  increafe  or  invite  it.  Accordingly,  Mr.  Wilfon,  in  a 


letter  to  the  marquis  of  Rockingham  (Philof.  Trank 
vol.  ^4,  art.  44),  expreffies  his  opinion,  that,  in  order 
to  prevent  lightning  from  doing  mifehief  to  liigh  build- 
ings, large  magazines,  and  the  like,  udlead  of  the  ele- 
vated external  condudors,  that,  on  the  inffde  of  the 
higheff  part  of  fuch  building,  and  within  a foot  or  two 
of  the  top,  it  may  he  proper  to  fix  a rounded  bar  of 
metal,  and  to  continue  it  down  along  the  fide  of  the 
wall  to  any  kind  of  moiffiirein  the  ground. 

On  the  other  hand,  it  is  urged  by  the  advocates  for 
pointed  condudors,  that  Points,  inffead  of  increaffng 
an  adual  difeharge,  really  prevent  a difeharge  where  :t, 
would  otherw'Ife  happen,  and  that  blunted  condudhors 
tend  to  Invite  the  clouds  charged  with  lightning.  And 
it  feems  to  be  a certain  fadt,  that  though  a flrarp  Point 
rvill  draw  off  a charge  of  eledlricity  filently  at  a much, 
greater  diftance  than  a knob,  yet  a knob  will  be  ffruck 
with  a full  cxplofion  or  fhock,  the  charge  being  the 
fame  in  both  cafes,  at  a greater  diffance  tb.an  a fnarp 
Point. 

The  efficacy  of  pointed  bodies  for  preventing  a 
ftroke  of  lightning.  Is  Ingeniouffy  explained  by  Dr. 
Franklin  in  the  following  manner  : — An  eye,  he  fays,  fo 
fituated  as  to  view  horizontally  the  undeifide  of  a thun- 
der-cloud, will  fee  It  very  ragged,  with  a number  of 
feparate  fragments  or  fmall  clouds  one  under  another  ; 
th.e  low^eff  fometimes  not  far  from  the  earth,  Thefe,  as 
fo  many  ftepping-ffones,  affift  in  conduding  a ftroke  be- 
tw'een  a cloud  and  a building.  To  reprefent  thefe  by  ait 
experiment,  he  direds  to  take  tw'o  or  three  locks  of 
fine  loofe  cotton,  and  connedt  one  of  them  with  the 
prime  condudor  by  a fine  thread  of  2 inches,  another 
to  that,  and  a third  to  the  fecond,  by  like  threads,  which 
may  be  fpun  out  of  the  fame  cotton.  He  then  direds 
to  turn  the  globe,  and  fays  w-e  fltall  fee  thefe  locks  ex- 
tending themfelves  towards  the  table,  as  the  lower 
fmall  clouds  do  tow'ards  the  earth  ; hut  that,  on  pre- 
fentlng  a fharp  Point,  ered  under  the  lowed,  it  will 
fhrink  up  to  the  fecond,  the  fecond  up  to  the  firfl,  and 
all  together  to  the  prime  condudor,  where  they  will 
continue  as  long  as  the  Point  continues  under  them. 
May  not,  he  adds,  in  like  manner,  the  fmall  eledrified 
clouds,  wdiofe  equilibrium  wuth  the  earth  is  foon  reffored 
by  the  Point,  rife  up  to  the  main  body,  and  by  that 
means  occaffon  fo  large  a vacancy,  as  that  the  grand 
cloud  cannot  llrike  In  that  place  ? Letters,  pa.  12  i. 

Mr.  ETenly  too,  as  well  as  feveral  other  perfons,  with 
a view  of  determining  the  qiieffion,  whether  Points*  or 
knobs  are  to  be  preferred  for  the  terminations  of  con- 
dudors, made  feveral  experiments,  fhewu’ng  in  a variety 
of  Inffances,  the  efficacy  of  Points  in  filently  drawing 
off  the  eledricity,  and  preventing  ftiokes  which  would 
happen  to  knobs  in  the  fame  fituation.  Philoi.  Tranf. 
vol.  64,  part  2,  art.  iB.  dee  alfo  Thunder- 
Hovf\ 

Indeed  It  has  been  univerfally  allow'cd,  that  In  cafes 
where  the  quantity  of  eledricity,  wuth  which  thunder- 
clouds are  charged,  is  fmall,  or  when  they  move  ffow'ly 
in  their  paffage  to  and  over  a building,  pointed  conduc- 
tors, wEich  draw’  off  the  eledrical  fluid  filently,  within 
the  diffance  at  which  rounded  ends  will  explode,  will 
gradiiallv  exhaiifl  them,  and  thus  contribute  to  prevent 
a ffroke  and  prefcivc  the  buildings  to  which  ihcy  arc 
annexed. 
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But  it  has  been  faid  by  thofe  who  are  averfe  to  the 
life  of  fuch  condu£lor&,  that  if  clouds,  of  great  ex- 
tent, and  highly  electrified,  fhoiild  be  driven  direCtly 
over  them  with  great  velocity,  or  if  a cloud  hanging 
direCtly  over  buildings  to  which  they  are  annexed,  lud- 
denly  receives  a charge  by  explofion  from  another  cloud 
at  a dillance,  fo  as  to  enable  it  inilantly  to  llrike  into 
the  earth,  thefe  pointed  conductors  mull  take  the  ex- 
plofion  ; on  account  of  their  greater  readinefs  to  ad- 
mit eledlricity  at  a much  greater  dillance  than  thofe  that 
are  blunted,  and  in  proportion  to  the  difference  of  that 
Hriking  dillance,  do  mifchief  inllead  of  good  ; and 
therefore,  they  add,  that  fuch  pointed  conduClors, 
though  they  may  be  fometimes  advantageous,  are  yet  at 
other  times  prejudicial  ; and  that,  as  the  purpofe  for 
which  conduClors  are  fixed  upon  buildings,  is  not  to 
proteCl  them  from  one  particular  fort  of  clouds  only, 
but  if  poffible  from  all,  it  cannot  be  advifable  to  ufe 
that  kind  of  conduclors  which,  if  they  diminifh  danger 
on  the  one  hand,  will  increafe  It  on  the  otlier,  ile- 
fides,  it  is  alleged,  that  if  pointed  conductors  are  at- 
tended Vvdth  any  tire  flighted  degree  of  danger,  that 
danger  mud  be  confiderably  augmented  by  carrying 
them  high  up  into  the  air,  and  by  fixing  them  upon 
every  angle  of  a building,  and  by  making  them  pro- 
jeCl  in  every  direction.  Such  is  the  reafoning  of  Dr. 
Mufgrave;  fee  lus  paper  in  the  Philof.  Tianf.  vol.  68, 
part  2,  art.  36. 

Mr.  Wilfon  too,  didenting  from  the  report  of  a com- 
mittee of  the  Royal  Society,  appointed  to  infpeCt  the 
damage  done  by  lightning  to  the  lioufe  of  the  Board  of 
Ordnance,  at  Furfieet,  in  1777,  was  led  to  judify  his 
dident,  and  to  difparage  the  ufe  of  pointed  and  elevated 
conductors,  by  means  of  a magnificent  apparatus  lie 
condruCted,  with  which  he  might  produce  effeCts  fimi- 
lar  to  thofe  that  had  happened  in  the  cafe  referred  to 
the  confideration  and  decilion  of  the  committee.  With 
this  view  he  procured  a model  of  the  Board-houfe  at 
Purfleet,  refembling  it  as  nearly  as  poffible  in  every  ef- 
lential  appendage,  and  furnidicd  with  conductors  of  dif- 
ferent lengths  and  terminations.  And  to  conftruCl  a 
fubditute  for  a cloud,  he  joined  together  tlie  broad 
rims  of  120  drums,  forming  together  a cylinder  of 
I feet  in  length,  and  above  16  inches  in  diameter; 
and  this  immenfe  cylinder,  of  about  600  fquare  feet  of 
coated  furlace,  was  connected  occadonally  with  one 
end  of  a wire  4800  feet  long.  As  this  bulky  appara- 
tus, reprefenting  the  thunder-cloud,  could  not  conve- 
niently be  put  in  motion,  he  contrived  to  accompliffi 
the  fame  end  by  moving  the  model  of  the  building,  with 
a velocity  anfwering  to  that  of  the  cloud,  which  he 
dates,  at  a moderate  computation,  to  be  about  4 or  3 
miles  an  hour.  This  apparatus  was  charged  by  a ma- 
chine with  one  glafs  cylinder,  about  10  or  1 1 feet  from 
its  neared  end  ; and  the  whole  of  the  apparatus  was  dif- 
poled  in  the  great  room  of  the  Pantheon,  and  applied 
to  ufe  in  a variety  of  experiments.  But  it  is  impof- 
fible  within  the  limits  of  this  article  to  do  judice  to 
Mr.  Wilfon’s  experiments,  or  to  the  inferences  wlilch 
he  deduces  from  them.  Suffice  it  jud  to  obferve,  that 
mod  of  his  experiments,  in  which  the  model  tif  the 
houfe,  which  was  puffed  fwiftly  under  the  artificial 
floudj  and  having  anueited  to  it  either  the  pointed  or 


blunt  conduClors  at  the  fame  or  different  heights,  were 
intended  to  fiiew,  that  pointed  conduClors  are  druck  at 
a greater  dIdance,  and  with  a higher  elevation,  than 
the  blunted  ones:  and  from  all  his  experiments  made 
with  pointed  and  rounded  conduclors,  provided  the  cir- 
cnmdances  be  the  fame  in  both,  he  infers,  that  the 
rounded  ones  are  much  the  fafer  of  the  two  ; whether  ' 
the  lightning  proceeds  from  one  cloud  or  from  feveval  ; 
that  thofe  are  dill  fafer  which  rife  little  or  nothing 
above  the  highed  part  of  the  building  ; and  that  this 
fafety  arlfes  from  the  greated  refidance  exerted  at  the 
larger  furface.  See  Philof.  Tranf,  £01-1778,  pa.  232. 

The  committee  of  the  Royal  Society  however,  which - 
was  compofed  of  nine  of  the  mod  didinguinicd  electri- 
cians in  the  kingdom,  and  to  whom  was  referred  the  i 
confideration  of  the  mod  ed'eCdual  method  of  fecuring  i 
the  powder-magazines  at  Purfieet  againll  the  effcdls  of  \ 
lightning,  e^prefs  their  united  opinion,  that  elevated  | 
lharp  rods,  condrudded  and  difpofed  in  the  manner 
which  theydireCl,  are  preferable  to  low  conductors  ter-  ' 

minated  in  rounded  ends,  knobs,  or  balls  of  metal  ; i 

and  that  the  experiments  and  reafonings,  made  and  ai-  ^ 
leged  to  the  contrary,  by  Pvlr.  Wilion,  are  iiiconclu- 
five. 

?vlr.  Nairne  alfo,  in  order  to  obviate  the  objeclions  of 
Mr.  Wilfon  and  others,  and  to  vindicate  the  preference 
generally  given  to  high  and  pointed  condudlors,  con-  : 
druCted  a much  more  fimple  apparatus  than  that  of 
Mr,  Wilfon,  with  which  he  made  a number  of  well-de- 
figned  and  well-con du died  experiments,  which  feem  to  , 
prove  the  point  as  far  as  it  is  capable  of  being  proved 
by  an  artificial  elecxrical  apparatus.  From  thefe  lad 
experiments  it  appears,  that  though  the  point  w^as 
druck  by  means  of  a fwift  motion  of  the  artificial 
cloud,  yet  a fmall  ball  of  3 tenths  of  an  Inch  diameter 
was  druck  farther  off  than  the  Point,  and  a larger  ball 
at  a much  greater  dIdance  than  cither,  even  with  the 
fwifted  motion.  Upon  the  whole,  Mr.  Nairne  feems 
tobe  judified  i-n  preferring  elevated  pointed  condudlors  ; 
next  to  them,  thofe  that  are  pointedi"  though  they  rife 
but  little  above  the  highed  part  of  a building  ; and  af- 
ter them,  thofe  that  are  terminated  in  a ball,  and  placed 
even  with  the  highed  part  of  the  building.  See  Philof.  | 
Tranf.  1778,  pa.  823. 

On  the  other  part,  Dr.  Mufgrave,  not  yet  fatisfied, 
gave  In  another  paper,  being  “ Reafons  for  diffenting 
from  the  Report  of  the  Committee  appointed  to  confi- 
der  of  Mr.  Wilfon’s  Experiments  ; including  Remarks 
on  fome  Experiments  exhibited  by  Mr.  Nairne;”  which  ^ 
is  Inferted,  by  midakc,  before  Mr.  Nairne’s  paper,  , 
being  at  pa.  801  of  tliefame  volume. 

And  farther,  Mr.  Wilfon  h as  another  paper,  on  the 
fame  fnbjeCl,  at  pa.  999  of  the  fame  vol.  of  Philof,. 

1 ranf.  for  177^’  entitled,  New  Experiments  upon  ■ 
the  Leyden  Phial,  refpeClIng  the  termination  of  con- 
ductors repeating  and  affertiug  his  former  objeClions, 
and  reafonings. 

In  the  Philof.  Tranf.  too  for  1779,  pa,  454,  Mr., 
William  Swift  has  a paper,  farther  profecuting  this 
fubjeCl ; making  various  experiments  with  fiinple  and 
ingenious  machinery,  with  models  of  hoiifes  and  clouds, 
and  with  various  forts  of  conduClors.  From  the  expe- 
riments he  infers  in  general,  that  “ the  whole  current 
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of  thefe  experiments  tends  to  fhew  the  preference  of 
Points  to  balls,  in  order  to  diminifh  and  draw  off  the 
eleftric  matter  when  exciied,  or  to  prevent  it  from  ac- 
cumulating  ; and  confequently  the  propriety  or  even 
neceffity  of  terminating  all  condudors  with  Points,  to 
make  them  ufeful  to  prevent  damage  to  buildings  from 
lightning.  Nay  the  very  conlfrudion  of  all  eledrical 
machines,  in  which  it  is  neceffary  to  round  all  the  parts, 
and  to  avoid  making  edges  and  points  which  would 
hinder  the  matter  Irom  being  excited,  will,  I imagine, 
on  rededion,  be  another  corroborating  proof  of  the  re- 
iult  of  the  experiments  themfelves.’’ 

There  were  other  communications  made  to  the  Royal 
Society  upon  the  important  fiibjecl  of  condudors,  fome 
of  which  were  received,  and  others  rejeded.  Upon  the 
whole,  this  contell  turned  out  one  of  the  moll  extra- 
ordinary that  ever  was  agitated  in  the  Society;  pro- 
ducing the  moil  remarkable  difputes,  differences,  and 
llrange  confequences,  that  ever  the  Society  experienced 
fince  it  had  exillence  ; confequences  which  manifefled 
themfelves  in  various  inllancesfor  many  years  after,  and 
which  continue  to  this  very  dav.  All  wliich,  with  the 
various  fecret  Iprings  and  adonlfhing  intrigues,  may 
probably  be  given  to  the  public  on  fome  other  occa- 
fion. 

Point,  in  Geometry,  according  to  Euclid,  is  that 
which  has  no  parts,  or  is  indivilible  ; being  void  of  all 
exteniion,  both  as  to  length,  breadth,  and  depth. 

This  is  what  is  otherwife  called  the  Mathematical 
Point,  being  the  interfedion  of  two  lines,  and  is  only 
conceived  by  the  imagination  ; yet  it  is  in  this  that  all 
magnitude  begins  and  ends  ; the  extremes  of  a line 
being  Points;  the  extremes  of  a lurface.  Lines  ; and  the 
extremes  of  a folid.  Surfaces.  And  hence  Ionic  define  a 
Point,  the  inceptis^e  of  magnitude. 

Proportion  of  Mat hc?nalicai  Points.  It  is  a popular 
maxim,  tliat  all  infinites  are  equal  ; yet  is  the  maxim 
falfe,  whether  of  quantities  infinitely  great,  or  infinitely 
little.  Dr.  Halley  Inllances  in  feveral  infinite  quanti- 
ties which  are  in  a fiijlte  proportion  to  each  other  ; and 
fome  that  are  infinitely  greater  ihan  otliers.  See  In- 
finite ^antity. 

And  the  fame  is  fhewn  by  Mr.  Robarts,  of  infinitely 
fmall  quantities,  or  mathematical  Points.  He  demon- 
ftiates,  for  infiance,  that  the  Points  of  contad  between 
circles  and  their  tangents,  are  in  the  fubduplicate  ratio 
of  the  diameters  of  the  circles  ; that  the  Point  of  con- 
tad  between  a fphere  and  a plane  is  infinitely  greater 
than  between  a circle  and  a line  ; and  that  the  Points 
of  contad  In  fpheres  of  different  magnitudes,  are  to 
each  other  as  the  diameters  of  the  fpheies.  Philof. 
Tranf.  vol.  27,  pa.  470. 

Conjugate  Point,  is  ufed  for  tliat  Point  into  which 
the  conjugate  oval,  belonging  to  fome  kind  of  curves, 
vaniflies.  Maclaurin’s  Alg.  pa.  308. 

Point  of  Contrary  Flexure ^ &c.  See  Inflexion, 
Retrogradation  or  Retrogression,  &c,  of  curves. 

Points  of  the  Compafs,  or  Horizon^  &;c,  in  Geogra- 
phy and  Navigation,  are  the  Points  of  divifion  when  the 
whole  circle,  quite  around.  Is  divided  into  32  equal 
parts.  Thefe  Points  are  therefore  at  the  diflance  of  the 
3 2d  part  of  the  circle,  or  11°  15',  from  each  other; 
hence  37/^  is  the  diflance  of  the  half  points,  and 


2°  48 '4  IS  the  diflance  of  the  quarter  Points.  See 
Compass.  The  principal  of  thefe  are  the  four  cardi- 
nal Points,  eafl,  weft,  north  and  fouth. 

Point  is  alfo  ufed  for  a cape  or  headland,  jutting  out 

into  the  fea. The  feamen  fay  two  Points  of  land 

are  one  In  another,  when  they  are  in  a right  line,  the 
one  behind  the  other. 

Point,  in  Optics.  As  the 

Yoi's’i  oj  Concoiirfe  ox  Concurrence^  is  that  in  which 
converging  rays  meet  ; and  is  ufually  called  focus. 

Point  of  Dijpeijion,  Incidence^  Refledionj  Refradiorty 
and  Radiant  Point.  See  thefe  feveral  articles. 

Point,  in  Perfpedive,  is  a term  ufed  for  various 
parts  or  places,  with  regard  to  the  perfpedive  plane. 
As,  the 

Point  of  Sl^^hty  or  of  the  eye,  called  alfo  the  Principal 
Point,  IS  tlie  Point  011  a plane  where  a perpendicular 
from  the  eye  meets  It.  See  Perspective. 

Some  authors,  however,  by  tlie  Point  of  Sight,  or 
Viiion,  mean  the  Point  where  the  eye  is  adually  placed, 
and  where  all  the  rays  terminate.  See  Perspeceive. 

Point  of  Diflance,  is  a Point  in  a hori/.ontal  line,  at 
the  fame  diftance  from  the  principal  Point  as  the  eye  Is 
from  the  fame.  See  Perspective. 

dhird  Point,  is  a Point  taken  at  dlfcretion  in  the 
line  of  diftance,  where  all  tlie  diagonals  meet  that  are 
drawn  from  the  divifionsof  the  geometrical  plane. 

Ohjecliue  PoiN  r,  is  a Point  on  a geometrical  plane, 
whofe  reprefentation  on  the  perfpedlive  plane  Is  re- 
quired. 

Accidental  Point,  and  Vifual  Point.  See  Acci- 
dental mid  Visual. 

Point  0/  View,  with  regard  to  Building,  Painting, 
6cc,  is  a Point  at  a certain  diftance  from  a building,  or 
other  objtd,  where  the  eye  has  the  mod  advantageous 
view  or  profped  of  the  fame.  And  this  Point  is  ufually 
at  a diftance  equal  to  the  height  of  tlie  building. 

PoiN  T,  in  Phyfics,  is  tlie  fmalleft  or  leaft  fenfible 
objeft  of  fight,  marked  with  a pen,  or  point  of  a 
compafs,  or  the  like.  This  is  popularly  called  a Phylical 
Point,  and  of  fuch  does  all  phylical  magnitude  confift. 

Point-Blanc,  Point-Blanh,  in  Gunnery,  denotes 
the  horizontal  or ‘level  pofition  of  a gun,  or  having  its 
muzzle  neither  elevated  nor  deprefted.  AndthePoint- 
blanc  range,  is  the  diftance  the  fliot  goes,  before  it 
ftrikes  the  level  ground,  when  difchargtd  in  the  hori- 
zontal or  Poilit-blanc  dirtUIon.  Or  fometimes  this 
means  the  diftance  the  ball  goes  horizontally  In  a ftraight- 
lined  diredfion, 

POINTING,  in  Artillery  and  Gunnery,  is  the  lay- 
ing a piece  of  ordnance  In  any  propoled  direction,  ei- 
ther horizontal,  or  elevated,  or  depreffed,  to  any  an- 
gle. This  is  ufually  efttdlcd  by  means  of  the  gunner’s 
quadrant,  which,  being  applied  to,  or  in,  the  muzzle 
of  the  piece,  ftiews  by  a plummet  the  degree  of  eleva- 
tion or  depreffion. 

Pointing,  in  Navigation,  Is  'the  marking  on  the 

chart  in  what  Point,  or  place,  the  veffel  is. — This  is 

done  by  means  of  the  latitude  and  longitude,  after 
tbefe^  are  known,  or  found  by  obfervation  or  computa- 
tion. Thus,  draw  a line,  with  a pencil,  acrofs  the 
chart  according  to  the  latitude  ; and  another  acrofs  the 
other  way  according  to  the  longitude  ; then  the  Inter- 
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of  tKefe  two  lines,  is  the  Point  or  placo  on 
the  chart  where  the  Ihip  is;  which  is  then  marked 
black  with  a pen,  and  the  pencil  lines  rubbed  out. 
From  the  Point  or  place,  thus  found,  the  chart  readily 
flievvs  the  direct  dillance  and  courfe  run,  as  alfo  yet  to 
run  to  the  intended  port,  &c. 

POLAR,  fomething  that  relates  to  the  poles  of  the 
world:  as  polar  virtue,  polar  tendency. 

Polar  Circles,  are  two  leiTer  circles  of  the  fphere, 
or  globe,  one  round  each  pole,  and  at  the  fame  dd- 
tancefrom  it  as  is  equal  to  the  fun’s  greateft  declination 
or  the  obliquity  of  the  ecliptic  ; that  is?  at  prefent 
23°  28h-~The  fpace  included  within  each  polar  circle, 
is  the  frigid  zone  ; and  to  every  part  of  this  fpace,  the 
iiin  never  fets  at  fome  time  of  the  year,  and  never  riles 
at  another  time  ; each  of  thefe  being  a longer  duration 
as  the  place  is  nearer  the  pole. 

Polar  Dials,  are  fuch  as  have  their  planes  parallel 
to  fome  great  circle  pairing  through  the  poles,  or  to 
iome  one  of  the  hour-circles  ; fo  that  the  pole  is  neither 
elevated  above  the  plane,  nor  depreifed  below  it. — 'This 
dial,  therefoi'e,  can  have  no  centre  ; and  confequenlly 
its  ft  vie,  fubftyle,  and  hour-lines,  are  parallel.— This 
will  tlierefore  be  an  hoiazontal  dial  to  thofe  who  live  at 
the  equator. 

Polar  Projetlion,  is  a reprefentatlon  of  the  earth,  or 
heavens,  projected  on  the  plane  of  one  of  the  polar 
circles. 

Polar  Regions,  are  thofe  parts  of  the  earth  which 
lie  near  the  north  and  fouth  poles. 

POLARITY,,  the  quality  of  a thing  having  poles, 
or  pointing  to,  or  refpedting  fome  pole  : as  the  magne- 
tic needle,  &c. 

By  heating  an  iron  bar,  and  letting  it  cool  again  in  a 
vertical  pofition,  it  acquires  a polarity,  or  magnetic 
virtue  : the  low'er  end  becoming  the  north  pole,  and  the 
upper  end  the  fouth  pole.  But  iron  bars  acquire  a po- 
larity by  barely  continuing  a long  time  in  an  eredf  pofi- 
tion, even  without  heating  them.  Thus,  the  upright 
iron  bars  of  fome  windows,  &c,  are  often  found  to 
have  poles  : Nay,  an  iron  rod  acquires  a polarity,  by 
the  mere  holding  it  eredt ; the  lower  end,  in  that  cafe, 
attracting  the  fouth  end  of  a magnetic  needle  ; and  the 
upper,  the  north  end.  But  thefe  poles  are  mutable, 
and  ftiift  with  the  fituation  of  the  rod. 

Borne  modern  writers,  particularly  Dr.  Higgins,  in 
his  Philofophical  Eftay  concerning  Light,  have  main- 
tained the  polarity  of  the  parts  of  matter,  or  that  their 
hmple  attractions  are  more  forcible  in  one  direction,  or 
axis  of  each  atom,  than  In  any  other. 

POLES,  in  Afti-onomy,  the  extremities  of  the  axis 
upon  which  the  whole  fphere  of  the  world  revolves  ; or 
the  points  on  the  furface  of  the  fphere  through  which 
the  axis  paffes.  Thefe  are  on  every  fide  at  the  diftaiice 
of  a quadrant,  or  90°,  from  every  point  of  the  equinoc- 
tial, and  are  called,  by  way  of  eminence,  the  poles  of 
the  world.  That  which  is  vifible  to  us  in  Europe,  or 
raifed  above  our  horizon,  is  called  the  ArCIic  or  North 
Pole;  and  its  oppoftte  one,  the  Antarctic  or  South 
Pole. 

Poles,  in  Geography,  are  the  extremities  of  the 
.earth’s  axis ; or  the  points  on  the  furface  of  the  earth 
through  which  the  axis  pafies.  Of  which,  that  elevated 


above  our  horizon  Is  called  the  ArCfIc  or  NortIrPole  j 
and  the  oppoftte  one,  the  AntarCtic  or  South  Pole. 

In  confequence  of  the  fituation  of  the  Poles,  with 
the  inclination  of  the  earth’*s  axis,  and  its  parallelifrA 
during  the  annual  motion  of  our  globe  round  the  fun, 
the  Poles  have  only  one  day  and  one  night  througftioiit 
the  year,  each  being  half  a year  in  length.  And  be- 
caule  of  the  obliquity  with  which  the  rays  of  the  fun 
fall  upon  the  polar  regions,  and  the  great  length  of  the 
night  in  the  winter  feaion,  it  is  commonly  fuppofed  the 
cold  is  fo  intenfe,  that  thofe  parts  of  the  globe  which 
lie  near  the  Poles  have  never  been  fully  explored,  though 
the  attempt  has  been  repeatedly  made  by  the  moft  cele- 
brated navigators.  And  yet  Dr.  Halley  was  of  opinion, 
that  the  folftitial  day,  at  the  Pole,  is  as  hot  as  at  the 
equator  when  the  fun  is  in  the  zenith  ; beoaufe  all  the 
24  hours  of  that  day  under  the. Pole  the  fun -beams  are 
inclined  to  the  horizon  in  an  angle  ot  23^  28^ ; whereas 
at  the  equator,  though  the  fun  becomes  vertical,  yet  he 
Ihines  no  more  than  12  hotirs,  being  abfent  the  other 
12  hours  : and  beiides,  that  during  3 hours  8 minutes 
of  the  1 2 hours  which  he  is  above  the  horizon  there,  he 
is  not  fomiich  elevated  as  at  the  Pole.  Experience  how- 
ever feems  to  flrevv  that  this  opinion  and  reafonlng  of  D r. 
Halley  are  not  well  founded  : for  in  all  the  parts  of  the 
earth  that  we  know,  the  middle  of  fummer  is  always  the 
lefs  hot  the  farther  the  place  is  from  the  equator,  or  the 
nearer  it  is  to  the  Pole. 

The  great  object  for  which  navigators  have  ventured 
themLlves  in  the  frozen  feas  about  the  north  pole,  was 
to  find  out  a more  quick  and  ready  paflage  to  the  Eaft 
Indies.  And  this  has  been  attempted  three  feverai  ways : 
one  by  coafting  along  the  northern  parts  of  Europe  and 
Afta,  called  the  north-eall  pafiage;  another,  by  failing 
round  the  northern  part  of  the  American  continent, 
called  the  north-weft  paftage  ; and  the  third,  by  failing 
diredtly  over  the  pole  itfelf. 

The  poffibility  of  fucceeding  In  the  north-eaft:  was  for 
a long  time  believed  ; and  in  the  laft  century  m.any  na- 
vigators, particularly  the  Hollanders,  attempted  it  with 
great  fortitude  and  perfeverance.  But  It  was  always 
found  impolfible  to  furmountthe  obftacles  which  nature 
had  thrown  In  the  way  ; and  fubfequent  attempts  have 
in  a manner  demonftrated  the  impoffibility  of  ever  fail- 
ing eaftward  along  the  northern  coaft  of  Afta.  The 
reafon  of  this  impoffibility  is,  that  in  proportion  to  the 
extent  of  land,  the  cold  is  always  greater  in  winter,  and 
vice  verfa.  This  is  the  cafe  even  in  temperate  climates; 
but  much  more  fo  in  thofe  frozen  regions  when  the 
fun’s  influence,  even  in  fummer,  is  but  fmall.  Hence, 
as  the  continent  of  Afla  extends  a vaft  way  from  weft 
to  eaft,  and  has  beftdes  the  continent  of  Europe  joined 
to  it  on  the  weft,  it  follows,  that  about  the  middle  part 
of  that  tracf  of  land  the  cold  ffiould  be  greater  than 
any  where  elfe.  Experience  has  determined  this  to  be 
fadft  ; and  it  now  appears,  that  about  the  middle  of 
the  northern  part  of  Afta,  the  ice  never  thaws  ; neither 
have  even  the  hardy  Ruflians  and  Siberians  tliemfelves 
been  able  to  overcome  the  difficulties  they  meet  with  In 
that  part  of  their  voyages. 

With  regal'd  to  the  north-weft  paflage,  the  fame  dif- 
ficulties occur  as  In  the  other.  Accctfdfng  to  Captain 
CookL  voyage,  it  appears  that  if  there  is  any  ftrait 
- which 
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which  divides  the  continent  of  America  into  two,  it 
mull  lie  in  a higher  latitude  than  70°,  and  confequently 
be  perpetually  frozen  up.  And  therefore  if  a north- 
well  palTag-e  can  be  found,  it  muft  be  by  failing  round 
the  whole  American  continent,  inllead  of  feeking  a paf- 
fage  through  it,  which  fome  have  fuppofed  to  exill  in 
the  bottom  of  Baffin’s  Bay.  But  the  extent  of  the 
American  continent  to  the  northward  is  yet  unknown  ; 
and  there  is  a poffibdity  of  its  being  joined  to  that  part 
of  Aha  between  the  Piahda  and  Chatanga,  which  has 
never  yet  been  circumnavigated.  Indeed  a rumour  has 
lately  gone  abroad  of  fome  remarkable  inlet  being  ob- 
ferved  on  the  wellern  coall  of  North  America,  which  it 
is  guelTed  may  poffibly  lead  to  fome  communication 
wuth  the  eallern  {jde,  by  the  lakes,  or  a paffage  into 
Hudfon’s  Bay  ; but  there  feems  little  or  no  probability 
of  any  fuccefs  this  way,  in  which  many  friiitlefs  at- 
tempts have  been  made  at  various  times.  It  remains 
therefore  to  confider,  whether  there  Is  any  pro- 
bability of  attaining  the  wlflied-for  paffiige  by  failing 
diieflly  north,  between  the  eallern  and  wellein  conti- 
nents. 

The  late  celebrated  msathematician,  Mr.  Maclaurin, 
was  fo  fully  perfuaded  of  the  pradlicabillty  of  paffing  by 
this  way  to  the  South  and  Indian  Teas,  that  he  ufed  to 
fay,  if  his  other  avocations  would  permit,  he  would 
undertake  the  voyage  of  trial,  even  at  his  own  ex- 
pence. 

^ The  pradlicability  of  this  method,  which  would  lead 
diredlly  to  the  Pole  itfclf,  has  alfo  been  Ingenloufly  fup- 
ported  by  Mr,  Daines  Barrington,  in  fome  tradls  pub- 
lilhed  in  the  years  1775  ^77^5  confequence  of 

the  unfuccefsful  attempt  made  by  captain  Phipps  in  the 
year  1773?  reach  a higher  northern  latitude  than 
81°.  iMr.  Barrington  Inllances  a great  number  of  navi- 
gators who  have  reached  very  high  northern  latitudes  ; 
nay,  fome  who  have  been  at  the  Pole  itfelf,  or  gone  be- 
yond it.  Prom  all  which  he  concludes,  that  if  the 
voyage  be  attempted  at  a proper  time  of  the  year,  there 
would  not  be  any  great  difficulty  in  reaching  the  Pole. 
1 hofe  vaft  pieces  of  ice  which  commonly  obllrudl  the 
navigators,  he  thinks,  proceed  from  the  mouths  of  the 
great  Afiatlc  rivers  which  run  northward  into  the  frozen 
ocean,  and  are  driven  eaflward  and  wellvvard  by  the 
currents.  But,  though  we  Ihould  fuppofe  them  to 
come  directly  from  the  Pole,  Hill  our  authem  thinks  that 
this  affords  an  undeniable  proof  that  the  Pole  Itfelf  Is 
free  from  ice  ; becaufe,  when  the  pieces' dcave  it,  and 
come  to  the  fouthward,  it. Is  impoffible  that  they  can 
at  the  fame  time  accumulate  at  the  Pole. 

TA  Ahiiude  or  Eh  vat  ion  of  the  Pole,  is  an  arcli  of 
the  meridian  intercepted  between  the  Pole  and  the  ho- 
rizon of  any  places,  and  is  equal  to  the  latitude  of  the 
place. 

Eg  ohferve  the  Altitude  of  the  Pole.  With  a qua- 
drant, obferve  both  the  greatell  and  lead  meridian  alti- 
tude of  the  Pole  liar.  Then  half  the  lum  of  the  two 
altitudes,  will  be  the  height  of  the  Pole,  or  the  latitude 
of  the  place  ; and  half  the  difference  of  the  fame  will  be 
the  diftance  of  the  liar  from  the  Pole.  But,  for  accu- 
racy, the  obferved  altitudes  fhould  be  correfted  on  ac- 
count of  refradtion,  before  their  fum  or  difference  is 
taken.  See  R E FR  ACTION. 

Pole,  in  Spherics,  or  the  Pole  of  a great  circle,  is 


a point  upon  the  fphere  equally  didant  from  every  part 
of  the  circumference  of  the  great  circle ; or  a point 

didant  from  the  circumference  in  any  part  of  It. 

The  zenith  and  nadir  are  the  Poles  of  the  horizon  ; and 
the  Poles  of  the  equator  are  the  fame  with  thofc  of  the 
fphere  or  globe. 

Poles,  in  Magnetics,  are  two  points  In  a load- 
done,  correfponding  to  the  Poles  of  the  world  ; one 
pointing  to  the  north,  and  the  other  to  the  fouth. 

If  the  done  lie  broken  in  ever  fo  many  pieces,  every 
fragment  will  dill  have  its  two  Poles.  And  if  a magnet 
be  bifecled  by  a plane  perpendicular  to  the  axis  ; the 
two  points  before  joined  will  become  oppofite  Poles, 
one  in  each  fegment. 

To  touch  a needle.  Sec,  with  a magnet,  that  part  in- 
tended for  the  north  end  is  touched  with  the  fouth 
Pole  of  the  magnet  ; and  tliat  intended  for  the  fouth 
end,  with  the  north  Pole  ; for  the  Poles  of  the  needle 
become  contrary  to  thofe  of  the  magnet. 

A piece  of  iron  acquires  a polarity  by  only  holding 
it  upright ; though  its  Poles  are  not  fixed,  but  fhift, 
and  are  Inverted  as  the  iron  is.  Fire  dedroys  all  fixed 
Poles  ; but  it  ffrengthens  the  mutable  ones. 

Dr.  Gilbert  fays,  the  end  of  a rod  being  heated,  and 
left  to  cool  pointing  northward,  It  becomes  a fixed 
north  Pole;  If  fouthward,  a fixed  fouth  Pole.  When 
the  end  is  cooled,  held  downward,  it  acquires  rather 
more  magnellfm  than  if  cooled  horizontally  towards 
the  north.  But  the  bed  way  is  to  cool  It  a little  in- 
clined to  the  north.  Repeating  the  operations  of  heat- 
ing and  cooling  does  not  incrcafe  the  effedl. 

Dr.  Power  fays,  if  a rod  be  held  northwards,  and 
the  north  end  be  hammered  In  that  pofition,  it  will  be- 
come a fixed  north  Pole  ; and  contiTU'ily  if  the  fouth 
end  be  ham.mered.  dffie  heavier  the  blows  are,  creteris 
paribus,  the  dronger  will  the  magnetifin  be  ; and  a few 
liard  blows  have  as  much  effecl  as  a great  number. 
And  what  is  faid  of  hammering,  is  to  be  llkewlfe  im- 
derdood  of  filing,  grinding,  fawing,  See;  nay,  a gen- 
tle rubbing,  when  long  continued,  will  produce  Poles. 

Old  punches  and  drills  have  all  fixed  nortli  poles  ; 
becaufe  they  are  almod  condantly  ufed  downwards. 
New  drills  have  either  mutable  Poles,  or  weak  north 
ones.  Drilling  with  fuch  a one  fouthwai*d  horizontally, 
it  is  a chance  if  you  produce  a fixed  fouth  Pole  ; much 
lefs  if  you  drill  fouth  downwards  ; but  by  drilling  fouth 
upwards,  you  always  make  a fixed  fouth  Pole. 

Mr.  Ballard  fays,  that  in  6 or  7 drills,  made  in  his 
prefence,  the  bit  of  each  became  a north  Pole,  merely 
by  hardening. 

A weak  fixed  Pole  may  degenerate  into  a mutable 
one  in  a day,  or  even  in  a few  minutes,  by  holding  it 
in  a pofition  contrar}’  to  its  pole.  The  loadfione  itfelf 
will  not  make  a fixed  Pole  in  every  piece  of  iron  : if  the 
iron  be  thick,  it  is  neceflary  that  it  have  fome  conii- 
derable  length. 

Pole  of  a Glafs,  In  Optics,  is  the  thickefi  part  of  a 
convex  glafs,  or  the  thlnnell  part  of  a concave  one  ; 
being  the  fame  as  what  is  otherwife  called  the  vertex  of 
the  glafs;  and  which,  wdien  truly  ground,  Is  exactly  in 
the  middle  of  its  furface. 

Pole,  or  Rod,  In  Surveying,  is  a lineal  meafure 
containing  5 jwards,  or  i6|  feet.— The  fquare  of  it  is  call- 
ed a fqnare  Pule  ; but  more  ufually  a perch,  or  a rod. 

Pole- 
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Polp-St  AR,  IS  a ftar  of  the  2d  magnitude  near  the 
north  Pole,  in  the  end  of  the  tail  of  Urfa  Minor,  or 
the  Little  Bear.  Its  mean  place  in  the  heavens  for  the 
beginning  of  1790,  was  as  follows  : viz, 


Right  Afcenfion 

- 

12° 

47 

Annual  varlat.  In  ditto 

& 

6 

3 

4 

Declination 

• 

88 

1 1 

8 

Annual  varlat.  in  ditto 

0 

0 

The  nearnefs  of  this  Har 

to  the  Pole, 

on 

which  ac- 

count  it  is  always  above  the  horizon  in  thefe  northern 
latitudes,  makes  it  very  ufeful  in  Navigation,  &c,  for 
determining  the  meridian  line,  the  elevation  of  Pole, 
and  confeqiiently  the  latitude  of  the  place,  S:c. 

POLEMOSCOPE,  in  Optics,  an  oblique  kind  of 
profpedtive  glafs,  contrived  for  the'  feeing  of  objects 
that  do  not  lie  direftly  before  the  eye.  It  was  in- 
vented by  Hevelius,  in  1637,  and  is  the  fame  as  Opera 
Glafs  ; which  fee. 

POLITICAL  Arithmetic , the  application  of  arith- 
metical calculations  to  political  ufes  and  fiibjedls  ; fuch 
as  the  public  revenues,  the  number  of  people,  the  extent 
and  value  of  lands,  taxes,  trade,  commerce,  or  what- 
ever relates  to  the  power,  ftrength,  riches,  &c,  of  a 
nation  or  commonwealth.  Or,  as  Davenant  concifely 
defines  it,  the  art  of  reafoning  by  figures,  upon  things 
relating  to  government* 

The  chief  authors  who  have  attempted  calculations 
of  this  kind,  are.  Sir  William  Petty,  Major  Graunt, 
Dr.  Halley,  Dr.  Davenant,  Mr.  King,  and  Dr* 
Price* 

Sir  William.  Petty,  among  many  other  articles,  Hates 
that,  in  his  time,  the  people  in  England  were  about 
iix  millions,  and  their  annual  expence  about  7I*  each ; 
that  the  rent  of  the  lands  was  about  eight  millions,  and 
the  interefts  and  profits  of  the  perfonal  efiates  as  much  | 
that  the  rent  of  the  houfes  in  Eingland  was  four  millions, 
and  the  profits  of  the  labour  of  all  the  people  twenty-^fix 
millions  yearly  ; that  tlie  corn  ufedfin  England,  at  5s* 
the  bllfhel  for  wheat,  dnd  2s.  6d.  for  barley,  amounts 
to  ten  millions  per  annum  ; that  the  navy  of  lingland 
tequired  36,000  men  to  man  it,  and  the  trade  and 
other  fhippi'ig  about  48,006  ; that  the  whole  people  in 
England,  Scotland,  and  Ireland,  together,  Were  about 
rune  millions  and  a half ; and  thofe  in  France vabout 
thirteen  millions  and  a half } and  in  the  whole  vimrld 
about  350  millions  } alfo  that  the  whole  cafli  of  Eng- 
land, in  current  money,  was  then  about  fix  millions 
llerling.  See  his  Political  Arith., p«  74,  .^c. 

Mr.-  Davenant  gives  fome  good  reafons  why  many  of 
Sir  W.  Petty's  numbers  are  not  to  be  entirely  depended 
on  ; and  advances  others  of  his  own,  founded  on  the 
obfervatiotis  of  Mr.  Greg.  King.  Some  of  the  parti- 
culars are,  that  the  land  of  England  is  thirty-nine  mil- 
lions of  acres  5 that  the  number  of  people  in  London 
was  about  530,000,  and  in  all  England  five  millions  and 
a half,  increafmg  9000  annually,  or  about  the  booth 
part ; the  yearly  rent  of  the  lands  ten  millions,  and 
that  of  the  houles  two  millions  ; the  produce  of  all  kinds 
of  grain  g millions.  Davenant's  EflTay  upon  the  proba- 
ble methods  &c,  in  his  works,  vol.  6. 

Major  Graunt,  in  his  obfervations  on  the  bills  of  mor- 
tality, computes,  that  there  are  39,000  fquare  miles  of 
land  in  England,  or  25  million  acres  in  England  and 


Wales,  and  4,600,000  perfons,  making  about  5 acres 
and  a half  to  each  peifon  Tthat  the  people  of  London 
were  640,000  ; and  Hates  the  feveral  numbers  of  per-  ^ 
fons  living  at  the  different  ages. 

Sir  William  Petty,  in  his  difeourfe  about  duplicate 
proportion,  farther  ilates,  that  It  is  found  by  expe- 
rience, that  there  are  more  perfons  living  between  16 
and  26  than  of  any  other  age  ; and  from  thence  he  in- 
fers, that  the  fquare  roots  of  every  number  of  men's 
ages  under  16,  whofe  root  is  4,  fiiew  the  proportion 
of  the  probability  of  fuch  perfons  reaching  the  age  of 
70  years  : thus,  the  probability  of  reaching  that  age  by 
perfons  of  the 

ages  of  16,  9,  4,  and  i, 

are  as  4,  3,  2,  i,  refpedlively* 

Alfo  that  the  probabilities  of  their  order  of  dying,  at 
ages  above  that,  are  as  the  fquare-roots  of  the  ages  * 
thus,  the  probabilities  of  the  order  of  dying  firH, 

of  the  ages  16,  25,  36,  &c, 
are  as  the  roots  4,  5,  6,  dec. 

that  is,  the  odds  are  5 to  4 that  a perfon  of  25  dies 
before  one  of  1 6,  and  fo  on,  declining  up  to  70  years 
ol  age* 

Dr.  Halley  has  made  a very  exadi  eHimatlon  of  the 
degrees  of  mortality  of  mankind,  from  a curious  table 
of  the  births  and  burials,  at  the  city  of  Breflau,  in  Si- 
lefia  ; with  an  attempt  to  afeertain  the  price  of  annui- 
ties upon  lives,  and  many  other  curious  particulars.  See 
the  Phllof.  Tranf.  vol.  17,  pa*  596.  Another  table  of 
this  kind  is  given  by  Mr.  SImpfon,  for  the  city  of  Lon- 
don ; and  feveral  by  Dr.  Price,  for  many  different 
places. 

Mr.  Kerfeboom,  of  Holland,  has  many  and  curious 
calculations  and  tables  of  the  fame  kind.  From  his  ob- 
fervatlons  on  the  births  of  the  people  in  England,  it 
appears,  that  the  number  of  males  born,  is  in  pro- 
portion to  that  of  the  females,  as  iS  to  175  and  that 
the  inhabitants  living  in  Holland  are  in  the  fame  pro- 
portion* 

Dr.  Brackenridge  has  given  an  eHimate  of  the  num- 
ber of  people  in  England,  formed  both  from  the  niim* 
ber  of  houfes,  and  alfo  from  the  quantity  of  bread  con- 
fumed.  Upon  the  former  principle,  he  finds  the  num- 
ber of  houfes  in  England  and  Wales  to  be  about 
900,000  ; and,  allowing  6 perfons  to  each  hoiife,  the 
number  of  people  near  5 millions  and  a half.  And  upon 
the  latter  principle,  eHimating  the  quantity  of  corn 
confumed  at  home  at  2 millions  of  quarters,  and  3 per-  1 
fons  to  every  quarter  of  corn,  makes  the  number  of  1 
people  6 millions*  See  Philof.  Tranf.  vol.  49,  art.  45 
and  1 1 3*  '' 

Dr.  Derham,  from  a great  number  of  regiHers  of 
places,  finds  the  proportions  of  the  marriages  to  the  births 
and  burials  ; and  Dr.  Price  has  done  the  fame  for  Hill 
more  places  ; the  mediums  of  all  which  are. 

Marriages  to 
Births,  as 

Dr.  Derham  - i to  4*7 

Dr*  Price  - i to  3-9 

See  Philof.  T rank  Abr.  vol.  7,  part  4,  pa.  46 ; alfo 
Dr.  Price’s  Obfervations  on  ReverHonary  Payments  i 
and  the  articles  of  this  Dictionary,  Expectation  of 
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,TJh’i  l^^v^-Jnnuitles,  MoRTALrTY^  PopulatioL'', 

&c.  ^ ^ 

POLLUX?  in  Agronomy,  the  hiRd  twin,  or  the 
pofterior  part  ot  the  conftellation  Gemini. 

Pollux  is  alfo  a iixed  ftar  of  thefecond  magnitude, 
in  the  conilellation  Gemini,  or  the  Twins.  See  Cas- 
tor and  PoUiix,  allu  Gemini. 

POLYACOUSTICS,  inftruments  contrived  to  mul- 
tiply iounds,  as  polylcopes  or  multiplying  glaifes  do 
the  images  of  objects. 

POL^'^EDRON.  See  Polyhedron. 

POLYGON,  in  Geometry,  a hgure  of  many  an- 
gles; and  confequently  of  many  fides  alfo  ; for  every 
hgure  has  as  many  Tides  as  angles.  If  the  angles  be  all 
equal  among  themfelves,  the  polygon  is  laid  to  be  a re- 
gular one  ; otherwife,  it  is  irregular.  Polygons  alfo 
take  particular  names  according  to  the  number  of  their 
Tides  ; thus  a Polygon  of 


3 lides  is  called  a trigon,  . 

4 lides  - a tetragon, 

5 Tides  - a pentagon, 

3 - a hexagon,  *&c. 


6 fid 


and  a circle  may’ be  confidered  as  a Poly^gon  of  an  infi- 
nite number  of  fmall  lides,  or  as  the  limit  of  the  Poly- 
gons. 

Polygons  have  various  properties,  as  below  ; 

1.  Eveiy  Poly^gon  may’  be  divided  into  as  many  tri- 
angles as  it  hath  fides. 

2.  The  angles  of  any'  Poh’gon  taken  together,  make 
twice  as  many^right  angles/ wanting  4,  the  figure 
hath  lides.  1 bus,  if  the  Polygon  has  5 lides  ; the 
double  ol  tliat  is  lo,  fi-ojn  whiclr  fubtracling  4,  lea-vcs 
6 right  angles,  or  540  degrees,  which  is  the  fuin  of  the 
5 angles  ol  the  pentagon.  And  this  property’,  as  well 
as  the  former,  belongs  to  both  regular  and  irregular 
lYlygons. 

4 O 


3.  Every  i‘cgular  Polygon  may  b,e  either  inferibed  in 
a Circle,  or  delcribed  about  it.  But  not  fo  of  the  irre- 
gular ones,  except  the  triangle,  and  anotlier  particular 
cafe  as  in  the  following  property'. 

An  equilateral  figure  Inferibed  in  a circle,  is  al- 
ways equiangular.— - But  an  equiangular  figure  inferibed 
in  a circle  is  not  always  equilaterak  but  only  when  the 
number  of  fides  is  odd.  For  if  the  fides  he  of  an  evtn 
number,  then  they  may  either  be  all  equal  ; or  elfe  half 
of  them  may  be  equal,  and  the  other  half  equal  to  each 
other,  but  different  from  the  former  half,  the  equals 
being  placed  alternately. 

_ 4.  Every  Polygon,  circirmfcrlbed  about  a circle,  is 
equal  to  a right-angled  triangle,  of  which  one  leg  is  the 
iadius  of  the  circle,  and  the  otlicr  the  perimeter  or 
fum  of  all  the  fides  of  the  Polygon.  .Or  the  Polygon 
IS  equal  to  half  the  redfangle  under  its  perimeter  and  the 
yaduis  of  its  inferibed  circle,  or  the  pci pendicular  from 
Its  centre  upon  one  fide  of  the  Pohyon. 

^ Hence, ^ tlie  area  of  a circle  being  lefs  than  that  of  its 
circumfcnbing  Poly'gon,  and  greater  than  that  mf  its 
inferibed  Polygon,  the  .-circle  is  the  limit  *of  the  in- 
fcrlbed  and  circumferibed  Polygons  ; in  like  manner 
the  ciicumference  of  the  circle  is  the  limit  between  the 
pyrimeters^of  the  faid  Polygons  : confequently  the  cir- 
cle is  equal  to  a right-angled  triangle,  having  one  leo- 
VOL.  IL 


equal  to  the  radius,  and  the  other  leg  equal  to  the  cir- 
cumference  ; and  therefore  its  area  is  found  by  multi- 
plying half  the  circumference  by  half  the  diameter.  In 
like  manner,  the  area  of  any’  Polygon  is  found  by  mul- 
tiplying half  its  perimeter  by  the  perpendicular  demit- 
ted  from  the  centre  upon  one  fide. 

5'.  The  following  Table  exhibits  the  moE  remark- 
able particulars  in  all  the  Polygons,  up  to  the  dodecagon 
of  I 2 fides  ; viz,  the  angle  at  the  centre  AOB,  the 
angle  of  th^  Polygon  C or''CAB  or  double  of  OAB, 
and  the  area  of  the  Polygon  when  eacii  fide  AB  is  i, 

4 O 

(See  the  following  figure.) 


No.  of 
lides. 

Name  of 
Polygon. 

Aag.  k) 
at  cent. 

1 Ang.  C. 

1 01  Polyg. 

I Area.  i 

1 

3 

Trigon 

I 20° 

rN 

0 

0 

0-4330127 

4 

Tetragon 

90 

90 

1*0000000  ' 

S 

Pentagon 

72 

108 

1*7204774 

6 

Hexagon 

60 

• 

120 

2*3980762  ^ 

7 

Heptagon 

5P 

128^ 

3’6339i24  , 

8 

Odtagon 

45 

4*8284271 

9- 

Nonagon 

40 

1 40 

6*1818242  ' 

i 

Decagon 

36  1 

14+  ' 

7*6942088 

1 1 

L^n  decagon 

9'3^5^399 

1 2 

Dodecaoron 

0 

30  i 

i 

0-0  , 

1 1*1961 324 

By  means  of  the  numbers  in  this  Table,  any  Poly’- 
gons  may  be  conllriiaed,  or  their  areas  found':  thus, 
(lE)  To  infenhe  a Polygon  in  a given  Circle*  At  the 
centre  make  the  angle  O equal  to  the  angle  at  the  cen- 
tre of  Pie  propofed  Polygon,  found  in  the  3d  column 

the^  Table,  the  legs  cutting  the  circle  in  A and  B ; 
and  join  A and  B which  will  be  one  fide  of  the  Poly'- 
gon.^ ETen  take  AB  between  the  compaEes,  and  ap- 
])ly  it  continually  round  the  circumference,  to  com- 
plete the  Polygon, 

(2d)  Upon  the  given  Line  AVi  to  defcrlhe  a regular 
Polygon.  From  the  extremities  draw  the  t\TO  lines  AO 
and  BO,  making  the  angles  A and  B each  equal  to  half 
the  migle  of  the  Poly’gon,  found  in  the  4111  column  of 
the  Table,  and  their  interfedfion  O will  be  the  centre 
of  the  circumferibed  circle  : tlien  apply  AB  continually 
round  the  circumference  as  before. 

(.2d)  To  defcrlhe  a Polygon  about  a given  Circks—^ 
At  the  centre  O make  the  angle 
of  the  centre  as  in  the  lE  art, 
its  legs  cutting  tlie  circle,  in  a 
and  h : join  ah,  and  parallel  to 
It  draw  AB  to  touch  the  circle  : 
and  meeting  Oa  and  Oh  pro- 
duced in  A and  B : wEli  the  ra- 
dius OA,  or  OB,  deferibe  a cir- 
cle, and  around  its  circumfe- 
rence apply  continual  AB,  which  will  complete  the  Po- 
lygon as  before. 

(4th)  Po  Jinu  the  .Area  of  any  regular  P olygon.-—^ 
Multiply  the  L|uare  of  its  fide  by  the  tabular  area, 
found  on  the  line  of  its  name  in  the  laE  column  of  the 
Table,  and  the  produdl  will  be  the  area.  Thus,  to 
• L 1 fini 
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400 

173*2050800 


find  tlie  area  of  the  trigon, 
or  equilateral  triangle,  whofe 
fide  is  20.  The  fquare  of  20 
being  400,  multiply  the  tabu- 
lar area  *4330127  by  400,  as  

in  the  margin,  and  the  product. 

173*20508  will  be  the  area. 

6.  There  are  feveral  curious  algebraical  theorems  for 
Infcribing  Polygons  in  circles,  or  finding  the  chord  of 
any  propofed  part  of  the  circumference,  which  is  the 
fame  as  angular  fedlions.  Thefe  kinds  of  fehlions,  or 
parts  and  multiples  of  arcs,  were  firil  treated  of  by 
Vieta,  as  lliewn  in  the  Introdudlion  to  my  Tog.  pa.  9, 
and  fmce  purfued  by  feveral  other  mathematicians,  in 
whofe  works  they  are  ufually  to  be  found.  Many  other 
particulars  relating  to  Polygons  may  alfo  be  feen  in  my 
Menfuration,  2d  edit.  pa.  20,  21,  22,  23,  113,  &c. 

Polygon,  in  Fortification,  denotes  the  figure  or 
perimeter  of  a fortrefs,  or  fortified  place.  This  is  ei- 
ther Exterior  or  Interior.  1 

'Exterior  Polygon  is  the  perimeter  or  figure  formed 
by  lines  conne6Iing  the  points  of  the  bailions  to  one 
another,  quite  round  the  work.  And 

Polygon,  is  the  perimeter  or  figure  formed 
by  lines  connecting  the  centres  of  the  baibons,  quite 
around. 

Line  of  Polygons,  is  a line  on  fome  feCtors,  con- 
taining the  homologous  Tides  of  the  firft  nine  regular 
Polygons  infcribed  in  the  fame  circle  ; viz,  from  an 
equilateral  triangle  to  a dodecagon. 

POLYGONA^L  Numbers^  are  the  continual  or  fiic- 
ceffive  Turns  of  a rank  of  any  arithmeticals  beginning  at 
I,  and  regularly  increafing  ; and  therefore  are  the  firil 
order  of  figiirate  numbers  ; they  are  called  Polygonals, 
becaufe  the  number  of  points  in  them  may  be  arranged 
in  the  form  of  the  feveral  Polygonal  figures  in  geome- 
try, as  is  illuftrated  under  the  article  Figurate 
’Numbers^  which  fee. 

The  feveral  forts  of  Polygonal  numbers,  viz,  the 
triangles,  fquares,  pentagons,  hexagons,  &c,  are  form- 
ed from  the  addition  of  the  terms  of  the  arithmetical 
ferics,  having  refpeCbvely  their  common  difference 
I,  2,  3,  4,  &c  ; viz, 
arithmeticals  be  i ; 


if  the  common  difference  of  the 
the  films  of  their  terms  will  form 
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fa  liar 

X 

■es  ; 

if 

the 

pentag 

ons  ; 
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See. 
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The  Side  of  a Polygonal  number  is  the  number  of 
points  in  each  fide  of  the  Polygonal  figure  when  the 
points  in  the  number  are  ranged  in  that  form.  And 
this  is  alfo  the  fame  as  the  number  of  terms  of  the  arith- 
meticals that  are  added  together  in  compofing  the  Po- 


lygonal number  ; or,  in  fliort,  it  is  the  number  of  the 
term  from  the  beginning.  So,  in  the  2d  or  fquares, 

12  3 '4 


■4 


16 


the  fide  of  the  firft  ( i ) is  i,  that  of  the  fecond  (4)  is 
2,  that  of  the  third  (9)  is  3,  that  of  the  fourth  (16) 
is  4,  and  To  on.  And 

The  Angles,  or  Numbers  of  Angles,  are  the  fame  as 
thofe  of  the  figure  from  which  the  number  takes  its 
name.  So  the  angles  of  the  triangular  numbers  are  3, 
of  the  fquare  ones  4,  of  the  pentagonals  5,  of  the 
hexagonals  -6,  and  To  on.  Flence,  the  angles  are  2 
more  than  the  common  difference  of  the  arithmetical 
feries  from  which 'any  rank  of  Polygonals  is  forme.d  : 
fo  the  arithmetical  feries  has  for  its  common  difference 
the  number  i or  2 or  3 &c  as  follows,  viz,  i in  the  tri- 
angles, 2 in  the  fquares,  3 in  the  pentagons,  &c  ; and, 
in  general,  if  a be  the  number  of  angles  in  the  Poly- 
gon, then  a — 2 h — d the  common  difference  of  the 
arithmetical  feries,  or  d T ^ ^ the  number  of  an- 

gles, 

Prob.  I.  To  find  any  Polygonal  Number  propofed ; 
having  given  its  fide  n and  angles  a.  The  Polygoqal 
number  being  evidently  the  fum  of  the  arithmetical 
progreiffon  whofe  number  of  terms  is  n and  common 
differences;  — 2,  and  the  fum  of  an  arithmetical  pro- 
greiffon  being  equal  to  half  the  produT  of  the  extremes 
by  the  number  of  terms,  the  extremes  being:  i and 

I T d • 71—  \ ~ \ ~'r  a — 2 • n — 1 
number,  or  this  fum,  will  be 
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therefore  that 
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Vvhere 


of  the  arithmeticals  that 
and  is  always.  2 lefs  than 


d is  the  common  difference 
form  the  Polygonal  number, 
the  number  of  angles  a. 

Hence,  for  the  feveral  forts  of  Polygons,  any  par- 
ticular number  whofe  fide  is  n,  will  be  found  from  ei- 
ther of  thefe  two  formulae,  by  ufing  for  d its  values 
I,  2,  3,  4,  &c  ; which  gives  thefe  following  formulae 
for  the  Polygonal  number  in  each  fort 
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See. 

Prob.  2.  To  find  ihe  Sum  of  any  Number  of  Polygonal 
Numbers  of  any  order.—Lt<ct  the  angles  of  the  Polygon 
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be  or  tlie  common  difference  of  the  arithmeticals 
that  form  the  Polygonals,  d ; and  » the  number  of 
terms  in  the  Polygonal  feries,  whofe  fain  is  fought: 
then  is 


( 


- 


n-hi  in”  — \ . « + I X 

j«or( — 2 — .<3  — 2d )n 


6 ‘ 2 ' ' 6 

the  fum  of  the  7i  terms  fought. 

Hence,  fiibftituting  fucceffively  the  numbers  i,  2, 
3,  4,  &c,  for  (t/,  there  is  obtained  the  following  parti- 
cular cafes,  or  formulas,  for  the  fums  of  n terms  of  the 
feveral  ranks  of  Polygonal  numbers,  viz,  .the  fum  of  the 
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POLYGRAhl,  in  Geometry,  a figure  confifiing 
of  many  lines. 

POLYHEDRON,  or  Polyedron,  a body  or  fo- 
lid  contained  by  many  reflilinear  planes  or  Tides. 

When  the  Tides  of  the  Polyhedron  are  regidar  poly- 
gons, all  fimilar  and  equal,  then  tlie  Polyhedron  be- 
comes a regular  body,  and  may  be  inicribed  in  a fphere  ; 
tdiat  is,  a fphere  may  be  defcribed  about  it,  fo  that  its 
furface  fhall  touch  all  the  angles  or  corners  of  the  folid. 
There  are  but  five  of  thefe  regular  bodies,  viz,  the  te- 
traedron,  the  hexaedron  or  cube,  the  odtaedron,  the 
dodecaedron,  and  the  icofaedron.  See  Regular  Bo- 
dy, and  each  of  thofe  five  bodies  feverally. 

Gnomonical  Polyhedroy,  is  a ilone  with  feveral 
faces,  on  wliich  are  projecled  various  kinds  of  dials. 
Or  this  fort,  that  in  the  Privy-garden,  London,  now 
gone  to  ruin,  was  eileemed  the  fiiiefi  in  the  world. 

Polyhedron,  in  Optics.  See  Polyscope. 

POLYHEDROLS  higure,  in  Geometry,  a folid 
contained  under  many  Tides  or  planes.  See  Polyhe- 
dron. 

POIA  NCMIAL,  in  Algebra,  a quantity  of  many 
names  or  terms,  and  is  otherwife  called  a hlultinomial. 
Asnt  -f  3^  — 2r  -f-  4P,  g:c.  See  Multinomial.  ‘ 

POLYOP  PRUM,  in  Optics,  a glafs  through  which 
objects  a])pear  multiplied,  but  diminilhcd.  The  Polyop- 
n trum  differs  both  in  ilruCture  and  phenoniena  from  the 
common  multiplying  glafies  called  Polyhedra  or  Poly- 
'fcopes. 

Bo  conjlnifl  the  Pclyoptrum. — From  a glafs  AB, 
plan*  on  both  Tides,  and  about  3 
fingers  thick^  cut  out  fpherical 
fegments,  fcarce  a 5th  part  of  a 
digit  in  diameter. — If  then  the 
glafs  be  removed  to  fuch  a dif- 
tance  from  tlie  eye,  that  you  can 
take  in  all  the  cavities  at  one  view, 
you  will  fee  the  fame  object,  as  if 


B 


through  fo  many  feveral  concave  glaffes  as  there  arc  .ca- 
vities, and  all  exceeding  fmall — Fit  this,  as  an  objedd- 
giafs,  in  a tube  xABCD,  whofe  aperture  AB  is  equal  to 
the  diameter  of  the  glafs,  and  the  other  CD  is  equal  to 
that  of  an  eye-glafs,  as  for  inffance.  about  a finger’s 
breadth.  The  length  of  the  tube  AC  is  to  be  accom- 
modated to  the  object-glafs  and  eye-glafs,  by  trial.  lu 
CD  fit  a convex  eyc-glafs,  or  in  its  ftead  a menifcus 
having  the  diilance  of  its  principal  focus  a little  larger 
than  the  length  of  the  tube  ; fo  that  the  point  from 
which  the  rays  diverge  after  refradfion  in  the  objedt- 
glafs,  may  be  in  the  fociis.  If  then  the  eye  be  applied 
near  the  eye-glafs,  a fingle  object  will  be  fecn  repeated 
as  often  as  there  are  cavities  in  the  objedl-glafs,  but  itill 
diminifhed. 

POLYSCOPE,  or  Poly  HEDRON,  in  Optics,  is  a 
multiplying  glafs,  being  a glafs  or  lens  which  reprefen ts 
a fingle  objedt  to  the  eye  as  if  it  were  many.  It  confilts 
of  feveral  plane  furfaces,  difpofed  into  a convex  form, 
through  every  one  of  which  the  object  is  feen. 

Phenomena  of  the  Poly  [cope. — !.  If  feveral  rays,  ns 
EE,  AB,  CD,  fall  parallel  on  the  furface  of  a Poly- 


fcope,  they  will  continue  parallel  after  refraction.  If 
then  the  Polyfeope  be  fiippofed  regular,  LH,  HI,  IM 
will  be  as  tangents  cutting  the  fpherical  convex  lens  in 
P,  B,  and  D ; and  confequently,  rays  falling  on  the 
points  of  contadd,  interfedt  the  axis.  Wdierefore,  lines 
the  reft  are  parallel  to  thefe,  they  will  alio  mutually  in- 
terfecd  each  other  in  G. 

Hence,  if  the  eye  be  placed  where  parallel  rays  deciif- 
fate,  rays  of  the  fame  objedt  will  be  propagated  to  it 
ffill  parallel  from  the  feveral  Tides  of  the  glafs.  Where- 
fore, fince  the  cryitalline  humour,  by  its  convexity, 
unites  parallel  rays,  the  rays  will  be  united  in  as  many 
different  points  of  tlie  retina,  a,  h,  c,  as  the  glafs  has 
Tides.  Confequently  the  eye,  through  a Polyfeope, 
fees  the  objecd  repeated  as  many  times  as  there  are  Tides. 
And  hence,  fince  rays  coming  from  very  remote  objects 
are  parallel,  a remote  object  is  feen  through  a Poly- 
feope as  often  repeated  as  that  has  Tides. 

2.  If  rays  AB,  AC,  AD,  coming  from  a radiant 
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after  refraftion  they  will  deciiffate  in  G,  and  proceed  on 
a little  diverging, 

HencCj  if  the  eye  be  placed  where  the  rays  dcciiffate 
after  coming  from  tlie  feveral  planes,  the  rays  will  be 
propagated  to  it  bom  the  feveral  planes  a little  diver- 
ging, or  as  if  they  proceeded  from  different  points.  But 
iiuce  the  cryllalline  humour,  by  its  convexity,  colleffs 
rays  fiom  feveral  points  into  the  fame  point  ; the  rays 
will  be  united  in  as  many  different  points  of  the  retina, 
a,  c,  as  the  glafs  has  fides  ; and  confequently  the 
eye,  being  placed  in  the  focus  G,  will  iee  even  a near 
objedf  through  the  Polyfeope  as  often  repeated  as  that 
has  Tides, 

Thus  may  tlieffmages  of  objeefs  be  m^iiltiplied  in  a 
camera  obfeura,  by  placing  a Polyfeope  at  its  aperture, 
and  adding  a convex  lens  at  a due  dillance  from  it.  And 
it  mlahes  a veiv  pleafant  appearance,  if  a prifm  be  ap- 
plied fo  that  tlie  coloured  rays  of  the  fun  refraefed  from 
it  be  received  on  the  Polyleope  : for  by  this  means  they 
will  be  thrown  on  a paper  or  wall  near  at  hand  in  little 
lucid  fpecks,  much  exceeding  the  brightnejs  of  any 
precious  ffone;  and  in  the  focus  of  the  Polyfeope, 
where  the  rays  decuffate  ( for  in  tin's  experiment  tliey 
are  received  on  the  convex  fide)  will  be  a liar  of  furprif- 
ing-  lullre. 

Farther,  ifimao-es  be  oainted  in  water-colours  in  the 
areola:  or  little  fquares  of  a Polyfeope,  and  the  glafs  be 
applied  to  the  aperture  of  a camera  oblcura  ; the  fun’s 
rays,  palling  through  it,  will  carry  with  them  the 
images,  and  projedl  them  on  the  oppofite  wall. — This 
artifice  bears  a lefemblance  to  that  other,  by  which  an. 
image  on  paper  is  projedfed  on  the  camera  ; viz,  by 
wetting  the  paper  with  oil,  and  ftraining  it  tight  in  a 
frame  ; then  applying  it  to  the  aperture  of  the  camera 
obfeura,  fo  that  the  rays  of  a candle  may  pafs  through 
it  upon  the  Polyfeope. 

^0  make  an  Anamorphojis^  or  Ijeforrned  Image,  avhlch 
f mil  appear  regular,  and  beautiful  through  a Polyfeope,  or 
Multiplying  Glafs.-^ht  one  end  of  a horizontal  table 
credf  another  perpendicularly,  upon  which  a figure  may 
be  defigned  ; and  on  the  other  end  eredl  another,  to 
ferve  as  a fulcrum  or  fupport,  moveable  on  the  horizon- 
,tal  one.  To  the  fulcrum  apply  a plano-convex  Poly- 
feope, confifting,  for  example,  of  24  plane  triangles  ; 
and  let  the  Polyfeope  be  fitted  in  a draw-tube,  of  which 
that  end  towards  the  eye  may  have  only  a very  fmall 
aperture,  and  a little  farther  off  than  the  focus.  Re- 
move the  fulcrum  from  tlie  other  perpendicular  table, 
till  it  be  out  of  the  diifance  of  the  focus  ; and  the  more 
fo,  as  the  image  is  to  be  greater.  Before  the  little 
aperture  place  a lamp  ; and  trace  the  luminous  areolse 
projedled  from  the  fidesof  the  Polyfeope,  with  a black 
lead  pencil,  on  the  vertical  plane,  or  a paper  applied 
upon  it. 

In  the  feveral  areolse,  defign  the  different  parts  of 
an  image,  in  fuch  a manner  as  that,  when  joined  toge- 
ther, they  may  make  one  wdiole,  looking  every  now 
and  then  through  the  tube  to  guide  and  corredt  the  co- 
lours, and  to  fee  that  the  feveral  parts  mar.cli  and  fit 
w^ell  together.  As  to  the  intermediate  fpace,  it  may 
be  filled  up  with  any  figures  or  defigns  at  pleafure,  con- 
triving it  fo,  as  that  to  the  naked  eye  the  wdiole  may 
exhibit  fome  appearance  very  different  from  that  intend- 
ed to  appear  through  the  Polyfeope,. 


TJie  eye,  now  looking  through  the  fmall  aperture  of 
the  tube,  will  fee  the  feveral  parts  and  members  dif- 
perfed  among  the  areolce  to  exhibit  one  continued  image, 
all  the  intermediate  parts  difappearing.  See  Anamor- 
phosis, 

POLYSPASTON,  in  Mechanics,  a machine  fo  called 
by  Vitruvius,  confiding  of  an  affeniblage  of  feveral 
pullies,  ufed  for  raifing  heavyweights. 

PONTON,  or  Pontoon,  a kind  of  flat-bottomed 
boat,  who'fe  carcafs  of  wood  is  lined  within  and  with- 
out with  tin.  Some  nations  line  them  on  the  oulfidc 
only,  and  that  with  plates  of  copper,  which  is  better. 
Our  Pontoons  are  21  feet  long,  nearly  y feet  broad, 
and  2 feet  i-I  inch  deep  within.  They  are  carried  along 
Vvfith  an  army  upon  carriages,  to  make  temporary 
bndfres,  called  Pontoon-bridges.  vSee  the  next  arti- 
cle. 

PoN  TOON-i?r/A^i?,  abridge  made  of  Pontoons  flipped 
into  the  w'ater,  and  moored  by  audiors  and  othervvife 
fadened  together  by  ropes,  at  imall  dillances  from  one 
another;  then  covered  by  beams  of  timber  pafimgover 
them  ; upon  which  is  laid  a flooring  of  boards.  By  this 
means,  whole  armies  of  infantry,  cavalry,  and  artillery 
are  quickly  palled  over  rivers. —For  want  of  Pontoons, 
&c,  bridges  are  foraetimes  formed  of  empty  powder 
cafes,  or  powder  barrels,  which  lupport  the  beams  and 
flooring.  Julius  Ccefar  and  A ulus  Gellius  both  mention 
Pontoons  (pontones)  ; but  tlieirs  w'ere  no  more  than  a 
kind  of  fquare  flat  vcffels,  proper  for  carrying  over 
horfe  &€. 

PONT-Volant,  or  Flying-h ridge,  is  a kind  of  bridge 
ufed  in  fieges,  for  fiirprding  a poll  or  outwork  that  has 
but  narrow  moats.  It  is  made  of  two  fmall  bridges 
laid  over  each  other,  and  fo  contrived  that,  by  means 
of  cords  and  pullies  placed  along  the  Tides  of  the  under 
bridge,  the  upper  may  be  piifiied  forwards,  till  it 
join  the  place  where  it  is  defigned  to  be  fixed.  The 
whole  length  of  both  oiiglit  not  to  be  above  5 fathoms, 
leff  it  fhould  break  with  the  weight  of  the  men. 

PORES,  are  the  fmall  interftices  between  the  parti- 
cles of  matter  \shich  compofe  bodies;  and  are  either 
empty,  or  filled  with  fome  infenfible  medium. 

Corulenfation  and  rarefacdion  are  only  performed  by 
clofing  and  opening  the  Pores.  Alfo  the  tranfparency 
of  bodies  is  fuppofed  to  ariie  from  tl-eir  Pores  being  di- 
redflv  oppofite  to  one  another.  A nd  itie  matter  of  in- 
fenfible perfpiration  is  eonveyed  through  the  Pores  of 
the  cutis. 

Mr.  Boyle  has  a particular  effay  on  the  porofity  of 
bodies,  in  which  he  proves  tliat  the  moll  folid  bodies 
have  fome  kind  of  Pores  : and  indeed  if  they  had  not, 
all  bodies  would  be  alike  fpecifically  heavy. 

Sir  Ifaac  Newton  fliews,  that  bodies  are  much  more 
rare  and  porous  than  is  commonly  believed.  Water,  for 
example,  is  19  times  lighter  and  rarer  than  gold  ; and 
gmld  itfelf  is  fo  rare,  as  very  readily,  and  vrithout  the 
lead  oppofition,  to  tranfmit  magnetic  effluvia,  and 
eafily  to  admit  even  quickfilver  into  its  pores,  and  to 
let  water  pafs  tlirough  it : for  a concave  fpliere  of  gold 
hath,  when  filled  with  water,  and  foldered  up,  upon 
prcfling  it  with  a great  force,  fuffered  the  water  to 
fqiieeze  through  it,  and  Hand  all  over  its  outiide,  in 
multitudes  of  fmall  drops  like  dew,  without  burfling 
or  cracking  the  gold.  Whence  it  may  be  concluded,. 

that. 
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that  gold  lias  more  pores  than  folid  parts,  and  confe- 
quently  tliat  water  has  above  40  times  more  Pores  than 
parts.  Pleuce  it  is  that  tlie  magnetic  effluvia  pafTes 
freely  through  all  cold  bodies  that  are  not  magnetic  ; 
and  -that  the  rays  of  light  pafs,  in  right  lines,  to  the 
oreateil  diilances  through  pellucid  bodies. 

PORIME,  Porima,  in  Geometry,  a kind  of  eafy 
lemma,  or  theorem  io  ealily  demonllrated,  that  it  is  al- 
nioft  felf-ewdent : fuch,  for  example,  as  that  a chord  is 
wholly  within  the  circle. — Porime  hands  oppofed  to 
Apovime,  which  denotes  a propofition  lo  difficult,  as 
to  be  almoft  impofiible  to  be  demonftrated,  or  effected. 
Such  as  the  quadt  ature  of  the  circle,  See, 

FORISM,  Perijma^  in  Geometry,  has  by  fome 
been  defined  a general  theorem,  or  canon,  deduced 
from  a geometrical  locus,  and  ferving  for  the  folution 
of  other  general  and  difflcult  problems.  Proclus  de- 
rives the  word  from  the  Greek  tto pi I ejlahlijht  and 
conclude  from  fomething  already  done  and  demon- 
fliated  : and  accordingly  he  defines  Porifma  a theorem 
drawn  cccafionalhy  from  ibme  other  theorem  already 
proved  : in  which  fenfe  it  agrees  wnth  what  is  other- 
wife  called  corollary. 

Pappus'fays,  a PorPm  is  that  in  which  fomethlng  w’as 
propofed  to  be  invefligated. 

Others  derive  it  fr.m  wopo?,  a pnjfag;^  and  make  it  of 
th.e  nature  of  a lemma,  or  a propofition  neceffary  for 
paffing  to  another  more  important  one. 

Rut  Dr.  Simfon,  rejedfing  the  erroneous  accounts 
that  have  been  given  of  a Porifm,  defines  it  a propofi- 
tion,  either  ill  the  form  of  a problem  or  a theorem,  in 
which  it  is  propofed  either  to  invefligatc,  or  demon- 
ftrate. 

Euclid  wrote  three  books  of  Porifms,  being  a cu- 
rious colledfioii  of  various  things  relating  to  the  analyfis 
of  the  more  difficuk  and  general  problems.  Thole  books 
however  are  loll  ; and  nothing  remains  in  the  works  of 
the  ancient  geometricians  concerning  this  fubjeCf , be- 
fides  \^hat  Pappus  has  preferred,  in  a very  imperfecf 
and  obfeure  fiate,  in  bis  iMathematical  Collecflons,  viz, 
in  the  introdudfion  to  the  ylh  book.  ^ 

Several  attempts  have  been  made  to  reftore  tliefe 
■writings  in  fome  degree,  befides  that  which  Pappus  has 
left  upon  the  fubjeft.  Thus,  Fermat  has  given  a few 
propofitions  of  this  kind  ; wliich  are  to  be  found  in  the 
colledtion  of  his  works,  in  folio,  11^79,  pa.  116.  The 
like  \vas  done  by  Bullialdus,  in  his  Excrcitati.ones  Geo- 
metrical, 4to,  1657.  Dr.  Robert  Simfon  gave  alfo  a 
fpecimen,  in  two  propofitions,  in  the  Philof.  Tranf. 
vol.  32,  pa.  3-0;  and  befides  left  behind  him  a confi- 
derable  treatife  on  the  fiibjedf  of  Poilfms,  which  has 
been  printed  in  an  edition  of  his  works,  at  the  ex- 
pence of  t'  e earl  of  Stanhope,  in  4to,  1776. 

The  whole  three  books  of  Euclid  were  alfo  refiored 
by  that  ingenious  mathematician  Albert  Girard,  as  ap- 
pears by  two  notices  that  he  gave,  firft  in  his  Trigono- 
metry, printed  in  French,  at  the  Hague,  in  1629,  and 
alfo  in  his  edition  of  the  works  of  Stevinus,  printed  at 
Leyden  in  1634,  pa.  459  ; but  wfflether  his  intention 
of  publifiiing  them  was  ever  carried  into  execution,  I 
have  not  been  able  to  learn, 

A learned  paper  on  the  fubjedf  of  Porifms,  by  the 
very  ingenious  Profelfor  Playfair,  has  juft  been  Inferted 
ill  the  3d  volume  of  the  PranfaUwns  of  the  Royal  So- 


ciety of  Edinburgh.  As  this  paper  contains  a number 
of  curious  obfervations  on  the  geometry  of  the  Ancients 
in  general,  as  well  as  forms  a complete  treatife  as  it 
were  on  Porifm  in  particular,  a pretty  confiderable  ab- 
ftradf  of  It  cannot  but  be  deemed  in  this  place  very  ufe- 
ful  and  Important. 

“ The  reftoraticn  of  the  ancient  books  of  geometry 
(fays  the  learned  profeffor)  would  have  been  impolfible, 
without  the  coincidence  of  turn  circuinftances,  of  wfflich, 
though  the  one  is  purely  accidental,  the  other  Is  effen- 
tlally  connected  with  the  nature  of  the  mathematical 
fciences.  71ie  firft  of  th'efe  circumftances  is  the  prefer- 
vation  of  a fliort  abftradf  of  thofe  books,  drawn  up  by 
Pappus  Alexandrinus,  together  with  a feries  of  Inch 
lemmata,  as  he  judged  uleful  to  facilitate  the  ftudy  of 
them,  fecond  is,  the  neceffary  conneefion  that 

takes  place  among  the  objeffs  of  every  mavthematical 
work,  wliich,  by  excluding  whatever  is  arbitrary,  makes 
it  polfible  to  determine  the  whole  courfe  of  an  invefti- 
gation,  when  only  a fc'vV points  in  it  are  known.  ITom 
the  union  of  thefe  circumftances,  'mathematics  has  en- 
joyed an  advantage  of  which  no  other  bmnch  of  know- 
ledge can  partake  ; and  while  the  critic  or  the  hiftoriau 
has  only  been  able  to  lament  the  fate  of  thofe  books  of 
Livy  and  Tacitus  which  are  loft,  the  geometer  has  had  ' 
the  high  fatisfiitlion  to  behold  the  works  of  Euclid  and 
Apollonius  reviving  under  his  hands. 

“ T^he  firft  reftorers  of  the  ancient  books  were  not,, 
however,  aware  of  the  full  extent  of  the  work  which 
they  had  undertaken.  'Ehcy  thought  it  fufficlent  to 
demonftrate  the  propofitions,  which  they  knew  from 
Pappus,  to  have  been  contained  in  thofe  books  ; but 
they  did  not  follow  the  antlent  method  of  inveftigation, 
and  few  of  them  appear  'to  have  had  any  idea  of  the 
elegant  and  firnple  analyfis  by  whlcli  tbele  propofitions 
were  originally  difeovered,  and  by  which  the  Greek 
Geometry  was  peculiarly  diftingulfhed. 

“ Among  thefe  few,  Fermat  and  Plallev  are  to  be 
particularly  remarked.  T'he  former,  one  of  the  great- 
eft  mathematicians  of  the  laft  age,  and  a man  in  all  re- 
fpedls  of  fiiperior  abilities,  had  verv  juft  notions  of  the 
geometrical  analyfis,  and  appears  often  abundantiv  ildl- 
lul  in  the  ufe  oi  it  ; vet  in  his  reftoration  of  the  Loci 
Plan!,  it  Is  remarkable,  that  in  the  moft  difficult  pro- 
pofitions, he  lay'S  afide  the  analytical  method,  and  con- 
tents himfelf  with  glvinif  the  fviithetical  demonftratiou. 
The  latter,  among  the  great  number  and  variety  of  his 
literary  occupations,  found  time  for  a moft  attentive 
ftudy  of  the  ancient  mathematicians,  and  was  an  in- 
ftance  of,  what  experience  fflews  to  be  much  rarer  than 
might  be  expedfed,  a man  equally  well  acquainted  with 
the  ancient  and  the  modern  geometry,  and  equally  dif- 
pofed  to  do  juftice  to  the  merit  of  both.  He  reftored 
the  books  of  Apollonius,  on  the_probleni  De  Sectione 
Spatli,  according  to  the  true  principles  of  the  ancient 
analyfis. 

“ Thefe  books,  however,  are  but  ftiort,  fo  that  the 
firft  reftoration  of  confiderable  extent  that  can  be  reck- 
oned complete.  Is  that  of  the  Loci  Plan!  by  Dr.  ^Sim- 
fon,  publiiEed  in  1749,  which,  if  it  differs  at  all  from 
the  work  it  is  Intended  to  replace,  feems  to  do  fo  only 
by  its  greater  excellence.  'Flu's  much  at  leaft  is  certain, 
that  the  method  of  the  ancient  geometers  does  not  ap- 
pear to  greater  advantage  in  the  moft  entire  of  their 
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writings,  than  in  tlie  reftoration  above  mentioned  ; and 
that  Dr.  Simfon  has  often  facrificed  the  elegance  to 
which  his  own  analyfis  would  have  led,  in  order  to  tread 
more  exadlly  in  what  the  lemmata  of  Pappus  pointed 
out  <0  him,  as  the  track  which  Apollonius  had  pur- 
fiied. 

There  was  another  fubjedt,  that  of  Porifms,  the 
moil  intricate  and  enigmatical  of  any  thing  in  the  an' 
cient  geometry,  which  was  kill  referved  to  exercifetlie 
genius  of  Dr  Simfon,  and  to  call  forth  that  enthufiaftic 
admiration  of  antiquity,  and  that  unwearied  perfeve- 
rance  in  reiearch,  for  which  he  was  fo  peculiarly  dlftin- 
guifhed,  A treatife  in  three  books,  which  Euclid  had 
comxpoied  on  Porifms,  was  loft,  and  all  that  remained 
concerning  them  was  an  abftradl  of  that  treatife,  inferted 
by  Pappus  Alexandrinus  in  his  Mathematical  Collec- 
tions, in  which,  had  it  been  entire,  the  geometers  of 
later  times  would  doubtlefs  have  found  wherewithal  to 
confole  themfelves  for  the  lofs  of  the  original  work. 
But  unfortunately  it  lias  fuftered  fo  much  from  the  in- 
juries of  time,  that  all  which  we  can  immediately 
leaim  from  it  is,  that  the  Ancients  put  a high  value  on 
the  propofitions  which  they  called  Porifms,  and  regard- 
ed tlicm  as  a very  important  part  of  their  analyfis.  I'he 
Porifms  of  Euclid  are  faid  to  be,  “ Colledlio  artificio- 
fiffima  multariam  rerum  qurs  fpeefant  ad  analyftn  dif- 
ficiliorum  et  generaliuni  problematum.’’  The  cu- 
riofity,  however,  which  is  excited  by  this  encomium  is 
quickly  difappeinted  ; for  when  Pappus  proceeds  to  ex- 
plain what  a Forifm  is,  he  lays  down  two  delinitions  of 
it,  one  of  which  is  rejedled  by  him  as  imperfedt,  while 
the  other,  which  is  ftated  as  correcl,  is  too  vague  and 
indefinite  to  convey  any  ufeful  information. 

Thefe  defedls  might  neverthelefs  have  been  fup- 
plied,  if  the  enumeration  which  he  next  gives  of  Eu- 
clid’s Propofitions  had  been  entire  ; but  on  account  of 
the  extreme  brevity  of  his  enunciations,  and  tiieir  refe- 
rence to  a diagram  which  is  loft,  and  for  the  coiiftrufi- 
ing  of  which  no  diredlions  are  given,  the}r  are  all,  ex- 
cept one,  perfeftly  unintelligible.  For  thefe  reafons, 
the  fragment  in  qiieftion  is  fo  obfeure,  that  even  to  the 
learning  and  penetration  of  Dr.  Flallcy,  it  feemed  im- 
poftible  that  it  could  ever  be  explained  ; and  he  there- 
fore concluded,  after  giving  the  Greek  text  with  all 
poffible  correctnefs,  and  adding  the  Latin  tranflation, 
“ Eaadlenus  Forifmatum  deferiptio  nec  mihi  intelledla, 
nec  ledlori  profutura.  Neque  alicer  fieri  potuit,  tarn 
**  ob  defechmi  fchematis  cujus  fit  mentio,  quam  ob 
“ omiffa  queedam  et  tranfpofita,  vcl  ahter  vitiata  in  pro- 
pofiticnis  generalis  expofirionc,  unde  quid  fibi.  velit 
“ Pappus  baud  mihi  datum  eft  conjicere.  liis  adde 
“ diclionis  modum  nirnis  contradlum,  ac  in  re  difficili, 
‘‘  qualis  liKC  eft,  minime  iifui pandum.” 

It  is  true,  however,  that  before  this  time,  Ferarat 
bad  attempted  to  explain  the  nature  of  Porifms,  and 
not  altogether  without  fuccefs.  Guiding  his  conjediures 
by  the  definition  which  Pappus  ceiifures  as  imperfedl, 
becaiife  it  defined  Porifms  only  ab  accidente,”  viz. 
“ Porifmaeft  quod  deficit  liypotliefi  a Thcoremate  Lo- 
cahV^  he  formed  to  iumleli'a  tolerably  juft  notion  of 
thefe  propofitions,  and  illuftrated  his  genenJ  defeription 
by  examples  that  are  in  effecl  Porifms.  But  he  was  able 
to  proceed  no  tarlher  ; and  he  neither  proved,  that  his 
notion  of  a Porifm  was  the  fame  w'itii  Euclid’s,  nor 


attempted  to  reftore,  or  explain  any  one  of  Euclid^s 
propofitions  ; much  lefs  did  he  fuppofe,  that  they  were 
to  be  inveftigated  by  an  analyfis  peculiar  to  themfelves. 
And  fo  imperfedl  indeed  vras  this  attempt,  that  the 
complete  reftoration  of  the  Porifms  was  neceftary  to 
prove,  that  F’ermat  had  even  approximated  to  the 
truth. 

“ All  this  did  not,  however,  deter  Dr.  Simfon  from 
turning  his  thoughts  to  tire  fame  fubjecl,  which  he  ap- 
pears to  have  done  very  early,  and  long  before  the 
publication  of  the  Loci  Plani  in  1749. 

“ The  account  he  gives  of  his  progrefs,  and  of  the 
obftacles  he  encoiintcred,  will  be  ahvays  interefting  to 
mathematicians.  “ Pollqiiam  vero  apud  Pappum  le- 
geram,  Porifraata  Euclidis  colledtioiiem  fuiife  artifi- 
“ ciofiffimam  multarum  rerum,  quos  fpedlant  ad  analyliii 
difficiiiorum  et  generalium  problematum,  magno 
“ ddiderio  teiiebar,  aliquid  de  iis  cognofeendi  ; quarc 
fepius  et  multis  variiiqiie  viis  turn  Pappi  propofitio- 
nem  gencralem,  mancam  et  imperfectam,  turn  prl- 
mum  lib.  i. 

Poriima,  quod  folum  ex  omnibus  in  tribus  libris 
“ Integrum  adhuc  manet,  intelligere  et  reftituere 
coiiabar  ; fruftra  tam.en,  nihil  enim  proficiebam. 
Cumque  cogitationes  de  hac  re  multum  mihi  tempo- 
“ ris  conluinpierint,  atque  molefts  admodum  evaferint, 
“ firmiter  animum  induxi  lime  nunqiiam  in  pditerum 
‘‘  inveftigare  ; prmfertim  cum  optimus  geometra  Hal- 
ieuis  fpem  omnem  de  iis  intelligeiidis  abjecilTet.  Un- 
“ de  quotics  menti  occurrebant,  toties  eas  aicebam. 
“ Poftea  tamen  accidit,  ut  improvidurn  et  propofiti  im- 
memorem  invaieriiit,  mecjue  detinuerint  donee  tan- 
“ dem  lux  qumdam  eftiiherit,  qiim  fpem  mihi  faciebat 
“ iiiveniendi  laltcm  Pappi  propofitionem  generalem, 
“ quam  quidem  multa  iiiveiligatione  tandem  reftitui. 
“ Hmc  auteni  paulo  poll  una  cum  Poriimate  primo 
“ lib.  i.  impreffa  eft  inter  Traiifacliones  Phil,  anni  1723, 
num.  177.” 

“ The  propofitions  mentioned,  as  inferted  in  the  Plii- 
lofophical  Tranfactions  for  1723,  are  all  that  Dr.  Sim- 
foil  publilhed  on  the  fubjedl  of  Porilms  during  his  life, 
though  he  continued  his  inveftigations  concerning  them, 
and  iucceedt'd  in  reftoring  a great  number  of  Euclid’s 
propofitions,  together  with  their  analyfis.  The  propo- 
litions  thus  rellored  form  a part  of  that  valuable  edition 
of  the  pofthumoLis  works  of  this  geometer  which  the 
mathematical  world  oivcs  to  the  munificence  of  the 
lute  earl  Stanhope. 

The  fubjedt  of  Porifms  is  not,  however,  exhaufted, 
nor  is  it  yet  placed  in  fo  clear  a light  as  to  need  no  far- 
ther illuftration.  It  yet  remains  to  enquire  into  the 
probable  origin  of  thele  propofitions,  that  is  to  fay,  in- 
to the  fteps  by  which  the  ancient  geometers  appear  to 
have  been  led  to  the  difeovery  of  them. 

“ It  remains  alfo  to  point  out  the  relations  in  which 
they  ftand  to  the  other  clalies  of  geometrical  truths  ; to 
confider  the  fpecies  of  analydis,  whether  geometrical  or 
algebraical,  that  belongs  to  them  ; and,  if  poffible,  to 
aliign  the  reafon  wdiy  they  have  fo  long  efcaped  the  no- 
tice of  modern  mathematicians.  It  is  to  thefe  points 
that  the  following  oblervations  are  chiefly  directed. 

“ I begin  with  deferibing  the  fteps  that  appear  to 
have  led  the  ancient  geometers  to  the  difeovery  of  Po- 
riims  j and  mult  here  f apply  the  want  of  exprefs  tefti- 
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n’lOny  ’by  probable  reafonings,  fucb  as  are  neceffary, 
whenever  we  would  trace  remote  difcoveries  to  their 
fources,  and  which  have  more  weight  in  mathematics 
than  in  any  other  of  the  fciences. 

It  cannot  be  doubted,  that  it  has  been  the  folution 
of  problems,  which,  in  all  Hates  of  the  mathematical 
fciences,  has  led  to, the  dilcovery  of  mofh  geometrical 
truths.  The  hril  mathematical  enquiries,  in  particular, 
mull  have  occurred  in  the  form  of  queftions,  where  fome- 
thing  was  given,  and  fomctliing  requiied  to  be  done  ; 
and  by  the  reafonings  necelTary  to  anfwer  thefe  quef- 
tions, or  to  diicover  the  relation  between  the  things  that 
were  given,  and  thofe  that  were  to  be  found,  many  truths 
were  fuggelled,  which  came  afterwards  to  be  the  fub- 
jefls  of  feparate  demonftratioii.  The  number  of  thefe 
was  the  greater,  tl^at  the  ancient  geometers  always  un- 
dertook the  folution  of  problems  with  a fcrupiilons  and 
minute  attention,  which  would  fcarcely  fuffer  any  of  the 
collateral  truths  to  efcape  their  obfervation.  We  know 
from  the  examples  which  they  have  left  'us,  that  they 
never  confidercd  a problem  as  refolved,  till  they  had  dif- 
tinguiihed  all  its  varieties,  and  evolved  feparately  every 
different  cafe  that  could  occur,  carefully  remarking 
whatever  change  might  ariie  in  the  conitrudlion,  from 
any  change  that  was  fuppofed  to  Jiake  place  among  the 
magnitudes  which  were  given, 

‘‘  Now  as  this  cautious  method  of  proceeding  was 
not  better  calculated  to  avoid  error,  than  to  lay  hold  of 
every  truth  that  was  connected  with  the  main  object  of 
enquiry,  thefe  geometers  foon  obferved,  that  there  were 
many  problems  which,  in  certain  circumflances,  would 
admit  of  no  folution  whatever,  and  that  the  general  con- 
liruftion  by  which  they  were  refolved  would  fail,  in 
confequence  of  a particular  relation  being  fuppofed 
among  the  quantities  which  were  given. 

“ Such  problems  were  then  faid  to  become  impofli- 
ble  ; and  it  was  readily  perceived,  that  this  always  hap- 
pened, when  one  of  the  conditions  preferibed  was  in- 
confiftent  with  tlie  reft,  fo  that  tlie  fuppolition  of  their 
being  united  in  the  fame  fubject,  involved  a contradic- 
tion. Thus,  when  it  was  required  to  divide  a given 
line,  fo  that  the  reClangle  under  its  fegment,  fhould  be 
equal  to  a given  fpace,  it  was  evident,  that  if  this  fpace 
was  greater  than  the  fquare  of  half  the  given  line,  the 
thing  required  could  not  poftibly  be  dcwie  ; the  two 
conditions,  the  one  defining  the  magnitude  of  the  line, 
and  the  other  that  of  the  reblangle  under  its  fegments, 
being  then  inconfiftent  with  one  another.  Hence  an  in- 
finity of  beautiful  propofitions  concerning  the  maxima 
and  the  minima  of  quantities,  or  the  limits  of  the  pofiible 
relations  which  quantities  may  hand  in  to  one  ano- 
ther. 

“ Such  cafes  as  thefe  would  occur  even  in  the  fidu- 
tlon.of  the  fimpleft  problems  ; but  when  geometers 
proceeded  to  the  analyfis  of  fuch  as  were  more  compli- 
cated, they  muft  have  remarked,  that  their  conftruc- 
tions  would  fomietimes  fail,  for  a reafon  directly  con- 
trary to  that  which  has  now  been  aftigned.  Inftances 
would  be  found  where  the  lines  tliat,  by  their  interfec- 
tion,  were  to  determine  the  thing  fought,  inftead  of 
interfedling  one  another,  as  they  did  in  general,  or  of 
not  meeting  at  all,  as  in  the  above-mentioned  cafe  of 
impoflibility,  would  coincide  with  one  another  entirely, 
lUid  leave  the  queftion  of  confequence  unrefolved.  But 
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though  this  circumftance  muft  have  created  confidera* 
ble  embarraftment  to  tlie  geometers  who  lirft  obferved 
it,  as  being  perhaps  the  only  inftance  in  which  the  lan- 
guage of  their  own  fciencc  had  yet  appeared  to  them 
ambiguous  or  obfeure,  it  would  not  probably  be  long 
till  they  found  out  the  true  interpretacion  to  be  put  on 
it.  Alter  a little  reflexion,  they  would  conclude,  that 
fince,  in  the  general  problem,  the  magnitude  required 
was  determined  by  the  interfedlion  of  the  two  lines- 
above  mentioned,  that  is  to  fay,  by  the  points  common 
to  them  both  ; fo,  in  the  cafe  of  their  coincidence,  as- 
all  their  points  were  in  common,  every  one  of  thefe 
points  muft  afford  a folution  ; which  iohitions  therefore 
mail  be  infinite  in  nuiPiber  ; and  alfo,  though  infinite  in 
number,  they  muft  all  be  related  to  one  another,  and  to 
the  things  given,  by  certain  laws,  which  the  poll- 
lion  of  the  two  coinciding  lines  muft  neceft'arily  deter- 
mine. 

“ On  enquiring  farther  into  the  peculiarity  in  the 
Hate  of  the  data  which  had  produced  this  unexpedled 
lefult,  it  might  likewife  be  icmaiked,  that  the  whole 
proceeded  from  one  of  the  conditions  of  the  problem 
involving  another, or  neceifarily  including  it ; fo  lliat  they 
both  together  made  in  fa6l  but  one,  and  did  not  leave 
a fufiicient  number  of  independent  conditions,  tp  confine 
the  problem  to  a fingle  folution,  or  to  any  determinate 
number  of  folutions.  It  was  not  difficult  afterwards  ta 
perceive,  that  thefe  cafes  of  problems  formed  very  cu- 
rious propofitions,  of  an  intermediate  nature  between 
problems  and  theorems,  and  that  they  admitted  of 
being  enunciated  feparately,  in  a manner  peculiarly  ele« 
gant  and  concife.  It  was  to  fuch  propofitions,  fo  enun- 
ciated, that  the  ancient  geometers  gave  the  name  of  Po  - 
rifms. 

“ This  dediuftion  requires  to  be  illuftrated  by  exam- 
ples.” Mr.  Playfair  then  gives  ftveral  problems  by  way 
of  illuftration  ; one  of  which,  which  may  here  fuffice 
to  fhew  the  method,  is  as  follows  : 

“ A tiiangle  ABC  being  given,  and  alfo  a point  D, 
to  draw  through  1)  a llraight  line  DG,  fuch,  that, 
perpendiculars  being  drawn  to  it  from  the  three 
angles  of  the  triangle,  viz,  AE,  BG,  CT,  the 
fum  of  the  two  perpendiculars  on  the  fame  fide  of 
L)G,  lhali  be  equal  to  the  remaining  perpendicu- 
lar: or,  that  AE  and  BG  together,  may  be 
equal  to  CE. 


r 


“ Suppofe  it  done  : Bifed  AB  in  H,  join  CII,  VLud 
draw  HK  perpendicular  to  DG. 

“ Becaufe  AB  is  bifected  in  H,  the  two  perpendicu- 
lars  AE  and  BGare  together  double  of  HK  ; and  as  they 
are  alfo  equal  to  CF  by  hypothefis,  CF  muft  be  double 
of  PIK  ; and  CL  of  Lrl.  Now,  GH  is  given  ia 
pofition,  and  magnitude  j therefore  the  point  L is, 

given  ; 
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; rirui  tlic  point  being  alfo  given,  tKc  line  DL  is 
given  in  poiition,  which  was , to  be  found. 

“ Tiie  conilruction  was  obvious.  Bife>5l  x\.B  in  H, 
join  CU,  and  take  equal  to  one  third  of  CPI'; 
the  llraight  line  which  joins  the  points  1)  and  L.  is  the 
■line  required. 

“ Now,  it  is  plain,  that  while  the  triangle  ABC  re- 
mains tiie  lame,  the  ])oint  N alfo  remains  the  fame, 
wherever  the  point  D may  be.  The  point  D may  there- 
fore coincide  with  Ij  ; and  when  tliis  happens,  the  po- 
fition  of  the  line  to  be  dran  n is  left  undetermined  ; that 
is  to  fav,  any  line  whatever  drawn  throiio-h  will  fatif- 
ly  tiie  conditions  of  tJie  problem.  Here  therefore  we 
iiiave  another  mdehnite  cafe  of  a problem,  and  of  con- 
lequence  another  Porifm,  which  may'  be  thus  enun- 
ciated : ‘‘  A triangle  being  given  in  pofition,  a point 
in  it  may  be  found,  fuch,  that  any^  flraight  line 
whatever  being  drawn  tlirongh  that  point,  the  perpen- 

om  the  two  angles 
will  be  tosfe- 
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-diculars  drawn  to  this  ftraight  line'fr 
of  the  tnano-lo  which  are  on  one  fide  c 


of  it, 


ther  equal  to  the  perpendicular  that  is  drawn  to  the 
fame  line  from  the  angle  on  the  other  fide  of  it. 

This  Poriim  may’’  be  made  much  more  general;  for 
;f,  in  Head  of  the  angles  of  a trianrle,  we  furmofe  ever 
lo  many  points  to  be  given  in  a plane,  a point  maybe 
found  fuch,  that  any  firaiglit  line  being  drawn  through 
it,  the  fum  of  all  the  perpendiculars  that  fall  on  that 
line  from  the  given  points  on  one  fide  of  it,  is  equal  to 
the  fum  of  the  perpendiculars  that  fall  on  it  from  all  the 
points  on  the  other  fide  of  it. 

Or  flill  more  generallyr,  any  number  of  points 
being  given  not  in  the  fame  plane,  a point  may  be 
Bound,*  through  which  if  any  plane  be  fnppofed  to  pafs, 
the  fum  of  all  the  perpendiculars  which  fall  on  that 
plane  from  the  points  on  one  fide  of  it,  is  equal  to  the 
ium  of  all  the  perpendiculars  that  fall  on  the  fame  plane 
from  the  points  on  the  other  f de  of  it.  it  is  unnecef- 
fary  to  obferve,  that  the  point  to  be  found  in  thefe  pro- 
politions,  is  no  other  than  the  centre  of  gravity  of  the 
given  points  ; and  that  therefore  we  have  here  an  exam- 
ple of  a Poriim  very  well  known  to  the  lucdern  geome- 
ters, though  not  diftinguiflied  by  them  from  other  theo- 


rems. 


After  fome  examples  of  other  Porifrns,  and  remarks 
vpon  them,  the  author  then  adds, 

“ From  this  account  of  the  origin  of  Porifrns,  it 
follows,  that  a Porifm  may  be  defined,  A propofition  af~ 
Jivmhig  the  po[J'ih'ility  of  finding  fuch  conditions  as  nvlU  render 
a certain  problem  indeterminate,  or  capable  of  innumerable 
foiutlons. 

“ To  this  definition,  the  different  charaTers  which 
Pappus  has  given  will  apply  without  diffculty.  The 
propofitions  deferibed  in  it  like  thofe  which  he  men- 
tions, are,  ftriblly  fpeaking,  neither  theorems  nor  pro- 
blems, but  of  an  intermediate  nature  benveeii  both  ; for 
they  neither  fimply  enunciate  a truth  to  be  demon- 
flrated,  nor  propofe  a queflion  to  be  folved  : but  are 
afFirmations  of  a truth,  in  which  the  determination  of 
an  unknown  quantity  is  involved.  In  as  Pir  therefore 
as  they  aflert,  that  a certain  problem  may  become  inde- 
terminate, they  are  of  the  nature  of  theorems  ; and  in 
as  far  as  they  feek  to  difeover  the  conditions  by  which 
that  is  brought  about,  they  ,are  of  the  nature  of  pro- 
biems. 


In  the  preceding  definition  alio,  and  the  irifiancel 
from  which  it  is  deduced,  we  may'  trace  tliat  imperfect 
deicription  of  Porifrns  which  Pappus  aferibes  to  the 
later  geometers,  viz,  Porifma  eft  quod  deficit  hy'po- 
thefi  a theoremate  locali.”  Now,  to  imderftand  tin's,  it 
raufl  be  oblerved,  that  if  we  take  the  converfe  of  one 
of  the  propofitions  called  Loci,  and  make  the  conftrac- 
tion  of  the  figure  a part  of  tlie  hypothefis,  we  have 
what  was  called  by  the  Ancients  a Local  Theorem. 
And  again,  if,  in  enunciating  this  theorem,  that  jiart  of 
the  hypothefis  which  contains  the  conftriuftion  be  fup- 
prefled,  the  propofition  arifing  from  thence  will  be  a 
f onfin  ; for  it  will  enunciate  a truth,  and  will  alfo  re- 
quire, to  the  full  URderllanding  and  invefligation  of  tliat 
truth,  that  fomething  ilioiild  be  found,  viz,  the  circum- 
flance  in  the  conilrubfion,  fnppofed  to  be  omitted. 

Thus  when  we  fay  f If  from  two  given  points  K 
and  D (2d  fig.  above),  two  lines  EF  and  FD  are  in- 
fleCfed  to  a third  point  F,  fo  as  to  be  to  one  another  in 
a given  ratio,  the  point  F is  in  the  cir-cumfercnce  of  a 
circle  given  in  pofition  ; we  have  a Locus. 

‘‘  But  when  converfely  it  is  faid  ; If  a circle  ABC,  of 
which  the  centre  is  O,  be  given  in  pofition,  as  alio  a 
point  E,  and  if  E)  be  taken  in  the  line  EO,  fo  that  tiie 
recTaiude  EO  OD  be  equal  to  tlie  fquare  of  AO,  tlie 
femidiameter  of  the  circle  ; and  if  from  E and  D,  the 
lines  Eb  and  Lb  be  infledted  to  any  point  wdiatever  in 
the  circumference  ABC  ; the  ratio  of  EE  to  1)F  will 
be  a given  ratio,  and  the  fiiine  with  that  of  EA  to  AD  : 
w^e  have  a local  theorem. 

“ And,  laflly,  wdien  it  is  faid  ; If  a circle  ABC  be 
given  in  pofition,  and  alio  a point  E,  a point  D may  be 
found,  fuch,  tliat  if  the  two  lines  EF  and  FD  be  in- 
flecledfrom  E and  D to  any'  point  whatever  F,  in  the 
circumference,  thefe  lines  (hall  have  a given  ratio  to  one 
another;  the  propofition  becomes  a Porifm, 

“ Here  it  is  evident,  that  the  local  theorem  is 
changed  into  a Porifm,  by  leaving  out  w'hat  relates  to 
the  determination  of  the  point  D,  and  of  the  given 
ratio.  But  though  all  propofitions  formed  in  this  way', 
from  the  eonverfion  of  Ijoci,  be  Porifrns,  ymt  all  Porifrns 
are  not  formed  from  the  eonverfion  of  Loci.  The  firfi 
and  fecond  of  the  preceding,  for  inftance,  cannot  by 
eonverfion  be  changed  into  Loci  ; and  therefore  the  de- 
finition w'hich  deferibes  all  Porifrns  as  being  fo  conver* 
tible,  is  not  fufficiently  comprehenfive.  Fermat’s  idea 
of  Porifms,  as  lias  been  already'  obferved,  was  founded 
w'holly  on  this  definition,  and  therefore  could  not  fail 
to  be  imperfedl. 

“ It  appears,  therefore,  that  ’the  definition  of  Po- 
rifms  given  above  agrees  with  Pappus’s  idea  of  theft 
propofitions,  as  far  at  leafl  as  can  be  colledfed  from  tlie 
imperfedt  fragments  which  contain  liis  general  deferip- 
tion  of  them.  It  agrees  alfo  with  Dr.  Simfon’s 
definition,  w'hich  is  this:  “Porifma  elf  propofitio  in 
qua  proponitur  demonftrare  rem  aliquam,  vel  plures 
datas  efle,  ciii,  vel  qiiibiis,  lit  et  cuilibet  ex  rebus  innu- 
meris,  non  quideni  datis,  fed  qme  ad  ea  qirje  data  funt 
eandem  habent  relationem,  convenme  oftendendum  eft 
affedtionem  quandam  communem  in  propofitione  de- 
feriptam. 

“ It  cannot  be  denied,  that  tliere  is  a confiderable 
degree  of  obfciirity'  in  this  definition;  notwithllanding  of 
which  it  is  certain,  that  every  propofition  to  w'hich  it 
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applies  muit  contain  a prohkmatlcaJ  part,  viz  “ in  qua 
propunitur  demonftrare  rem  aliquam,  vel  pkires  datas 
effe,”  and  alfo  a theoretical  part,  which  contains  the 
property,  or  communis  affedio^  affirmed  of  certain  things 
which  have  been  previouily  deicribed. 

It  is  alio  evident,  that  the  fubjedt  of  every  fuch 
propofition,  is  the  relation  between  magnitudes  of  three 
different  kinds  ; determinate  magnitudes  which  are 
given  ; determinate  magnitudes  wliieh  are  to  be  found  ; 
and  indeterminate  magnitudes  which,  though  unlimited 
in  number,  are  connected  with  the  otliers  by  fome 
common  property.  Kow,  thefe  are  exactly  the  con- 
ditions contained  in  the  deiinitions  that  have  been  given 
here. 

“ To  confii*m  the  truth  of  this  theory  of  the  origin 
of  Porifms,  or  at  lealf  the  juftnefs  of  tlic  notions  founded 
on  it,  I muff  add  a quotation  from  an  Kflay  on  tlie 
fame  fubjecl:,  by  a member  of  this  focietv,  the  extent 
and  correclnefs  of  whofc  views  make  every  coincidence 
with  his  opinions  peculiarly  flattering.  In  a paper  read 
fevcral:  years  ago  before  the  Philofopbical  Society, 
Profeffor  Dugald  Stewart  dehned  a Porifm  to  be  A 
propofition  affirming  the  poffibility  of  finding  one  or 
more. of  the  conditions  of  an  indeterminate  theorem.” 
Where,  by  an  indeterminate  theorem,  as  he  had  previ- 
oufly  explained  it,  is  meant  one  whicli  expreffes  a rela- 
tion between  certain  quantities  that  are  indeterminate, 
both  in  magnitude  and  in  nuniber.  The  near  agreement 
of  this  with  the  definition  and  explanations  which  have 
been  given  above,  is  too  obvious  to  require  to  be  pointed 
out ; and  I have  only  to  obferve,  that  it  was  not  Iona- 
after  the  publication  of  Simfoii’s  pofibumous  works, 
when,  being  both  of  us  occupied  in  fpeculations  con- 
cerning Porifms,  we  were  led  feparatcly  to  the  conciu- 
fions  which  I have  now  ftated. 

“ In  an  enquiry  into  the  origin  of  Porifms,  the  ety- 
niology  of  the  term  ought  not  to  be  forgotten.  The 
queftion  indeed  is  not  about  the  derivation  of  the  word 
rioHjfy.a.,  for  concerning  that  theze  is  no  doubt  ; but 
about  the  reafon  why  this  term  was  applied  to  the  clafs 
of  propohtions  above  deferibed.  Two  opinions  may 
be  formed  on  this  fubjedl,  and  each  of  them  v'ith  confi- 
derable  probability:  imo.  One  of  the  fignihcations  of 
18  to  acquire  or  obtain ; and  hence  Ilopis-p.a,  the 
thing  obtained  or  gained. 

“ Accordingly,  Scapula  fays,  EJl  vox  a geome/ris  de- 
fumpta  qui  theorem  a aliquid  ex  demovjlrativo  fyllogifmo  ne- 
^ejfario  fequens  tnfei'entes,  Hind  qunfi  lucram  dicuntur,  quod 
non  ex  profejfo  quidem  theorematis  hujiis  inJUtufaJit  demon- 
Jlraiio,  fed  tamen  ex  demon flratis  re^e  [equatin'.  In  this 
fenfe  Euclid  ufes  the  word  in  his  Elements  of  Geome- 
-try,  where  he  calls  the  corollaries  of  his  propofition, 
•Porifmata.  This  circumftancc  creates  a prefumption, 
that  when  the  word  was  apphed  to  a particular  clafs  of 
pi'opofitions,  it  was  meant,  in  b(>th  cafes,  to  convev 
nearly  the  lame  idea,  as  it  is  not  at  all  probable,  that  fo 
correct  a writer  as  Euclid,  and  fo  fcrupulous  in  hisufe 
of  words,  ffiould  employ  the  fame  term  to  exprefstwo 
ideas  which  are  perfectly  diherent.  Mav  we  not  there- 
fore conjecture,  that  thefe  propofitions  got  the  name  of 
Porifms,  entirely  with  a reference  to  their  origin.  Ac- 
cording to  the  idea  explained  above,  tliey  would  in  ge- 
neral occur  !to  matbematieians  when  engaged  in  the  io- 
iutioH  of  the  more  difficult  pr-oblenis,  iind  would  arife 
VoL.  II. 


from  tliofe  particular  cafes,  where  one  of  the  conditions 
of  the  data  involved  in  it  fome  one  of  the  reft.  Thus  a 
particular  kind  of  theorem  would  be  obtained,  following 
as  a corollary  from  the  folution  of  the  problem  ; 
and  to  this  theorem  the  term  Uo^^fr•ga■  might  be 
very  properly  applied,  fince,  in  the  words  of  Sca- 
puh.',  already  quoted,  Kor.  ex  profejfo  theorematis  hvjus 
injlitma  Jit  demovjiratio^  fed  tamen  ex  demcnjlraiis  retie 
J'equatur. 

“ 2do.  But  though  this  interpretation  agrees  fo  well 
with  the  luppofed  origin  of  Porifms,  it  is  not  free  from 
difficulty,  d’lm  verb  vrogfx  has  another  fignilication, 
to  find  out,  to  df cover,,  to  dev  fe ; and  is  uled  in  this 
lenfe  by  Pappus,  when  he  lays  that  the  propolitions 
called  Porilms,  afford  gi'cat  delight,  toic,  ^i\ixu.fviic 
y.a.1  r/;oy.:'a.a,  to  thnfe  rvho  are  able  to  undcrjhvid  and  trivejli- 
gate.  Hence  comes  7rooiTu.os,  the  act  of  firdiig  out  or 
dijeovenng,  and  from  TrcAur.txo.-,  in  this  fenfe,  the  fame 
author  evidently  confiders  no^txux,  as  being  derived.  His 
words  are,  JLlpa.'rxv  oe  (h  ctog^x^0l^  no^mf/.x  eivo-.to  -txso- 
ruiouat-ov  sic  FJoycr  'o:  air'e  'm^orsaouxvhif  the  /Indents  f aid,, 
that  a Porijm  is  fomethivg  propofed  for  the  finding  out., 
or  difeovering  oj  the  very  thing  propofed.  It  feems  fm- 
gular,  however,  that  Porifms  ffiould  have  taken  their 
name  from  a circiimflance  common  to  them  with  fo  many 
other  geometrical  truths  ; and  if  this  was  really  the 
cafe,  it  muft  have  been  on  account  of  the  enigmatical 
form  of  theii' enunciations,  which  required,  that  in  the 
analyfis  of  thefe  propofitions,  a fort  of  double  difcoveiy 
fiiould  be  made,  not  only  of  the  Truth,  but  alfo  of  the 
Meaning  oJ  the  very  thing  n.vhich  vuas  propofed.  They 
may  therefore  have  been  called  Porifnata,^  or  invefiiga- 
tions,  by  way  td  em.inence. 

“ W e might  next  proceed  to  confider  the  particular 
Porifms  which  Dr.  Simfon  has  reflored,  and  to  (hew, 
that  every  one  of  them  is  the  indetenuinate  cafe  of  fome 
problem.  But  of  this  it  is  fo  eafy  for  any  one,  who  has 
attended  to  the  preceding  remarks,  to  fatisfy  himfelf,  by 
barely  examining  the  enunciations  of  thofe  propofitions, 
that  the  detail  unto  which  it  would  lead  feems  to  be  un- 
neceflary.  I ffiall  therefore  go  on  to  make  fome  ob- 
fervations  on  that  kind  of  analyfis  Avhieh  is  particularly 
adapted  to  the  invefiigation  of  Porifims. 

]f  the  idea  which  we  liave  given  of  thefe  propofi- 
tions be  juft,  it  follows,  that  they  are  always  to  be  dif- 
covered  by  confidering'tbe  cafes  in  which  the  conft  ruc- 
tion of  a problem  fails  in  confeqiience  of  the  lines  which, 
by. their  iiiterfeClion,  or  the  points  which,  by  their  pofi- 
tion,  were  to  determine  the  magnitude  required,  hap- 
jiening  to  coincide  with  one  another — a IHrifm  may 
therefore  be  deduced  from  the  problem  it  belongs  to,  in 
the  fame  manner  tliat  tlie  propofitions  concerning  tlic 
ma'diviii  and  minima  of  quantities  are  deduced  from  the 
problems  of  which  they  form  the  limitations  ; and  fiich 
no  doubt  i.'’  the  moft  natural  andmoft  obvious  analvfis  cf 
whicli  this  clafs  of  propofitions  v/ill  admit. 

“ It  is  r.«  t,  however,  the  only  one  that  they  will  ad- 
mit of ; and  there  are  good  reafons  for  wiihing  to  be 
provided  witli  another,  by  means  of  which,  a Porifm  that 
is  any  how  fiifpcclcd  to  exift,  may  be  found  out,  inde- 
pendently of  the  general  folution  cf  the  problem  to 
v.-liich  it  belongs.  Of  thefe  reafons,  one  is,  that  the 
Porifm  may  perhaps  admit  of  bring  invt  ftigated  more 
eafily  than  the  general  prcblem  admits  of  being  rcdblved'; 
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and  another  is,  that  the  former,  in  alraoll  every  cafe, 
helps  to  difeover  the  limpleft  and  moft  elegant  folution 
that  can  be  given  of  the  latter* 

“ It  is  defirable  to  have  a method  of  inveftigating 
Porlfms,  which  does  not  require,  that  we  fllould  have 
previoiiily  refolved  the  problems  they  are  connefled 
with,  and  which  may  always  ferve  to  determine,  whe- 
ther to  any  given  problem  there  be  attached  a Porifm, 
or  not.  Dr*  Simfon’s  Anaiyfis  may  be  confidered  as 
anfwering  to  this  defeription  ^ for  as  that  geometer  did 
not  regard  thefe  propohtions  at  all  in  the  light  that  is 
done  here,  nor  in  relation  to  their  origin,  an  indepen- 
dent analyhs  of  this  kind,  was  the  only  one  that  could 
occur  to  him  ; and  he  has  accordingly  given  one  v.'bich 
is  extremely  ingenious,  and  by  no  meaiis  eafy  to 
be  invented,  but  which  he  ufes  with  great  ileilful- 
nefs  and  dexterity  throughout  the  whole  of  his  Reftora- 
tion . 

It  is  not  eafy  to  afeertain  whether  this  be  the  pre- 
cife  method  ufed  by  the  Ancients.  Dr.  Sirafon  had 
here  nothing  to  diretf  him  but  his  genius,  and  has  the 
full  merit  of  the  hrff  inventor.  It  feems  probable,  how- 
ever, that  there  is  at  lead  a great  affinity  between  the 
methods,  fmcethe  lemmata  given  by  Pappus  as  neceffary 
to  Euclid’s demondrations,  are  fubfervient  alfo  to  thofe 
of  our  modern  geometer. 

It  is,  a&  we  have  fecn,  a general  principle  that  a 
problem  is  converted  into  a Porifm>  when  one,  or  when 
two,,  of  the  conditions  of  it,  necelFarily  involve  in 
them  fome  one  of  the  reft.  Suppofe  then  that  two  of 
the  conditions  are  exadfly  in  that  date  which  determines 
the  third ; then,  while  they  remain  fixed  or  given, 
ffiould  that  third  one  be  fuppofed  to  vary,  or  differ,  ever 
fo  little,  from  the  ftate  required  by  the  other  two,  a 
contradidfion  will  enfue.  Therefore  if,  in  the  hypo- 
thefis  of  a problem,  the  conditions  be  fo  related  to  one 
another  as  to  render  it  indeterminate,  a Porifm  is  pro- 
duced ; but  if,  of  the  conditions  thus  related  to  one 
another,  fome  one  be  fuppofed  to  vary,  while  the 
others  continue  the  fame,  an  abfurdlty  follows,  and  the 
problem  becomes  impoffible.  Wherever  therefore  any 
problem  admits  both  of  an.  indeterminate and  an  impojfihle 
cafe^  it  is  certain^  that  thefe  cafes  are  nearly  related  to  one 
another y anel  that  fome  of  the  conditions  by  which  they  are 
produced y are  common  to  both* 

“ It  is  fuppofed  above,  that  t<wo  of  the  conditions  of 
a problem  involve  in  them  a third,  and  wherever  that 
happens,  the  conclufion  which  has  been  deduced  will  in- 
variably take  place. 

But  a Porifm  may  fometimes  be  fo  fimple,  as  to 
arife  from  the  mere  cpincidence  of  one  condition  of  a 
problem  with  another,  though  in  no  cafe  whatever,  any 
inconfiftency  can  take  place  betv/een  them.  Thus,,  in 
the  fecond  of  the  foregoing  propofitions,  the  coinci- 
dence of  the  point  given  in  the  problem  with  another 
point,  '<  iz,  -the  centre  of  gravity  of  the  given  triangle, 
renders  the  pr'dblem  indeterminate  but  as  there  is  no 
relation  of  diftance,  or  pofition,  between  thefe  points, 
that  may  not  exift,  fo  the  problem  has  no  knpoffible 
cafe  belonging  to  it.  There  are,  however,  compara- 
tively but  few  Porifms  fo  fimple  in  their  origin  as  this, 
or  that  arife  from  problems  in  which  the  conditions  are 
fo  little  complicated  ; for  it  ufually  happens,  that  a pro- 
blem ^vhich  can  become  indefinite,  may  alfo  become 


impoffible  ; and  if  fo,^  the  connexion  between  thefe 
cafes,  which  has  been  already  explained)  never  fails  to 
take  place. 

“ Another  'fpecies  of  impoffibility'-  may  frequently 
arife  from  the  porifmatic  cafe  of  a problem,  which  will 
very  much  affeeft  the  application  of  geometry  to  af- 
tronomy,  or  any  of  the  fciences  of  experiment  or  obfer- 
vation.  For  when  a problem  is  to  be  refolved  by  help 
of  data  furnifhed  by  experiment  or  obfervation,  the 
firft  thing  to  be  eonfidered  is,  whether  the  data  fo  ob- 
tained, be  fufficient  for  determining  the  thing  fought ; 
and  in  this  a very  erroneous  judgment  may  be  formed, 
if  we  reft  fatisfied  with  a general  view  of  the  fubjedt  : 

For  though  the  problem  may  in  general  be  refolved  from, 
the  data  that  we  are  provided  with,  yet  thefe  data  may 
be  fo  related  to  one  another  in  the  cafe  before  us,  that 
the  problem  will  become  indeterminate,  and  inftead  o£ 
one  folution,  will  admit  of  an  Infinite  number. 

Suppofe,  for  inftance,  that  it  were  required  to  de- 
termine the  pofition  of  a point  F from  knowing  that  it 
was  fituated  in  the  circumference  of  a given  circle 
ABC,  and  alfo  from  knowing- the  ratio  of  its  diftances 
from  two  given  points  E and  D ; it  is  certain  that  In 
general  thefe  data  v/ould  be  fufficient  for  determining'* 
the  fituation  of  F.  But  neverthelefs,  if  E and 
ffiould  be  fo  fituated,  that  they  were  in  the  fame  ftraighti 
line  with  the  centre  of  the  given  circle  ; and  if  the 
angle  under  their  diftances  from  that  centre,,  were  alfo > 
equal  to  the  fquare  of  the  radius  of  the  circle,  then,  the; 
pofition  of  F could  not  be  determined., 

“ This  particular  inftance  may  not  indeed,  occur  in’ 
any  of  the  pratftical  applications  of  geometry  ; but  there 
is  one  of  the  fame  kind  which  has  a6;ually  occurred  in? 
aftronomy  : And  as  the  hlftory  of  it  is  not  a little; 
fingular,  affording  befides  an  excellent  iHuftration  of  the. 
nature  of  Porifms,  I hope  to  be  excufed  for'  entering 
into  the  following  detail  concerning  it.  ; 

“ Sir  Ifaac  Newton  having  demonftrated,  that  the 
trajeclory  of  a comet  is  a parabola,  reduced  the  a6lual  ; 
determination  of  the  orbit  of  any  particular  comet  to 
the  folution  of  a geometrical  problem,  depending  on 
the  properties  of  the  parabola,,  but  of  fuch  confidera- 
ble  difficulty,  that  It  is  neceffary  to  take  the  affiftance,  ' 
of  a more  elementary  problem,  in  order  to  find,  at'  1 
leaft  nearly,  the  diftance  of  the  comet  from  the  earthy..  . 
at  the  times  when  it  wasobferved.  The  expedient  for 
th  is  purpofe,  fuggtfted  by  Newton  himfelf,  was  to  con,-- 
fider  a fmall  part  of  the  comet’s  path  as  redfillneal,  and’ 
deferibed  with  an  uniform  motion,  fo  that  four  obfer- 
vatlons  of  the  comet  being  made  at  moderate  intervals  of  ** 
time  from  one  another,  four  ftraight  lines  would  be  de- 
termined,  viz-,  the  four  lines  joining  the  places  of  the 
earth  and  the  comet,  at  the  times  of  obfervation,  acrofs 
which  if  a ftraight  line  were  drawn,  fo  as  to  be  cut  by  ’ 
them  in  three  parts,  in  the  fame  ratios  with  the  inter- 
vals of  time  aboveinentioned  ; the  line  fo  drawn  would 
nearly  reprefent  the  comet’s  path,  and  by  its  interfcdlion 
wnth  the  given  lines,  would  determine,  at  leaft  nearly, 
the  diftances  of  the  comet  from  the  earth  at  tltetlmeof 
obfervation. 

‘‘  The  geometrical  problem  here  employed,  of  draw- 
ing aline  to  be  di vi eft d by  four  other  lines  given  in  po- 
fition, into  parts  having  given  ratios  to  one  another, 
had  been  already  refolved  by  Dr,  Wallis  and  Sir  Chrif- 
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toplier  Wren,  and  to  their  folntlons  Sir  Ifaac  Newton 
added  three  ethers  of  his  own,  in  different  parts  of  his 
works.  Yet  none  of  all  thefe  geometers  obferved  that 
peculiarity  in  the  problem  which  rendered  it  inapplicable 
to  aftronomy.  This  was  firfl  done  by  M.  Bofcovich, 
but  not  till  after  many  trials,  whefli,  on  its  application 
to  the  motion  of  comets,  it  had  never  led  to  any  fatif- 
fadlory  refult.  The  errors  it  produced  in  fome  inflances 
were  fo  conliderable,  that  Zanotti,  feeking  to  determine 
by  it  the  orbit  of  the  comet  of  1739,  ^''^^nd,  that  his 
conilrudlion  threw  the  comet  on  the  lide  of  the  fun  op- 
polite  to  that  on  which  he  had  aftiially  obferved  it. 
This  gave  occafion  to  Bofcovich,  fome  years  afterwards, 
to  examine  the  different  cafes  of  the  problem,  and  to 
remark  that,  in  one  of  them,  it  became  indeterminate, 
and  that,  by  a curious  coincidence,  this  happened  in  the 
only  caie  which  could  he  fuppofed  applicable  to  the  af- 
tronomierd' problem  ahovementioned  ; in  otlier  words, 
he  found,  that  in  the  flate  of  the  data,  which  mult 
there  always  tahe  place,  innumerable  lines  might  be 
drawn,  that  would  be  all  cut  in  the  fame  ratio,  by  the 
four  lines  giveiT  in  pofition.  This  he  demondrated  in  a 
differtation  puhliflied  at  Rome  in  1749,  and  fijice  that 
time  in  the  third  volume  of  his  Opufcula,  A demonib  a- 
ticn  of  it,  by  the  fame  author,  is  alfo  inferted  at  the 
end  of  Caftillon’s  Commentary  on  the  ylrithmetica  Unl- 
where  it  is  deduced  from  a conflruAion  of  the 
'general  problem,  given  by  Mr.  Thomas  SimpfOn,  at  the 
end  of  his  Elements  of  Geometiy.  The  propolition,  in 
Bofcovich’s  \vords,  is  this  : Problema  quo  qumritiir  lec- 
ta  linea  quae  quatuor  redtas  pofitione  datas  ita  fecet,  ut 
-tria  ejus  fegmenta  fmt  invicem^  in  ratione  data,  evadit 
aliquando  indeterminatnm,  ita  lit  per  qiiodvis  pnnftum 
cujufvis  ex  ii^  quatuor  redis  duci  poffit  redla  linca,  qum 
ci  conditioni  faciat  fatis. 

**  It  is  needlefs,  I believe,  to  remark,  that  the  pro- 
pofition  thus  enunciated^  is  a Porifm,  and  that  it  was 
difeovered- by  Bofeoiich,  in  the  fame  way,  in  which  I 
have  fuppofed  Porifms  to  have  been  firfl  dilcovered  by 
the  geometers  of  antiquity. 

**  A queRion  nearly  connefted  with  the  origin  of 
Porifms  Rill  remains  to  be  folvcd,  namely,  from  what 
Caufe  lia^  if  arifen  that  propofitions  which  are  in  them- 
felvesfo  important,  and  that  adually  occupied  fo  confi- 
derable  a plaee^  in  the  ancient  geometry^,  have  been  fo 
little  remarked'  ib  the  modern  ? It  cannot  indeed  be 
faid,  that  propofitions  of  this  kind  were  wholly  un- 
knowm  to  the" ‘Moderns  before  the  rcRoration  of  w'hat 
Euclid  had  tvritten  concerning  them;  for  bcfides  iM. 
Bofcovich^s  propofition,  of  which  fo  much  has  been  al- 
ready faid,  the  theorem  ivhich  afferts,  that  in  every 
iyRem  of  points  there  is  a centre  of  gravity,  has  been 
fliewn  above  to  be  a Porifm  ;■  and  w'c  fliall  fee  hereafter, 
that  maiiy  of  the  theorems  in  the  higher  geometry  be- 
long to  the  fame  clafs  of  propofitions.  We  may'  add, 
that  fome  of  the  elementary  propofitions  of  geometry 
want  only  the  proper  form  of  enunciation  tethe  pCrfedt 
Porifms.  It  is  not  therefore  Rriclly  true,  that  none  of 
the  propofitions  called  Porifms  have  been  knowm  to  the 
Moderns;  but  it  is  certain,  that  they  have' not  met, 
from  them,  with  the  attention  they  met  wn’th  from  the 
Ancients,  and  that  they  have  not  been  diRinguifhed  as 
a feparate  cMs  of  propofitions.  The  caufe  of  this  dif- 
ference h undoubtedly  to  be  fought  for  in  a cofhparrfcm 


of  the  methods  employ'cd  for  the  folotioii  of  geome- 
trical problems  in  ancient  and  modern  times. 

“ In  thefolution  of  fuch problems,  the  geometers  of 
antiquity  proceeded  w’ith  the  utmoR  caution,  and  were 
careful  to  rem.ark  every  particular  cafe,  that  is  to  fay, 
every  change  in  the  conRruiSiIon,  which  any  change  in 
the  Rate  of  the  data  could  produce.  The  different  con- 
ditions from  which  the  foiiitions  were  deri-'ed,  were 
fuppofed  to  vary  one  by  one,  while  the  others  remained 
the  fame  ; and  all  tlieir  poffibie  combinations  being 
thus  enumerated,  a leparate  folution  was  given,  w'hcre- 
ever  any  conf  derable  change  was  obferved  to  have  taken 
place. 

“ This  W'Tis  fo  much  the  cafe,  that  the  Ratioms, 
a geometrical  problem  of  no  great  difficulty,  and  one  of 
vvnich  the  folution  w'ould  be  difpatched,  according*  to 
the  methods  of  the  modern  geometry,  in  a fingle  page, 
was  made  by  Apollonius,  the  ful^edf  of  atreatife  con- 
RRing  of  two  hooks.  The  firR  book  has  feven  general 
divifions,  and  tw'enty-foiir  cafes  ; the  fccond,  fourteen 
general  divifions,  and  feventy-three  cafes,  each  of  wdiich 
cafes  is  feparately  confidered.  Nothing,  It  is  evident, 
that  w'as  any  way  conneded  w-Ith  the  problem,  could 
efcape  a geometer,  who  proceeded  with  fuch  minutenefs 
of  InveRigation. 

O 

“ I'he  fame  fcrupulous  exadnefs  may  be  remarked 
In  all  the  other  mathematical  refearches  of  the  Ancients; 
and  the  reafoii  douhtlefs  is,  that  the  geometers  of  thofe 
ages,  how'ever  expert  they  were  in  the  ufe  of  their  ana- 
lylis,had  not  fufficient  experience  in  its  powers,  to  truff 
to  the  more  general  applications  of  It.  That  principle 
which  W'e  call  the nf  continuity^  and  wdiich  conneds 
the  whole  fyRein  of  mathematical  tiuths  by  a chain  of 
infenfible  gradations,  w'as  fcarcely  known  to  them,  and 
has  been  unfolded  to  us,  only  by  a more  extenfive  know- 
ledge of  the  mathematical  fclences,  and  by  that  moft 
perfed  mode  of  expreffing  the  relations  of  quantity, 
which  forms  the  language  of  algebra;  and  it  is  this 
principle  alone  which  has  taught  us,  that  though  in  the 
folution  of  a problem,  it  may  be  Impoffible  to  condud 
the  inveRigation  without  affumlng  the  data  in  a partU 
culnr  Rate,  yet  the  refult  maybe  pei  fedly  ^ind 

will  accommodate  Itfelf  to  every  cafe  with  fuch  won- 
derful verfatility,  as  is  fcarcely  credible  to  the  moR  ex- 
perienced matlieinaticlan,  and  fucii  as  often  forces  him 
to  Rop,  in  the  midR  of  liis  calculus,  and  look  back, 
with  a mixture  of  tliffidence  and  admiration,  on  the 
iinforefeen  harmony  of  his  concluRans,  Ail  this  was 
unknowm  to  the  Ancients  ; and  therefore  they  had  no 
refource,  but  to  apply  their  aiialylis  iejfiaiately  to  each 
particular  cafe,  with  that  extreme  caution  wdiich  ]ia$ 
juR  been  dci'crihcd  ; and  in  doing  fo,  they  w'ere  likedv* 
to  remark  many  peculiarities,  which  more  extenfive 
^views,  and  more  expeditious  methods  of  inveRigatioiij 
might  perhaps  have  Induced  them  to  overlook. 

To  reR  fatisfied,  indeed,  with,  too  general  refults, 
and  not  to  defeend  lufficicntly  Info  particular  details, 
may  be  conffdered  as  a vice  that  naturally  arifes  out  of 
the*  excellence'  of  the  modern  dmnlyfis.  The  effect 
which  thie  has  had,  in  concealing  from  us  die  clafs  of 
propofitions  we  are  now  confidering,  cannot  be  better 
illuRrated  than  by  the  example  of  the  Porifm  difeovered 
by  Bofcovich;  in  the  manner  related  above.  Though 
the  problem  from  w'hich  that  Bonfm  is  derived,  was 
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rer(;Ived  by  feveral  mathematicians  of  the  firil:  eminence, 
amon^  vvlioni  alfo  was  Sir  Ifaac  Newton,  yet  the 
Forifm  which,  as  it  happens  is  the  moil  important  cafe 
of  it,  was  not  obferved  by  any  of  them.  This  is  the 
more  remarkable,  that  Sir  Ifaac  Newton  takes  notice 
of  the  two  mofl  fimple  cafes,  in  which  the  problem  ob- 
vioiifly  admits  of  iimiimerable  folutions,  viz,  when  the 
lines  given  in  poiltion  are  cither  all  parallel,  or  all  inect- 
iiT/  in  a Doint,  and  thefe  two  hvpotheies  he  therefore 
expreNIy  excepts.  Yet  he  did  not  remark,  that  there 
are  otlier  circLiuiiiances  which  may  render  the  folution 
of  the  problem  indeterminate  as  well  as  thefe  ; fo  that 
the  porifmatic  cafe  confidered  above,  efcaped  his  obfer- 
•v'ation  : and  if  it  efcaped  the  obfervation  of  one  wTo 
was  accuftomed  to  penetrate  fo  far  into  matters  infinitely 
more  cbfeure,  it  was  becaufe  he  fatisfied  liimfelf  with 
a general  conftrudlion,  withont  purfuirig  it  into  its  par- 
ticular cafes.  Had  the  folution  been  condudled  after 
the  manner  of  Euclid  or  Apollonius,  the  Porifm  in 
quefiion  muft  inlallibly  have  been  difeovered.” 

FORISTiC  Method^  is  that  which  determines  when, 
,by  what  means,  and  how  many  different  ways,  a pro- 
blem may  be  refolved. 

PORTA  (John  Baptista),  called  alfo  in  Italy 
Crii')-van  Batijla  cle  la  Porta,  of  Naples,  lived  about  th'e 
end  of  the  l6th  century,  and  was  famous  for  his  flciU 
in  phllofophy,  mathematics,  medicine,  natural  hillory, 
^c,  as  well  as  for  his  Indefatigable  endeavours  to  im- 
prove and  propagate  the  knowledge  of  tbofe  iciences. 
Witlithis  view,  he  not  only  efiablilhed  private  Ichools 
for  particular  feiences,  but  to  the  utmoli  of  his  power 
promoted  public  academies.  He  had  no  fmall  lliare  in 
eftabiifhing  the  academy  at  GU  Ozwm,  at  Naples,  and 
had  one  in  his  own  houfe,  called  ck  Secr-fU„  into  which 
none  w’^ere  admitted  members,  but  fiich  as  had  made 
fome  new  difeoveries  in  nature.  He  died  at  Pifa,  in 
the  kingdom  of  Naples,  in  the  year  1615. 

Porta  gave  the  fullefi;  proof  of  an  extenfive  genius, 
and  wrote  a great  many  works  j the  principal  of  whicli 
are  as  follow  : 

1.  His  Natural  Magic  ; a book  abounding  with  cu- 
rious experiments  ; but  containing  nothing  of  magic, 
the  common  acceptation  of  the  word,  as  he  pretends  to 
nothing  above  the  power  of  nature. 

2.  Eleme?its  of  Curve  Lanes* 

3.  APreatiJe  of  DifilUathn* 

4.  A Preatife.  of  Arithmetic* 

5.  Concerning  Secret  Letter-writing* 

6.  Of  Optical  Refractions* 

g,  A ’Treaty e of  Fortification* 

8.  A Treatifc  of  Phyfognorny. 

Befide  fome  Plays  and  other  pieces  of  lefs  note. 

PORTAIL,  in  Archite6lure,  the  face  or  frontiipiece 
of  a church,  viewed  on  the  fide  in  which  the  great  door 
35  placed.  It  means  alfo  the  great  door  or  gate  itfelf  of 
a palace,  caftle,  &c. 

PORTAL,  in  Architcdlure,  a term  ufed  for  a little 
' fquare  corner  of  a room,  cut  off  from  the  reft  of  the 
room  by  the  wainfeot ; frequent  in  the  ancient  build- 
ings, but  now  difufed. 

Portal  is  fometimes  alfo  ufed  for  a little  gate,  por- 
tella ; where  there  are  two  gates,  a large  and  a fmall 
onex 


Portal  is  fometimes  alfo  ufed  for  a kind  of  arch  of 
joiner’s  work  before  a door. 

PORTCULLICE,  called  alfo  Herfe,  and  Sarrafn, 
in  E'ortification,  an  afiemblage  of  feveral  large  pieces  of 
wood  laid  or  joined  acrofs  one  another,  like  a harrow', 
and  each  pointed  at  the  bottom  with  iron.  Thefe  were 
formerly  ufed  to  be  hung  over  the  gateways  of  fortified 
places,  to  be  ready  bo  let  down  in  cafe  of  a furprize, 
when  the  enemy  fiiould  come  fo  quick,  as  not  to  allow 
time  to  (hut  the  gates.  But  the  orgues  are  now  more 
generally  ufed,  being  found  to  anfwer  the  purpofe 
better. 

PORT-Fire,  in  Gunnery,  a paper  tube,  about  IQ 
inches  long,  filled  with  a compofition  of  meal-powder, 
fiilphur,  and  nitre,  rammed  moderately  hard  ; ufed  to 
fire  guns  and  mortars,  Inftead  of  match. 

PORTICO,  In  Architedlure,  is  a kind  of  gallery, 
raifed  upon  arches,  under  which  people  walk  for 
fhelter. 

POSITION,  or  Site,  or  Slfnatlon,  in  Phyfics,  is  an 
affedlion  of  place,  exprelTmg  the  manner  of  a body’s 
being  in  it. 

Position,  in  Architeclure,  denotes  the  fituation  of 
a building,  with  refpeft  to  the  points  of  the  horizon. 
The  bell  it  is  thought  is  wdien  the  four  fides  point  di- 
redtly  to  the  four  winds. 

Position,  in  Afironomy,  relates  to  the  fphere.  The 
pofition  of  the  fphere  is  either  right,  parallel,  or  oblique ; 
whence  arife  the  inequality  of  days,  the  difference  of 
feafons,  &c. 

Circles  of  PosiTiO'^,  are  circles  paffing  through 
common  interfedlions  of  the  horizon  and  meridian,  and 
through  any  degree  of  the  ecliptic,  or  the  centre  of  any' 
Ear,  or  other  point  in  the  heavens  ; • ufed  for  findiRg 
out  the  pofition  or  fituation  of  any  Ear.  'Thefe  ar« 
ufually  counted  fix  in  number,  cutting  the  equator  into 
twelve  equal  parts,  which  the  aErologers  call  the  celef- 
tial  houfes.  ' 

Position,  in  Arithmetic,  caUed  alfo  Falfe  PoE- 
tion,  or  Suppofition,  or  Rule  of  Falfe,  is  a rule  fo 
called,  becaufe  it  confiEs  In  calculating  by  falfe  numbers 
fiippofed  or  taken  at  random,  according  to  the  procefs 
deferibed  In  any  queEion  or  problem  propofed,  as  if 
they  were  the  true  numbers,  and  then  from^he  refults, 
compared  with  that  given  in  .the  queEion,  the  true 
numbers  are  found.  It  is  fometimes  alfo  called  Trial- 
and-Error,  becaufe  , it  proceeds  by  trials  of  falfe  num- 
bers, and  thence  finds  out  the  true  ones  by  a compaii^ 
fon  of  the  errors. 

Pofition  is.  either  Single  or  Double. 

Single  Position  is  when  only  one  fuppofition  is  em- 
ployed in  the  calculation.  And  • 

Douhle  Position  is  that  in  vvhich  two  fuppofitlons 
are  employed.  , , 

To  the  rule  of  Pofition  properly  belong  fuch  qiief- 
tions  as  cannot  be  refolved  from  a diredl  procefs  by  any 
of  the  other  ufual  rules  in  arithmetic,  and  in  which  the 
required  numbers  do  not  afeend  above  the  firE,  power 4. 
fuch,  for  example,  as  moE  of  the  queEions  ufually 
brought  to  exercife  the  redudlion  of  limple  equations 
in  algebra.  But  it  will  not  bring  out  true  anfwers 
when  the  numbers  fought  afeend  above  the  firE  pow'^er  ; 
fox  theu  the  refults  are  not  proportional  to  the  Pofitions, 
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fuppofed  numbers,  as  in  the  Tingle  rule  ; nor  yet  the 
errors  to  the  difFerence  of  the  true  number  and  eacli 
Pofition,  as  in  the  double  rule.  Yet  in  all  fuch  cafes, 
it  is  a very  good  approximation,  and  in  exponential 
equations,  as  well  as  in  many  other  things,  it  fuccceds 
better  than  perhaps  any  other  method  whatever. 

Thofe  queftions,  in  which  the  refnlts  are  propor- 
tional to  their  fuppofiticns,  belong  to  Single  Pofition  ; 
fuch  are  thofe  which  require  the  multiplication  or  divi- 
■ fion  of  the  number  fought  by  any  number  ; or  in  which 
it  is  to  be  increafed  or  diminillied  by  itfelf  any  number 
of  times,  or  by  any  part  or  parts  of  it.  But  thofe  in 
which  the  refults  are  not  proportional  to  their  pofitlons, 
belong  to  the  double  rule  : fuch  are  thofe,  in  which  the 
mimbers  fought,  or  their  multiples  or  parts,  are  in- 
creafed or  dlmlnlfhed  by  fome  given  abfolute  number, 
which  is  no  known  part  of  the  number  fought. 

To  work  by  the  !Swgle  Rule  of  Position.  Siippofe, 
take,  oraffume  any  number  at  pleafure,  for  the  number 
fought,  and  proceed  with  it  as  if  it  w^ere  the  true  num- 
ber, that  is,  perform  the  fame  operations  with  it  as,  in 
the  quefllon,  are  defcribed  to  be  performed  with  the 
number  required  : then  if  the  refnlt  of  thofe  operations 
be  the  fame  with  that  mentioned  or  given  in  the  quef. 
tioii,  the  fuppofed  number  is  the  fame  as  the  true  one 
that  was  required  ; but  if  It  be  not,  make  this  propor- 
tion, viz,  as  your  refult  is  to  that  in  the  queftion,  fo  is 
your  fuppofed  falfe  number,  to  the  true  one  required. 

Ejeawplc,  Suppofe  that  a perfon,  after  fpending  I 
and  I of  his  money,  has  yet  remaining  6cl.;  what  lum 
had  he  at  firll  ? 

Suppofe  he  had  at  firfl  1 2olv 

Now  I of  120  is  40 
and  J of  it  is  30 


produdf  from  the  other,  as  alfo  the  one  error  fram  the 
other,  and  divide  the  former  of  thefe  two  remainders 
by  the  latter,  for  the  anfwer,  or  number  fought.  But 
if  the  errors  be  unlike,  that  is,  the  one  -f , and  the 
other  — , add  the  two  produdls  together,  and  alfo  the 
two  errors  together,  and  divide  the  former  fum  by  the 
latter,  for  the  anfwer. 

And  in  this  rule  it  is  particularly  iifeful  to  remember 
this  part  of  the  rule,  viz.  to  fubtradf  when  the  errors 
are  alike,  both  + or  both  but  to  add  wdien  unlike,^ 
or  the  one  -j-  and  the  other  — . 

Example.  A fon  aflcing  his  father  how  old  he  was, 
received  this  anfwer  ; Your  age  1«  now  ^ of  mine  ; but  5 
years  ago  your  age  was  only  j of  mine  at  that  tlme». 
What  then  were  their  ages  \ 

Firfl,  fuppofe  the  fon  19;. 

then  13  X 4 =r  60  the  father’^s ; 
alfo,  3 years  ago  tlie  fon  was  ro,. 
and  the  father’s  miift  be  5 3, 

but  ought  to  be  10  X 5 or  50, 
therefore  the  error  Is  5 — » 

Again,  fup.pofe  the  fon  22  ; 

then  22  X 4 = 88  is  the  father^s  j: 
alfo  3 years  ago  the  fon  w^as  i 7, 
and  the  father’s  then  8j., 

but  ought  to  be  17  X 5,  or  83, 
therefore  the  error  is  2 + . 

And  the  - errors,  being  unlike,  mull  be  added,  theiV 


fum  being  7. 

Then  15 

22 

2 

5 

30 

1 10 

30 

thwr  fum  is  70 

which  taken  from  12a 


leaves  remaining  50,  inftead  of  60. 

Therefore  as  50  : 60  : : 120  : 144  the  fum  at  fir  ft. 

Proof.  I of  144  is  48 
^ of  it  is  36  - 


their  fum  84 
taken  from  144 


leaves  juft  60  as  per  queft. 


To  nvork  ly  the  Double  Rule  (^Position* 

In  this  rule,  make  two  different  fnppofitions,  or 
affuraptions,  and  work  or  peiform  the  operations  with 
each,  defcribed  in  the  queftion,  exaftly  as  In  the  Tingle 
rule  : and  if  neither  of  the  fuppofed  numbers  folve  the 
queftion,  that  is,  produce  a refult  agreeing  with  that 
in  the  queftion  ; then  obferve  the  eiTors,  or  how  much 
each  of  the  falfe  refults  differs  from  the  true  one,  and 
alfo  whether  they  are  too  great  or  too  little ; marking 
them  with  4-  when  too  great,  and  wnth  — when  too 
little.  Next  multiply,  croffv/ife,  each  pofition  by  the 
error  of  the  other  ; and  if  the  errors  be  of  the  fame 
affe^flojD,  that  Is  both  both  — , fubtrad  the  one 


7 ) 140  ( 20  the  fon^s  age.,, 
and  confequently  80  the  father’s. 

This  rule  of  Pofition,  or  trial-and-error,  is  a good 
general  \vay  of  approximating  to  the  roots  of  the 
higher  equations,  to  which  it  may  be  applied  even  be- 
fore the  equation  Is  reduced  to  a final  or  fimple  ftate, 
by  which  it  often  faves  much  trouble  in  fuch  reduc- 
tions. It  is  alfo  eminently  ufeful  in  refolving  exponen- 
tial equations,  and  equations  Involving  arcs,  or  fines* 
See,  or  logarithms,  and  in  ihort  in  any  equations  that 
are  very  intricate  and  difficult.  And  even  in  the  ex- 
traefion  of  the  higher  roots  of  common  numbers,  It  may 
be  verv’’  ufefully  applied.  As  for  inftance,  to  extract 
the  ^d  or  cubic  root  of  the  number  20. — Here  it  Is 
evident  that  the  root  Is  greater  than  2 and  lefs  than  34 
making  thefe  two  numbers  therefore  the  fuppofitions,. 
the  procefs  will  be  thus  : 


ift  fup.  2^  = 8 
given  number  20 

2d  flip.  3^ 

given  number 

0 

11 

ift  error 

12  — 

2d  error 

- 7 + 

3 

• 

r 

2 

12  36] 

7 14] 

$ 

add. 

H 

■ - 

•'  9 ) 5«  ( 

2*63  the  firft  approximation, 

Agaljjj, 
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Again,  as  it  thus  appears  the  cube  root  of  20  is  near 
2*6  or  2 ‘7,  make  fuppofition  of  thefe  two,  and  repeat 
'the  procefs  with  them,  thus  : 

ill  flip.  2*6^  = 17*576  2d  fup.  2*73=  19*683 
given  number  20*  given  number  20* 


I ft  error 


2*424—  2d  error 
2*7 


0*317 

2*6 


16968  1902 

4848  634 


3’424 

•317 


6-5448 1 
•8242  J 


fubtr. 


•8242 


2*107)  5*7206  {2*714  root  fought. 

The  rule  of  Pofition  paffed  from  the  Moors  into 
Turope,  by  Spain  and  Italy,  along  with  their  algebra, 
or  method  of  equations,  which  was  probably  derived 
■from  the  former. 

Position,  in  Geometry,  refpccfts  the  fituation,  bear- 
ing, or  dii-ediion  of  one  thing,,  with  regard  to  another. 
And  Euclid  fays,  ‘‘  Points,  lines,  and  angles,  which 
have  and  keep  always  one  and  the  fame  place  and  fitua- 
tion, are  faid  to  be  given  by  Pofition  or  fituation.’’ 
Tata,  def.  4. 

POSITIVE  ^laniltles,  in  Algebra,  fuch  as  are  of  a 
teal,  affirmative,  or  additive  nature  ; and  which  either 
have,  or  are  fuppofed  to  have,  the  affirmative  or  pofitive 
lign  + before  them  ; as  <2  or  or  bc^  &c.  It  is 

uied  in  contradiftindlion  from  negative  quantities,  which 
are  defective  or  fubdudlive  ones,  and  marked  by  the 
fjgn  — ; as  — <2,  or  — ah, 

POSTERN,  or  Sally-port^  in  Fortification,  a fmall 
gate,  ufually  made  in  the  angle  of  the  flank  of  a 
baftion,  or  in  that  of  the  curtain,  or  near  the  orillon, 
defeendrng  into  the  ditch ; by  which  tke  gan  ifon  can 
march  in  and  out,  unperceived  by  the  enemy,  either  to 
relieve  the  works,  or  to  make  private  fallies,  See. — It 
means  alfo  any  private  or  back  door. 

POSTICUM,  in  Archite6fure,  the  poftern  gate,  or 
back-door  of  any  fabric. 

POSTULATE,  a demand,  petition,  or  a problem 
of  fo  obvious  a nature,  as  to  need  neither  demonftration, 
uor  explication,  to  render  it  either  more  plain  or  certain. 
This  definition  will  nearly  agree  alfo  to  an  axiom,  which 
is  a felf-evident  theorem,  as  a Poftulate  is  a felf-evident 
problem. 

Euclid  lays  down  thefe  three  Poftiilates  in  his  Ele- 
ments 'y  viz,  ift,  That  from  one  point-  to  another  a line 
can  be  drawn.  2d,  That  a right  line  can  be  produced 
out  at  pleafnre.  3d,  That  v/ith  any  centre  and  radius 
a circle  may  be  deferibed. 

Asito  axioms,  he  has  a'great  number  ; as,  That  two 
things  .which  are  equal  to  one  and  the  fame  thing,  are 
equal  to  each  other,  &c. 

POUND,  a certain  weight ; which  is  of  two  kinds, 
viz.,  the  pound  troy,  and  the  pound  avoirdupois  ; the 
former  connfting  of  12  ounces  troy,  and  the  latter  of 
16  dunces  avoirdupois. — The  pound  troy  is  to  the 
pound  avoirdupois  as  5760  to  6999 L nearly  576  to 
700.. 

Pound  alfo  Is  an  imaginary  monSy  iifed  in  account- 


ing, in  feveral  countries.  Thus,  in  England  there  is 
the  Pound  fterling,  containing  20  fhilUngs  ; in  France 
the  Pound  or  llvie  Tournois  and  Parifis;  in  Holland  .1 
and  Flanders,  a Pound  or  livi-e  de  gros,  &c.— The 
term  arofe  from  hence,  that  the  ancient  pound  fterling, 
though  It  only  contained  240  pence,  as  ours  does  ; yet 
each  penny  being  equal  to  five  of  ours,  the  pound  of 
filver  weighed  a Pound  troy. 

POUNDER,  In  Artillery,  a term  ufed  to  exprefs  a 
certain  weight  of  (hot  or  ball,  or  how  many  pounds 
weight  the  proper  ball  is  for  any  cannon : as  a 24 
pounder,  a 12  pounder,  &c. 

POVfDER,  Gun.  See  Gunpowder. 

PowDE R- Wzhrj-.  See  Eprouvette'. 

POWER,  in  Mechanics,  denotes  fome  force  which’, 
being  applied  to  a machine,  tends  to  produce  motion  ; 
whether  it  does  adtually  pi-oduce  it  or  not.  In  the 
former  cafe,  it  is  called  a moving  Power  j in  the  latter, 
a fuftaiuing  power. 

Power  is  alfo  ufed  in  Mechanics,  for  any  of  the  fix 
fimple  machines,  viz.  the  lever,  the  balance,  the  ferevr, 
the  wheel  and  axle,  the  wedge,  and  the  pulley. 

Power  of  a GLafsy  in  Optics,  is  by  fome  ufed  fur 
the  diilance  bet;veen  the  convexity  and  the  folar 
focus. 

Power,  in  Arithmetic,  the  produce  of  a number, 
or  other  quantity,  arlfing  by  multiplying  it  by  itfelf, 
any  number  of  times. 

Any  number  is  called  the  firft  power  of  itfelf.  If  it 
be  multiplied  once  by  itfelf,  the  produdl  Is  the  fecond 
power,  or  fqirai'e  ; if  this  be  multiplied  by  the  firft 
power  again,  the  produdf  is  the  thii'd  power,  or  cube  ; 
if  this  be  multiplied  by  the  fii-ft  power  again,  the  pro- 
duct is  the  fourth  power,  or  biquadi'atrc  ; and  fo  on  ; 
the  Power  being  always  denominated  from  the  number 
which  exceeds  the  multiplications  by  one  or  unitv, 
which  number  is  called  the  index  or  exponent  of  the 
Power,  and  is  now  fet  at  the  upper  corner  towards  the 
right  of  the  given  quantity  or  root,  to  denote  or  expreia 
the  Power.  Thus, 

3 or  3*  = 3 is  the  ift  power  of  3*, 

3 ^ 3 o**  3*  ^ 9 2d  power  of  3, 

f X 3 or  3-^  27  is  the  3d  power  of  3, 

f X 3 or  3“^  :=  81  is  the  4th  power  of  3, 

See,  ■ ’ See. 

Hence,  to  raife  a quantity  to  a given  Power  or  dig*  ; 
nity,  is  the  fame  as  to  find  the  produA:  arifing  from  its  I 

being  multiplied  by  itfelf  a certain  number  of  times;  for  i 

example,  to  raife  2 to  the  3d  power,  is  the  fame  thing 
as  to  find  the  faeftum,  ‘or  product  8 rr  2 x 2 x 2.  The  *1 
operation  of  raifing  I’owers,  is  called  Involution.  ' j 

Powers,  of  the  fame  degree,  are  to  one  another  in  | 
the  ratio  of  the  roots  as  manifold  as  their  common  ex-  i 
ponent  contains  units  : thus,  fquai’es  arc  in  a duplicate  ’ 
ratio  of  the  roots;  cubes  in  a triplicate  ratio;  qtli 
powers  in  a quadruplicate  ratio. — And  the  Powers  of 
proportional  quantities  are  alfo  proportional  to  one 
another  : fo,  if  zr  : 3 ; :_c  : //,  then,  in  any  Powers  alfo,  ' 
: r/'’.  ; 

The  particular  names  of  the  feveral  Powers,  as  Intro- 
duced by  the  Arabians,  were,  fquare,  cube,  quadi'ato- 
quadratiim  or  biquadrate,  furfolid,  cube  fquared,  fecond 
furfolid,  quadrato- quadrate -quadr^tum,  cube  of  the 

cube, 
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tubei  fqpare  of  the  furfolld,  third  furfolid,  and  fo  on, 
according  to  the  produBs  of  the  indices. 

And  the  names  given  by  Diophantus,  who  is  followed 
by  Vieta  and  Oughtred,,are,  the  fide  or  root,  fquare, 
cube,  quadrato-qjLiadratum,  quadrato-cubus,  cubo*cubus, 
quadrato-quadrato-cubus,  quadrato-cubo-cubus,  cubo- 
CLibo-ciibus,.  dec,  according  to  the  fums  of  the  indices. 

But  the  moder  ns,,  after  Dc&  Cartes,  are  contented  to 
dlftinguiih  moil  of  trie  Powers  by  the  exponents;  as 
ill,  2d,  3d,  4th,  &c. 

The  charadters  by  which  the  feveral  Powers  are  de- 
noted, both  in  the  Arabic  and  Cartefian  notation  are  as 
follow  : 

Arab.  l R q c hq.  s qc  Bf  tq  he 

Cart,  n®  a-  a‘^  u^'  cB 

I 2 4 8 16  32  64  128  236  512 

Blence,  i.ft.  The  Powers  of  any  quantity,  form  a- 
feries  of  geometrical  proportionals,  and  their  exponents 
aferies  of  arithmetical  proportionals,- in  fuch  lort  that 
the  addition  of  the  latter  anfwers  to  the  multiplication 
of  the  former,  and  the  iiibtraclion  of  the  latter  anfwers 
to  the  divifion  of  the  former,  &:.c  ; or  in  Ihort,  that  the 
latter,  or  exponents,  are  as  the  logarithms  of  the  for- 
mer, or  Powers. 

Thus,  X,  and  2 + 3 = 5;. 

4.  X 8 = 32; 

alfo  and  5—3  = 2;. 

32  -f-  8 = 4. 

2d.  The  o Power  of  any  quantity, .as  a®-,  is  “ r. 

3d.  Powers  of  the  fame  quantity  are  multiplied,  by 
adding  their  exponents  : Thus, 

Mult.  3'"'  2'^ 

by 


T,  1 -7  6 2m  m4-n  "l-l-a 

Prod.  a7  x^  y x ^ ' 


4th.  Powers  are-  divided  by  fubtrac^ing  their  expo- 
nents. Thus, 


DIv. 

227- 

,in  4-n 

A- 

3+^ 

22^ 

by 

^.m 

223 

Q_uot. 

22^ 

5th,  Powers  are  alfo  confidered  as  negative  ones, 
or  having  negative  exponents,  when  they  denote 
a divifor,  or  the  denominator  of  a fradlion.  So 

^ I 

— = and  — = and  — = ,sr-4,&c. 

And  hence  any  quantity  may  be  changed  from  the 
denominator  to  the  numerator,  or  from  a divifor  to  a 
multiplier,  or  vice  verfa,  by  changing  the  fign  of  its 
-exponent ; and  the  whole  feries  of  Powers  proceeds  in- 
definitely both  ways  from  i or  the  o Power, ..  pofitive  on 
the  one  hand,  and  negative  on  the  other.  Thus, 

&c  a"^  a~'^  a'^  a*  8cc, 

I I I I 

or&c  — — — — 1 a See. 

a 

jpewers  are  alfo  denoted  with  fractional  exponents,  or 


even  with  furd  or  irrational  ones ; and  then  the  nu- 
merator denotes  the  Power  raifed  to,  and  the  de- 
nominator the  exponent  of  fome  root  to  be  extracted; 
Thus,  , 

j^/ a — cR ^ and  t^/ — a'^,  and  4/12^  = 22^,  Sec. 

And  thefe  are  fometimes  called  iinperfeil  powers,  or 
lurds. 

When  the  quantity  to  be  raifed  to  any  Power  is  pofi- 
tive, all  its  Posvers  mull  be  pofitive.  And  when  the. 
radical  quantity  is  negative,  yet  all  its  even  Povrers  mult 
, be  pofitive  ; becaufe  — X — gives  4-  : the  odd  Powers 
only  being  negative,  or  when  their  e.xponeiits  are  odd' 
numbers  : Thus,  the  Powers  of  — a, 

are  -{*  C T T T 

where  the  even  Powers  22^,  are  pofitive, 

and  the  odd  Powers  2/,  a'^y  22^  are  negative. 

Hence,  if  a Power  have  a negativ^e  fign,  no  even^ 
root  of  it  can  be  affigned  ; fince  no  quantity  multiplied 
by  itfcif  an  even  number  of  times,  can  give  a negative' 
produft.  Thus  -v/  — 22*,  or  the  fqum*e  or  2d  root  of- 
— a^,  cannot  be  afligned  ;.and  is  called  an .Impofiible. 
root,  or  an  imaginary  quantity, — Every  Power  has  as^ 
many  roots,  real  and  imaginary,  as  there  arc  units  in 
pie  exponent. 

M.  De  la  Hire  gives  a very  odd  property  common 
to  all  Powers.  M.  Carre  had  obferved  with  regard  to 
the  number  6,  that  all  the  natural  cubic  numbers, 
8,  27,  64,  125,  having  their  roots  lefs  than  6,  being- 
divided  by  6,  the  remainder  of  the  divifidn  is  the  root 
itfelf;  and  if  we  go  farther,  216,  the  cube  of  6,  being 
divided  b^v  6,  leaves  no  remainder;  but  the  divifor  6 is 
itfelf  the  root.  Again,  343,  the  cube  of  7,  being  di- 
vided by  6,  leaves  1 ; which  added  to  the  divifor  6, 
makes  the  root  7,  &c.  M.  De  la  Hire,  on  confidering 
this,  has  found  that  all  numbers,  raifed  to  any  Power 
whatever,  have  divifors,  wliich  have  the  fame  efiedl  with 
regard  to  them,  that  6 has  with  regard  to  cubic  num- 
bers. For  finding  thefe  divifors,  he  difeovered  the 
following  general  rule,  viz,  If  the  exponent  of  the 
Power  of  a number  be  even,  i.  e.  if  the  number  be 
raifed  to  the  2d,  4th,  6th,  &c  Power,  it  rnufl  be  di- 
vided by  2 ; the  remainder  of  tlie  divifion,  when  there 
is  any,  added  to  2,  or  to  a multiple  of  2,  gives  the  root 
of  this  number,  correiponding  to  its  Power,  i.  e.  the  2d, 
6th,  &c  root. 

But  if  the  exponent  of  the  power  be  an  uneven  - 
number,  i.  e.  If  the  number  be  raifed  to  the  3d,  5th, 
7th,  &c  Power  ; the  double  of  this  exponent  will  be  the 
divifor,  which  has  the  property  abovementioned.  Thus  > 
is  It  found  in  6,  the  double  of  3,  the  exponent  of 
the  Power  of  the  cubes:  fo  alfo  10,  the  double  of  5, 
is  the  divifor  of  all  5th  Powers  ; Sic. 

Any  Power  of  the  natural  numbers  i>  2,  3,  4,  5,  6, . 
&c,  as  the  Kth  Power,  has  as  many  orders  of  differencei 
as  there  are  units  in  the  common  exponent  of  all  the 
numbers;  and.  the  laft  of  thefe  differences  is  a con-- 
ftant  quantity,  and  equal  to  the  continual  produ(ft 

I X 2 X3  X 4 X x«,  continued  till  the 

laft  fadlor,  or  the  number  of  faftor^,  be  «,  the  expo-  - 
nent  of  the  Powers.  Thus, 

3 the 
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1 Pi  Powers  I , 2 » 3 , 4 , 5 , &c,  have  bnt  one  order 

of  differences  I i i i <Sfc,  and  that  difference  is  i. 

ThecdPvvrs.I  4 , 9 , 16  , 2^,  &c;  have  two  orders  of 
differences  3 5 7 9 

222 

and  the  lafl  of  thefe  is  2 nr  i X 2, 

The  3d  Pwrs.  x , 8 , 2 7 , 64  , 125,  A'Cj  have  three  orders 
of  differences  7 19  37  61 

12  18  24 

6 6 

^nd  the  lafl  of  thefe  is  6 ™ i x 2 X 3. 

In  like  mann(3r,  the  4tk  or  lafl  differences  of  the 
4tli  Powers,  are  each  24=1x2x3x4;  and  the 
5th  or  lafl  differences  of  the  5th  Powers,  are  each 
120=1  X2X3X4X5'.  And  fo  on,  Wlrich 
pioperty  was  hrlf:  noticed  by  Peletarius. 

And  the  fame  is  true  of  the  Powei  sof  any  other  arith- 
metical progreffion  I,  I -h  I -f  2r/,  1 -I-  3J,  &c, 

viz,  l,  r-p  2ci^^  I &c, 

-the  number  of  the  orders  of  differences  being  dill  the 
lame  exponent  n,  and  the  laft  of  thofe  orders  eacli 
equal  to  1X2X3 X the  fame'  pro- 

duct of  fadlorsas  before,  multiplied  by  the  fame  Power 
of  the  common  difference  d of  the  feries  of  roots  : as  was 
drewn  by  Briggs. 

And  hence  arifes  a very  eafy  and  general  way  of 
raifing  all  the  Powers  of  all  the  natural  numbers,  viz, 
By  common  addition  only,  beginning  at  the  lad  dif- 
ferences, and  adding  them  all  continually,  one  after 
-another,  up  to  the  Powers  themfelves.  Thus,  to  gene- 
rate the  feries  of  cubes,  or  3d  Powers,  adding  always 
*6,  the  common  3d  difference,  gives  the  2d  differences 
12,  185  24,  &c  ; and  thefe  added  to  the  id  of  the  id 
differences  7,  gives  the  red  of  the  faid  id  differences  ; 
and  thefe  again  added  to  the  id  cube  i,  gives  the  red 
the  feries  of  cubes,  8,  27,  64,  &c,  as  below. 


3c1D. 

2dD. 

idD. 

Cube 

I 

6 

12 

y 

19 

8 

18 

37 

27 

4 

24 

61 

64 

30 

91 

125 

216 

&c. 

Commmjuralle  i«PowpR,  is  faid  of  quantities  which, 
though  not  commenfurable  thenafelves,  have  their 
fquares,  or  fome  other  Power  of  them,  commenfurable. 
Euclid  condnes  it  to  fquares.  Thus,  tire  diagonal  and 
fide  of  a fquare  are  commenfurable  in  Power,  their 
fquares  being  as  2 to  i,  or  commenfurable;  though 
they  are  not  commenfurable  themfelves,  being  as  ^/z 
to  I. 

Power  of  an  Hyperholdy  is  the  fquare  of  the  4th 
part  of  the  conjugate  axis. 

PRACTICAL  Arithmetic,  Geometry,  Mathema- 
tic^, &c,  is  the  part  that  regards  the  pradice,  or  ap- 

2 


plication,  as  contradidinguldied  from  the  theoretical 
part.  ^ 

PRACTICE,  in  Arithmetic,  is  a rule  which  ex pe^ 
ditioudy  and  compendioufly  anfwers  quedions  in  the 
golden  rule,  or  rule-of-tliree,  efpecially  when  the  drib 
term  is  I.  See  rules  for  this  purpofe  in  all  the  books  o! 
practical  arithmetic. 

P RECESS! ON is  a very  fiowmotion 
of  them,  by  which  they  change  their  place,  going  from 
ead  to  wed,  or  backward,  in  afitecedmtia-,  as  adronomci^s 
call  it,  or  contrary  to  the  order  of  the  dgns. 

From  the  late  improvements  in  adronomy  it  appears^ 
that  the  pole,  the  foldices,  the  equinoxes,  and  all  the 
other  points  of  tlie  ecliptic,  have  a retrograde  motion, 
and  are  condantly  moving  from  ead  to  wed,  or  from 
Aries  towards  Plfccs,  &c  ; by  means  of  which,  the  equi- 
nodlial  points  are  carried  farther  and  farther  back,  among 
the  preceding  dgns  or  dars,  at  the  rate  of  about  ^o'^'^^each 
year  ; which  retrograde  motion  is  called  the  Precefiion^ 
Receffion,  or  Retroceffion  of  the  Equinoxes. 

Hence,  as  the  dars  remain  immoveable,  and  the  equi- 
noxes go  backward,  the  dars  wdll  feeiti  to  move  more  and 
more  cadward  with  refpeR  to  them  ; for  which  reafon 
the  longitudes  of  all  the  dars,  being  reckoned  from  the 
drd  point  of  Aries,  or  the  vernal  equinox,  are  continu- 
ally increadng. 

From  this  ..aufe  it  is,  that  the  condellatious  feem  all 
to  have  changed  the  places  affigned  to  them  by  the  an- 
cient adronomers.  In  the  time  of  Hipparchus,  and  the 
olded  adronomers,  the  equinodlial  points  w^ere  fixed  to 
the  fird  dars  of  Aries  and  Libra  : but  the  dgns  do  not 
now  anfvver  to  the  fame  points  ; and  the  dars  whicl^ 
were  then  in  conjundtion  with  the  fun  when  be  was  in 
the  equinox,  are  now  a whole  fign,  or  30  degrees,  to 
the  eadward  of  it:  fo,  the  fird  dar  of  Aries  is  now  in 
the  portion  of  the  ecliptic,  called  Taurus  ; and  the  dars 
of  Taurus  are  now  In  Gemini  ; and  thofe  of  Gemini  in 
Cancer  ; and  fo  on.  ^ 

This  feeming  change  of  place  in  the  dars  was  fird 
obferved  by  Hipparchus  of  Rhodes,  who,  128  years 
before  Cbrid,  found  that  the  longitudes  of  the  dars  in 
his  time  were  greater  than  they  had  been  before  obferved 
by  Tymochares,  and  than  they  were  in  the  fphere  of  Eu- 
doxus, who  wrote  380  years  before  Chrill.  Ptolomy 
alfo  perceived  the  gradual  change  in  the  longitudes  of 
the  dars  ; but  he  dated  the  quantity  at  too  little,  making  ; 
it  but  x”in  100  years,  which  is  at  the  rate  of  only  36''' 
per  year.  Y-hang,  a Chlnefe,  in  the  year  721,  dated  i 
the  quantity  of  this  change  at  1°  in  83  years,  which  is  I 
at  the  rate  of  43^^ f per  year.  Other  more  modern  ai-  li 
tronomers  have  made  this  preceffion  dill  more,  but  with  i'i 
fome  fmall  differences  from  each  other ; and  it  is  now  1 
ufually  taken  at  per  year.  All  thefe  rates  are  de- 
duced from  a comparifon  of  the  longitude  of  certain  ,j 

dars  as  obferved  by  more  ancient  adronomers,  with  the  ! 

later  ohfcrvatlons  of  the  fame  dars  ; viz,  by  fuhtradling  j 

the  former  from  the  latter,  and  dividing  the  remainder  i 

by  the  number  of  years  in  the  interval  between  the  •: 

dates  of  the  obfervations.  Thus,  by  a rnedium  of  a i 

great  number  of  comparlfons,  the  quantity  of  the  an-  ‘ 

nual  change  has  been  fixed  at  according  to  which  ’ 

rate  it  will  require  25791  yeays  for  the  equinoxes  to  : 
make  their  revolution  wedward  quite  arovmd  the  circle, 
and  return  to  the  faine'pouit  again*  ^ 

Thus  f 
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Thus,  by  taking  the  longitudes  of  tbe  principal  flars 
eilabliihed  by  Tycho  Brahe,  in  his  book  Aftronomi^ 
Inftauratse  Progymnaimata,  pa.  208  and  232,  for  the 
beginning  of  1586,  and  comparing  them  with  the 
fame  as  determined  for  the  year  1750,  by  M.  dc  la 
Caille,  for  that  interval  of  164  years,  there  will  be  ob- 
tained the  following  differences  of  longitude  of  feveral 
ftars  viz-, 


y Arietis  ' 
Aldebaran 
(M.  Geminorum 
0,  Geminorum 
Regulus 
ou  VIrginis 
a Aquilae 
a Pegafi, 

^ Libras 
Antares 

6 Tauri 

y,  Geminorum, 

7 Cancri 
7 Leonis 

y CapricornI 

Medium  of  thefe  1 5 liars 


- 

2° 

17' 

37 

- 

2 

17 

45 

- 

2 

^7 

r 

- 

2 

26 

- 

2 

16 

32 

2 

1.8 

1 8-, 

- 

2 

19 

I 

- 

2 

16 

12 

-- 

2 

52 

16 

28- 

- 

2 

17 

58 

2. 

18 

38 

2 

19 

I 2 

- 

2 

19 

38 

*•-  . 

2 

16 

:o 

« , 

2 

17 

03 

which  divided  by  1^4,  the  interval  of  years,  frives 
^or  nearly  50'/ f,  or  after  the  rate  of 
23'  in  100  years,  or  25,748  years  for  the 

whole  revolution,  or  circle  of  360  degrees.  And  nearly 
the  fame  conclufion  relults  from  the  longitudes  of  the 
liars  in  the  Britannic  catalogue,  compared  with  thofe 
of  the  Hill  later  catalogues.  Bee  De  la  Lande’s  Affro- 
nomie,  in  feveral  places. 

The  Ancients,  and  even  fome  of  the  Moderns,  have 
taken  the  equinoxes  to  be  immoveable  ; and  afcribed 
that  change  in  the  dillance  of  the  liars  from  it,  to  a real 
motion  of  the  orb  of  tlie  fixed  liars,  which  they  fup- 
pofed  had  a flow  revolution  about  the  polesofthe  eclip- 
tic fo  as  that  all  the  ftars  perform  their  circuits  in 
the  ecliptic,  or  its  parallels,  in  the  fpace  of  2.5,791 
years  ; after  which  they  fliould  all  return  again  to  their 
former  places. 

This  period  the  Ancients  called  the  Platonic,  or 
great  year  ; and  imagined  that  at  its  completion  every 
thing  would  begin  as  at  Hrfl,  and  all  things  come  round 
in  the  lame  order  as  they  have  done  before. 

The  phenomena  of  this  retrograde  motion  of  t;ie 
equinoxes,  or  interfedlons  of  the  equinocliai  with  the 
e-clipdc,  and  confequently  of  the  conical  motion  of  the 
earth’s  axis,  by  wTich  tbe  pole  of  the  equator  deferibts 
a fmall  circle,  in  the  fame  period  of  time,  may  be  under- 
Hood  and  illuftrated  by  a fcheme,  as  follows  : Let 
NZSVLbethe  earth,  SONA  its  axis  produced  to  the 
itarry  heavens,  and  terminating  in  A,  the  prefent  north 
pole  of  the  heavens,  which  Is  vertical  to  N,  the  north 
pole  of  the  earth.  Let  EOQJ,e  the  equator,  TsZ 
the  tropic  of  cancer,  and  VTV5’  the  tropic  of  caprl- 
corn  ; VOZ  the  ecliptic,  and  BO  its  axis,  both  of 
which  are  immoveable  among  the  ftars.  But  as  the 
eqmnoaial  points  recede Jn.  the  ecliptic,  the  earth’s 
V,OL,  IL 


axis  SON  is  in  motion  upon  the  earth’s  centre  O,  m 
fuch  a manner  as  to  deferibe  the  double  cone  NO» 


and  SOr,  round  the  axis  of  the  ecliptic  BO,  in  the  time 
that  the  equinoaial  points  move  loiind  the  ecliptic, 
which  is  25,791  years  ; and  In  that  length  of  time,  the 
north  pole  of  the  earth’s  axis,  produced,.,  deferibes  the  - 
circle  ABCDA  in  the  ftarry  heavens,  round  the  pole  of 
the  ecliptic,  which  keeps  immoveable  in  the  centre  ot 
that  circle.  The  earth’s  axis  being  now  23°  28^  In-, 
dined  to  the  axis  of  the  ecliptic,  the  circle  ABCDA, 
defci ibed  by  the  nortli  pole  of  the  earth’s  axis  produced 
to  A,  IS  46°  56Mn  diameter,  or  double  the  inclination, 
of  the  earth’s  axis.  In  confequence  of  thls^  the  point  Ay 
which  is  at  prelent  the  north  pole  of  the  heavens,  and 
nem-  to  a liar  of  the  2d  magnitude  in  the  end  of  the 
Little  Bear’s  tail,  mull  be  deferted  by  the  earth’s  axis; 
wliich  moving  backwards  i degree  every  yiy,  years' 
nearly,  w'ill  be  diteded  towards  the  liar  or  point  B in 
^■4-47 T } eai s hence  ; ftnd  in  double  of  that  time,  or. 
12,895!  years,  it  will  be  direded  towards  the  liar  or. 
point  C ; which  will  then  be  the  north  pole  of  the 
heavens,  although  it  is  at  prefent  8-/.  degrees  fouth  of 
the  zxmich  of  London  L.  T.  he  prelent  pohtion  of  the 
equator  EOQ__will  then  be  changed  into  rOq,  the  tro- 
pic of  cancer  To^Z  into  V/©,  and  the  tropic  of  ca- 
pi iGorn  V TV|5’  into  /^/^Z  j is  evident  by  the  figure. 
And  the  fun,  .in  the  lame  part  of  the  heavens. where  he 
is  now  over  the  earthly  tropic  of  capricorn,  and  makes , 
the  fliortefl  da^s  and  longefl  nights  in  the  northern  he- 
mirphere,  will  then  be  over  the  earthly  tropic  of  cancer, 
and  make  the  dayslongell  and  nights  ihortell.  So  that  it 
will  require  12,8951  years  yet  more,  or  from  that  time, 
to  bring  the  north  pole  N quite  round,  fo  as  to  be  di- 
reded  toward  that  point  of  the  lieavens  which  is  ver- 
tical to  it  at  prefent.  And  then,  and  not  till  then,  the 
fume  ftars  which  at  prefent  defci  ibe  the  eejuator,  tropics, 
and  polar  circles,  ccc,  by  the.  earthy  diurnal  motion^* 
will  deferibe  them  over  again,.  ' ’ 

From,  this  fhifting  of  the  eqmnodial  points,  andi 
with  them  all  the  figns  of  the  ecliptic,  it  follows,  tha^ 
thofe  ftars  which  in  the  Infancy  of  aftronomy  were  In’ 
Aries,  are  now  found  in  Taurus  ; thofe,  of  Taurus  in 
Gemini,  &c.  Hence  likewife  it  is,  that  the  ftars 
which  rofe  or  fet  at  any  particular  feafon  of  the  year 
in  the  times  of  Heliod,  Eudoxus,,  Virgil,  Pliny, 
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by  no  means  anfwer  at  this  time  to  their  dcfcrlp- 
tions. 

As  to  the  phyfical  caufe  of  the  PrecefTion  of  the 
equinoxes,  Sir  Ifaac  Newton  demonftrates,  tliat  it  ariies 
from  tlie  broad  or  fiat  fpheroidal  figure  of  the  earth  ; 
which  itielf  arifes  from  the  earth’s  rotation  about  its 
axis  ; for  as  more  matter  has  thus  been  accumulated  all 
round  the  equatorial  parts  than  any  where  clfe  on  the 
earth,  the  fun  and  moon,  when  on  either  fide  of  the 
equator,  by  attracting  this  redundant  manner,  bring 
the  equator  fooner  under  them,  in  every  return  to- 
wards it,  than  if  there  was  no  fuch  accumulation. 

Sir  Ifaac  Newton,  in  determining  the  quantity  of  the 
annual  Preceffion  from  the  theory  of  gravity,  on  fup- 
pofition  that  the  equatorial  diameter  of  the  earth  Is  to 
the  polar  diameter,  as  230  to  229,  finds  the  fun’s  ac- 
tion fuflicient  to  produce  a Preceffion  of  only  ; and 
coliefling  from  the  tides  the  proportion  between  the 
lim’s  force  and  the  moon’s  to  be  as  i to  4-,  he  fettles 
the  mean  Preceffion  refulting  from  their  joint  actions, 
at  ^o"  ; which,  it  mull  be  owned,  is  nearly  the  fame 
as  it  has  fince  been  found  by  the  bell  obfervations  ; and 
yet  feveral  other  mathematicians  have  fince  objetled  to 
the  truth  of  Sir  Ifaac  Newton’s  computation. 

Indeed,  to  determine  the  quantity  of  the  Preceffion 
arifing  from  the  aflion  of  the  fun,  is  a problem  that 
has  been  much  agitated  among  modern  mathemati- 
cians ; and  although  they  feem  to  agree  as  to  Newton’s 
miftake  in  the  folution  of  it,  they  have  yet  generally 
difagreed  from  one  another.  M.  D’Alembert,  in  1749? 
printed  a treatife  on  this  fubjefl,  and  claims  the  honour 
of  having  been  the  firft  who  rightly  determined  the  me- 
thod of  refolving  problems  of  this  kind.  The  fubjefl 
has  been  alfo  confidered  by  Euler,  Frifius,  Silvabelle, 
Walmefley,  SImpfon,  Eraetfon,  La  Place,  La  Grange, 
Landen,  Milner,  and  Vince. 

M.  Silvabelle,  ftating  the  ratio  of  the  earth’s  axis 
to  be  that  of  178  to  177,  makes 

the  annual  Preceffion  caufed  by  the  fun  13'''  52'''', 

and  that  of  the  moon  - - 34  17  ; 

making  the  ratio  of  the  lunar  force  to  the  folar,  to  be 
that  of  3 to  2 ; alfo  the  nutation  of  the  earth’s  axis 
caufed  by  the  moon,  during  the  time  of  a femirevolu- 
tion  of  the  pole  of  the  moon’s  orbit,  i.  e.  in  9!  years,  he 
makes  5 — M.  Walmefley,  on  the  fuppofition 
that  the  ratio  of  the  earth’s  diameters  is  that  of  230  to 
229,  and  the  obliquity  of  the  ecliptic  to  the  equator 
23°  28'  30^^?  makes  the  annual  Preceffion,  owing  to  the 
fun’s  force,  equal  to  10/^*583  ; but  fuppoling  the  ratio 
of  the  diameters  to  be  that  of  178  to  177,  that  Precef- 
fion will  be  I3''''675. — Mr.  Simpfon,  by  a different  me- 
thod of  calculation,  determines  the  whole  annual  pre- 
ceffion of  the  equinoxes  caufed  by  the  fun,  at  2 i"  ; 
and  he  has  pointed  out  the  errors  of  the  computations 
propefed  by  M.  Silvabelle  and  M.  Walmefley. — Mr. 
Milner’s  deduction  agrees  with  that  of  Mr.  Simp- 
fon, as  well  as  Mr.  Vince’s ; and  their  papers  con- 
tain befldcs  feveral  curious  particulars  relative  to  this 
fubjedl.  But  for  the  various  principles  and  reafonings 
of  thefe  mathematicians,  fee  Philof.  Tranf.  vol.  48, 
pa.  385  ; vol.  49,  pa.  704;  vol.  69,  pa.  505'  ; and 
vol.  77.  pa.  363  ; as  alfo  the  writings  of  SimpfoUj  Emer- 


fon,  Ijanden,  Sec;  alfo  De  la  Lande’s  Aflronomie,  and 
the  Memoirs  of  the  Acad.  Sci.  in  feveral  places. 

As  to  the  effedl  of  the  planets  upon  the  equinodlial 
points,  M.  De  la  Place,  in  his  new  refearches  on  this 
article,  finds  that  their  adlion  caufes  thofe  points  to  ad- 
vance by  o"'ZQi6  in  a year,  along  the  equator,  or 
o"'*i849  along  the  ecliptic;  from  whence  it  follows 
that  tlie  quantity  of  the  limi-folar  Preceffion  mull  be. 
50^^'4349,  fince  the  total  obferved  Preceffion  is  50''''!,  or 
5o"-2s. 

Jind  the  Precejfion  in  rigl4  ajcenjlon  and  decTinaiion* 

Put  d — the  declination  of  a flar, 

and  a — Its  right  afeenfion  ; 

then  their  annual  variations  of  Preceffions  will  be  nearly 
as  follow : 

viz,  2o''''o84  X cof.  a ~ the  annual  precef.  in  declinat. 
and  46 '''•06 19  + 20^''*o84  x fin.  a X tang,  d — that 
of  right  afeenfion.  See  the  Connolffance  des  Temps 
for  1792,  pa.  206,  &c. 

PRESvS,  in  Mechanics,  is  a machine  made  of  iron  or 
wood,  ferving  to  comprefs  or  fqueeze  any  body  very 
clofe,  by  means  of  ferews. 

The  common  Prefies  confift  of  fix  members,  or  pieces  ; 
viz,  two  flat  and  fmooth  planks  ; between  which  the 
things  to  be  preffed  are  laid  ; two  ferews,  or  worms, 
faftened  to  the  lower  plank,  and  paffing  through  two 
holes  in  the  upper  ; and  two  nuts,  ferving  to  drive  the 
upper  plank,  which  is  moveable,  againll  the  lower, 
which  is  liable,  and  without  motion. 

PRESSION.  See  Pressure. 

PRESSURE,  Is  properly  the  adlion  of  a body 
which  makes  a continual  effort  or  endeavour  to  move 
another  ; fuch  as  the  adlion  of  a heavy  body  fupported 
by  a horizontal  table  ; In  contradiflindlion  from  per- 
cuffion,  or  a momentary  force  or  adllon.  PrefTure 
equally  refpecls  both  bodies,  that  which  prelfes,  and 
that  which  is  preffed ; from  the  mutual  equality  of  ac- 
tion and  readlion. 

Preffure,  in  the  Cartefian  Philofophy,  is  an  impulflve 
kind  of  motion,  or  rather  an  endeavour  to  move,  im- 
preffed  on  a fluid  medium,  and  propagated  through  it. 

In  fuch  a preffure  the  Carteflans  fuppofe  the  adllon  of 
light  to  confift.  And  In  the  various  modifications  of 
this  Preffure,  by  the  furfaces  of  bodies,  on  which  that 
medium  preffes,  they  fuppofe  the  various  colours  to  con-  , 
fill,  &c.  But  Newton  (hews,  that  if  light  confifled'  1. 
only  in  a Preffure,  propagated  without  adlual  motion, 
it  could  not  agitate  and  warm  fuch  bodies  as  refle6l  and  1!' 
refraft  It,  as  we  adlually  find  It  does  ; and  if  it  confilled  bl 
in  an  inftantaneous  motion,  or  one  propagated  to  all  1 
diftances  in  an  inffant,  as  fuch  Preffure  fuppofes,  there 
would  be  required  an  infinite  force  to  produce  that  ,I 
motion  every  moment,  In  every  lucid  particle.  Farther,  1 
if  light  conlifled  either  in  Preffure,  or  in  motion  pro- 
pagated in  a fluid  medium,  whether  inftantaneoufly,  or  1 
in  time,  it  mull  follow,  that  it  would  infle6l  itielf  ad  1 
iirnbram  ; for  Preffure,  or  motion,  in  a fluid  medium,  \ 
cannot  be  propagated  in  right  lines,  beyond  any  obftacle  ! 
which  lhall  hinder  any  part  of  the  motion  ; but  will  in-  • 
fleft  and  diifufe  itfelf,  every  way,  Into  thole  parts  of  the  ! 
quleicent  medium  which  lie  beyond  the  laid  obftacle. 

Thus  i 
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Thus  tlie  force  of  gravity  tends  downward  ; but  tlie 
Preffure  which  arifes  from  that  force  of  gravity,  tends 
every  way  with  an  equable  force ; and,  with  equal 
eafe  and  force,  Is  propagated  in  crooked  lines,  as  In 
flraight  ones.  Waves  on  the  furface  of  water,  while 
they  Hide  by  the  fides  of  any  large  obllacle,  do  infledf, 
dilate,  and  diffufe  themfelves  gradually  into  the  qiilef- 
cent  water  lying  beyond  tlie  obllacle.  The  waves, 
pulfes,  or  vibrations  of  the  air,  in  which  founds  confiH, 
do  manifellly  infledl  themfelves,  though  not  fo  much  as 
the  waves  of  water  ; for  the  found  of  a bell,  or  of  a can- 
non, can  be  heard  over  a hill,  which  Intercepts  the  fono- 
rous  objedl  from  our  fight  ; and  founds  are  propagated  as 
eafily  through  crooked  tubes,  as  through  flraight  ones. 
But  light  is  never  obferved  to  go  In  curved  lines,  nor  to 
infleft  itfelf  ad  umhram  ; for  the  fixed  liars  do  imme- 
diately difappear  on  the  interpolition  of  any  of  the  pla- 
nets; as  well  as  fome  parts  of  the  fun’s  body,  by  the 
interpofitlon  of  the  Moon,  or  Venus,  or  hicreury. 

Pressi  re  of  Air,  IVater,  See  Air,  Water, 

&c. 

The  effedts  anciently  aferibed  to  the  fnga  vacui,  are 
now  accounted  for  from  the  weight  and  Preffure  of  tlic 
air. 

The  Preffure  of  the  air  on  the  furface  of  the  earth,  is 


balanced  by  a column  of  water  of  the  fame  bale,  and 
about  34  feet  high  ; or  of  one  of  Mercury  of  near  30 
inches  high  ; and  upon  every  fquare  inch  a.t  the  earth’s 
furface,  that  Prelfure  amounts  to  about  14I  pounds 
avoirdupois.  The  elalllcity  of  the  air  Is  equal  to  that 
Prelfure,  and  by  means  of  that  Prelfure,  or  elahicitys 
the  air  would  rufh  Into  a vacuum  with  a velocity  of 
about  1370  feet  per  fecond.  At  different  heights  above 
the  earth’s  furface,  the  Prelfure  of  the  air  is  as  its  den- 
fity  and  elaflicity,  and  each  decrcafes  in  fuch  fort,  that 
when  the  heights  above  the  furface  increafe  in  arithme- 
tical progreffion,  the  Preffure  3cc  decreafe  in  geometri- 
cal progrelfion  : and  hence  if  the 
axis  BC  of  a losrarithmic  curve  AD 
be  erected  perpendicular  to  the  ho- 
rizon, and  if  the  ordinate  A B de- 
note the  Preffure,  or  elaflicity,  or 
denfity  of  the  air,  at  the  earth’a 
furface,  then  will  any  other  abfeife 

KF  1 

( denote  the  Preffure  ^vC 

IK  j 

The  Prelfure  of  water,  as  this 
fluid  is  every  where  of  the  fame 
denfity,  is  as  its  depth  at  any 
place,  and  in  ail  diredlions  the 
fame  ; and  upon  a fquare  foot  of 
furface,  every  foot  in  height 

prefl’es  with  the  force  of  a weight  of  lOGO  ounces  or 
62  ^Ibs  avoirdupois*  And  hence,  ifAB  be  the  depth 


of  water  in  any  vefTel,  and  BE  denote  its  Pi  efliire  at 
the  depth  B;  by  joining  AE  and  drawing  any  other 
ordinates  FG,  HI ; then  (hall  thefe  ordinates  FG,  HI, 
&c,  denote  the  Preffure  at  the  correfpondlng  depths 
AG,  AI,  &c  ; alfo  the  area  of  the  triangle  ABE  will 
denote  the  whole  Preffure  againll  the  whole  upright 
fide  AB,  and  which  therefore  is  but  half  the  Pi elTure  on 
the  bottom  of  the  fame  area  as  the  fide.  Moreover,  it 
a hole  were  opened  in  the  bottom  or  fide  of  the  veflel  at 
B,  the  water,  from  the  Preffure  of  the  fuperincumbent 
fluid,  would  ilTue  out  with  the  velocity  of  8>^/AB  feet 
per  fecond  nearly  ; AB  being  ellimated  In  feet. 

Centre  essure,  in  Hydroflatics,  is  that  point  of 

any  plane,  to  which,  if  the  total  Preffure  were  applied, 
its  effedt  upon  the  plane  would  be  the  fame  as  when  it 
was  diflributed  unequally  over  the  whole  ; or  it  is  tfiat 
point  in  which  the  whole  Preffure  may  be  conceived  to 
be  united  ; or  it  is  that  point  to  which.  If  a force  were 
applied  equal  to  the  total  Preffure,  but  witli  an  oppofite 
diredlion,  it  would  exactly  balance,  or  relirain  the  ef- 
fect of  the  Preffure,  fo  that  the  body  preffed  on  will  not 
incline  to  either  fide.  Thus,  if  xABCD  (2d  fig.  above)  be 
a veflel  of  water,  and  the  fide  BC  be  preffed  upon  with  a 
force  equivalent  to  20  pounds  of  water,  this  force  is  un- 
equally diflributed  over  BC,  for  the  parts  near  B are  lefs 
preffed  than  thofe  near  C,  which  are  at  a greater  depth  ; 
and  therefore  the  efforts  of  all  the  particular  Preffures 
are  united  in  fome  point  E,  which  is  nearer  to  C than 
to  B ; and  that  point  E is  called  the  centre  of  Preffure  : 
if  to  that  point  a force  equivalent  to  20  pounds  weight 
be  applied,  It  will  afl'edl  the  plane  BC  in  the  fame  man- 
ner as  by  the  Preffure  of  the  water  diflributed  unequally 
over  the  wliole  ; and  if  to  the  lame  point  the  fame  force 
be  applied  in  a contrary  dire^Ion  to  that  of  the  Pief- 
fure  of  the  water,  the  force  and  the  PreiTure  will  ba- 
lance each  other,  and  by  oppofite  endeavours  defiroy 
each  other’s  effecls.  Suppoling  a cord  EFG  fixed  at  E, 
and  pafiing  over  the  pulley  P",  has  a weight  of  20 
pounds  annexed  to  it,  and  that  the  part  of  the  cord  FE 
is  perpendicular  to  BC  ; then  the  effort  of  the  weiglit 
G is  equal,  and  Its  direebion  contrary,  to  that  of  the 
Freffure  of  tlie  water.  Now  if  E be  the  centre  ofPrei- 
furc,  thefe  two  powers  will*  be  in  equihbrio, . and  mu- 
tually defeat  each  other’s  endeavours. 

Thispd-hitE,  or  tlie  centre  of  Preffure,  is  the. fame 
with  the  centre  of  percufhon  of  the  plane  EC,  the  point 
of  fufpenfion  being  B,  the  furface  of  the  water.  And 
if  the  plane  he  oblique,  the  cafe  is  Hill  the  fame,  taking 
for  the  axis  of  fufpenlion,  the  interfedlion  of  that  plane 
and  the  furface  of  the  ffuld,  both  produced  if  neceffa- 
ry.  See  Cotes’s*  Ledlures,  pa.  40,. &c. 

The  centre  of  Preilure  upon  a plane  parallel  to  the 
horizon,  or  upon  an}'-  plane  where  the  Preffure  is  uni- 
form, is  the  fame  a.sthe  centre  of  gravity  of  that  plane. 
For  the  Preffure  acls  upon  every  part  in  the  fame  man- 
ner as  gravity  does, 

PRIMARY  Planets,  are  thofe  which  revolve  round 
the  fun  as  a centre.  Such  ai-e  the  planets  Mercury,  Ve- 
nus, Terra  the  Earth,  Mars,  Jupiter,  Saturn,  and 
Herfchtl,  and  p.erhaps  others.  They  are  thus  called,  in 
contiadlftindllon  from  the  fecondary  planets,  or  fatellites, 
which  revolve  about  their  refpedtive  Primaries.  See 
Planet. 

N u a PRIMES^ 


P R I [ 276  ] P R I 


PRIMEb,  denote  the  firft  divifions  into  which  fome 
whole  or  integer  is  divided.  As,  a minute,  or  Prime  . 
minute,  the  60th  part  of  a degree  ; or  the  firfl  place  of 
decimals,  being  the  loth  parts  of  units  ; or  the  firlt  di- 
yifion  of  inches  in  duodecimals,  being  the  12th  parts  of 
inches ; &c. 

Prime  'Numbers^  are  thofe  which  can  only  be  mea- 
fured  by  unity,  or  exadily  divided  without  a leraainder, 

1 being  the  only  aliquot  part : as  2,  3?  5,  7,  1 1,  1 3,  i 7, 


&c.  And  they  are  otherwife  called  Simple,  or  Incom- 
pofite  numbers.  No  even  number  is  a Prime,  becaufe 
every  even  number  is  divifibie  by  2.  No  number  that 
ends  with  o or  3 is  a Prime,  the  former  being  divifibie 
by  10,  and  the  latter  by  5.  The  following  Table  con- 
tains all  the  Prime  numbers,  and  all  the  odd  compofite 
numbers,  under  10,000,  with  the  leaft  Prime  divifors  of 
thefe ; the  defeription,  nature,  and  ufe  of  which,  fee 
immediately  following  the  Table. 


A Table  of  Prune  and  Comprfite  Odd  Numbers,  under  10,000. 


C 

I 

2 

3 

4 

S 

6 

7 

b 

9 

lOj  I i 

I 2 

^3 

H 

^5 

16 

17 

18 

19 

20 

2 1 

2 2 

23 

24 

25 

26 

27 

128 

29 

30 

31 

3 = 133 

01 

3 

r 

/ 

3 

3 

17 

” r< 

1 

3 

3 

^9 

01 

3 

3 

r I 

3J 

3 

7 

41 

3 

37 

3 

7 

3 

03 

7 

3 

13 

:> 

J9 

II 

3 

17 

3 

23 

3 

h* 

/ 

c»3 

^3 

3 

{ I 

3 

r“- 

/ 

19 

3 

3 

29 

3 

07 

3 

I j 

3 

7 

3 

'9 

3 

17 

3 

1 1 

07 

0 

D 

^3 

3 

7 

3 

2C 

y 

23 

3 

7 

3 

31 

13 

3 

09 

3 

1 1 

3 

3 

3 

3 

7 

3 

09 

3 

23 

7 

3 

47 

-3 

T3 

3 

53 

3 

3 

I J 

3 

3 

n 

/ 

13 

3 

1 

3 

1 1 

r* 

i 

3 

17 

3 

1 1 

29 

3 

3 

3 

3 

41 

J 

' 3 

13 

7 

3 

7 

3 

23 

3 

1 1 

3 

3 

'7 

13 

3 

/ 

0 

a 

3 

‘9 

7 

a 

29 

3 

23 

1 1 

3 

J? 

3 

7 

3 

[ I 

'*> 

19 

r- 

/ 

3 

3 

37 

3 

17 

*7 

23 

3 

29 

3 

7 

3 

1 1 

3 

7 

3 

31 

19 

7 

3 

1 1 

D 

1 ^ 

3 

23 

3 

7 

19 

17 

19 

3 

7 

3 

4^ 

1 1 

3 

3 

2 I 

3 

1 1 

‘3 

3 

3 

7 

3 

19 

3 

/ 

21 

'7 

43 

3 

I ( 

2 

3 

7 

23 

S 

3 

23 

3 

17 

3 

7 

3 

f3 

3 

3 

3 

23 

3 

r~ 

1 1 

3 

23 

3 

43 

7 

3 

37 

3 

1 1 

- 7 

3 

r\ 

0 

7 

17 

3 

3 

13 

7 

3 

3 

27 

II 

3 

41 

.'1 

a 

17 

‘3 

3 

7 

37 

3 

1 1 

3 

53 

7 

3 

29 

3 

7 

3 

23 

17 

3 

3 

3 

1 1 

3 

29 

7 

3* 

n 

D 

3 

17 

/ 

3 

1 1 

.3 

29 

13 

3 

— - 

— 

— 

— 

— 

— 

— 

— 

_ 

3’ 

3 

3 

17 

3 

/ 

3 

1 1 

3 

'T 

/ 

31 

3 

3 

23 

3 

1 1 

a 

^9 

3 

7 

31 

a 

33 

1 ^ 

7 

3 

‘3 

3 

7 

3 

1 1 

3 

31 

3 

23 

33 

3 

19 

0 

7 

n 

A 

17 

3 

7 

3 

13 

53 

3 

37 

3 

T 

3 

7 

1 1 

3 

17 

3 

/ 

3 

29 

I 

^ I 

37 

, 3 

1 1 

rS 

D 

3 

43 

3 

7 

3 

3 

47 

39 

3 

3 

7 

3 

3 

17 

3 

13 

3 

39 

37 

3 

7 

;) 

n 

-S 

/ 

3 

17 

3 

43 

41 

4^ 

3 

1 1 

3 

3 

29 

3 

17 

3 

1 1 

23 

3 

41 

7 

13 

3 

3 

ro 

y 

3 

^7 

3 

7 

13 

43 

1 1 

3 

7 

Q 

3 

23 

t- 

J 

3 

1 1 

17 

3 

31 

43 

3 

19 

29 

3 

3 

r ■' 

/ 

3 

»3 

3 

17 

7 

3 

47 

3 

3 

5 

7 

3 

31 

29 

3 

7 

3 

47 

3. 

23. 

19 

3 

3 

41 

3 

7 

1 1 

3 

17 

49 

7 

3 

3 

II 

/ 

3 

13 

3 

19 

3 

17 

4 

49 

3 

43 

a 

I 

13 

3 

31 

a 

y 

3 

47 

3 

17 

31 

3 

3 

II 

^9 

3 

23 

3 

3 

7 

3 

P3 

51 

17 

3 

r- 

/ 

3 

3 

1 1 

3 

13 

3 

23 

3 

33 

3 

1 1 

3 

7 

3 

3 

7 

3 

3 

73 

17 

3 

3 

I ^ 

1 1 

3 

7 

3 

43 

n 

a 

/ 

57 

3 

3 

3 

3 

t 

P3 

3 

23 

31 

3 

57 

7 

3 

19 

I I 

3 

37 

3 

3 

3 

7 

3 

59 

' 

3 

/ 

3 

13 

3 

7 

3 

19 

3 

3 

S9 

1 1 

0 

a 

29 

17 

3 

7 

0 

a 

31 

1 1 

7 

3 

61 

7 

3 

19 

3 

3 

31 

3 

13 

3 

/ 

1 1 

61 

3 

37 

3 

7 

3 

23 

13 

3 

1 1 

3 

29 

3 

63 

3 

3 

7 

3' 

3 

29 

7 

3 

^3 

41 

3 

13 

« 

3 

3‘ 

17 

3 

1 1 

a 

7 

3 

13 

67 

n 

3 

23 

^3 

3 

I I 

3 

7 

.3 

67 

3 

7 

3 

1 1 

3 

17 

3 

47 

3 

3 

7 

69 

3 

^3 

3 

7 

3 

1 1 

3 

7 

3 

37 

13 

3 

69 

29 

3 

II 

3 

23 

n 

J 

7 

N 

3 

•9 

3 

y 

3 

71 

3 

7 

3 

1 1 

3 

13 

3 

3^ 

3 

3 

-71 

r' 

/ 

0 

a 

^9 

^3 

3 

7 

3 

17 

3 

37 

3 

73 

3' 

1 1 

3' 

3 

7 

-9 

3 

3 

1 1 

7 

73 

3 

3 

41 

3 

3 

47 

; 

7 

3 

77 

7, 

3 

13 

3 

3 

3 

1 1 

3 

7 

19 

3 

77 

5 

31 

7 

3 

3 

3 

13 

^7 

3 

29 

[ I 

79 

3 

3 

7 

19 

3 

1 1 

^3 

3 

7 

3 

23 

79 

3 

3 

43 

3 

37 

3 

/ 

3 

1 1 

3 

31 

81 

3 

3 

13. 

7 

I f 

3 

23 

3 

/** 

0 

4^ 

81 

13 

3 

7 

3 

3 

29 

7 

3 

43 

[ I 

3 

17 

3 

83 

3 

3 

1 1 

3 

3 

7 

3 

3 

S3 

7 

3 

37 

3 

^3 

3 

1 1 

3 

19 

<} 

a 

7 

17 

87 

0 

2 

1 1 

7 

3 

3 

3 

3 

19 

7 

3 

3 

7 

3 

a 

29 

3 

19 

3 

89 

3 

17 

3 

19 

^3 

3 

7 

23 

3 

29 

3 

7 

3 

89 

3 



1 1 

3 

‘9 

3 

3 

7 

3 

1 1 

91 

7 

3 

3 

7 

3 

- ■ 

13 

3 

37 

19 

9' 

3 

3' 

1 

II! 

1 

3; 

7 

29 

3 

47 

3 

/ 

a 

1 1 

3 

93 

3 

3 

‘7 

3 

13 

^9 

3 

3 

7 

i 

93 

1 1 

3 

7| 

3 

3 

3 

1 1 

3 

31 

37 

3 

97 

3 

7 

3 

^7 

3 

3 

1 1 

3 

97 

a 

7 

3 

13 

3 

1 1 

/ 

3 

- 

3 

19 

23 

3 

43 

99 

! 

i 

3 

13 

3 

17 

29 

3 

/ 

! 1 

3 

99 

7 

3 

1 

3 

1 1 

3 

23 

3 

13 

3 

7 

3 

^ .A. 


P R I [ 277  1 - I'*  I 


1 


P R I 


P R I 


[ ^8o  3 


H'.fnt,  bis  text-book  was  PufFeadovfF  de  OJficto  Hominif 
et  C:nju  ; agreeably  to  the  method  he  purfued  through 
life,  of  making  fadl  and  experiment  the  bafis  of 
feience. 

Dr.  Pringle  continued  in  the  pradflce  of  Pliyfic  at 
Edinburgh,  and  in  duly  performing  the  office  of  pro- 
felTor,  till  1742,  when  he  was  appointed  phyheian  to  the 
eai'l  of  Stair,  who  then  commanded  the  Eritifh  army. 
By  the  intereft  of  this  nobleman,  Dr.  Pringle  was  con- 
flituted,  the  fame  year,  phyficlan  to  the  military  hofpi- 
tal  in  Flanders,  with  a falary  of  20  fliillings  a-day,  and 
the  right  to  half  pay  for  life.  On  this  occafion  he  was 
permitted  to  retain  his  profclTorfliip  of  moral  philofo- 
phy;  two  gentlemen,  MefTrs.  Muirhead  and  Cleghorn 
teaching  in  his  abfence,  as  long  as  he  requefted  it.  The 
great  attention  which  Dr,  Pringle  paid  to  his  duty  as 
an  army  phyfician,  is  evident  from  every  page  of  his 
‘Treat'J'e  cn  ihe  Difeafes  of  ihe  Arniy^  in  the  execution 
of  which  office  he  was  fometimes  expofedto  very  immi- 
nent dangers.  Ide  foon  after  alfo  met  with  no  fmall 
affiiftion  in  the  retirement  of  his  great  friend  the  earl 
of  Stair,  from  the  army.  He  offered  to  refign  with  his 
Boble  patron,  but  was  not  permitted  : he  was  therefore 
obliged  to  content  himfelf  with  teflifying  his  refpedf: 
and  gratitude  to  him,  by  accompanying  the  earl  4a 
miles  on  his  return  to  Enrland  ; after  which  he  took 
leave  of  him  with  the  utmoil  regret. 

But  though  Dr.  Pritigle  was  thus  deprived  of  the  Im- 
inediate  protefllon  of  a nobleman  who  knew  and  ef- 
teemed  his  w'orth,  his  conduCh  in  the  duties  of  his  fta- 
tion  piGcured  him  effectual  fupport.  He  attended  the 
army  in  Flanders  through  the  campaign  of  1744,  and 
fo  powerfully  recommended  himfelf  to  the  duke  of  Cum- 
beiland,  that  in  the  fpring  following  he  had  a commif- 
fon,  appointing  him  phyfician-gencral  to  the  king’s 
forces  in  the  Low  Countries,  and  parts  beyond  the 
feas  ; and  on  the  next  day  he  received  a fecond  com- 
miffion  fi'om  the  duke,  conffituting him  phyhclan  to  the 
royal  hofpitals  in  thofe  countries.  In  confequence  of 
thefe  promotions,  he  the  fame  year  refigned  his  pro - 
fefforfliip  in  the  univerfity  of  Edinburgh. 

In  1 744  he  was  alfo  with  the  army  in  Flanders  ; but 
was  recalled  from  that  country  in  the  latter  end  of  the 
year,  to  attend  the  forces  which  were  to  be  fent  againfl 
the  rebels  in  Scotland.  At  this  time  be  had  tlic  honour 
of  being  chofen  F.  R.  S.  and  the  Society  had  good 
reafon  to  be  pleafed  with  the  addition  of  fuch  a member. 
In  the  beginning  of  1746,  Dr.  Pringle  accompanied, 
in  his  official  capacity,  the  duke  of  Cumberland  In  his 
expedition  againff  the  rebels  ; and  remained  with  the 
forces,  after  the  battle  of  Cullodcii,  till  their  return  to 
England  the  following  fiimmer.  In  1 747  and  1748,  he 
again  attended  the  army  abroad  ; but  in  the  autumn  of 
1748,  he  embarked  with  the  forces  for  England,. on  the 
figning  of  the  treaty  of  Aix-la-Chapelle. 

From  that  time  he  moilly  refided  In  London,  where, 
from  his  known  hdil  and  experience,  and  the  reputa- 
tion he  had  acquired,  he  might  reafonably  expeff.  to 
fucceed  as  a phyfician.  In  1749  he  was  appointed  phy- 
ficiaii  in  ordinary  to  the  duke  of  Cumberland.  And  in 
i7  !;o  he  publiffied,  in  a letter  to  Dr.  Mead,  Ohferva- 
iions  on  the  Gaol  or  Hojpital  Fever  : this  piece,  with, 
fome  alterations,  was  afterwards  included  in  his  grand 
work  on  the  1)  feafes  of  the  Army* 

9 


In  this,  and  the  two  following  years  Dr.  Pringle 
communicated  to  the  Royal  Society  his  celebrated  Ex- 
periments vpon  Septic  and  Antlfeptic  SulflanceSy  avith  Re- 
marks relating  to  their  Ufe  in  the  Fheory  of  Medicine ; 
fome  of  which  were  printed  in  theHTIlofophical  Tranf- 
adtions,  and  the  v/hole  were  fubjoined,  as  an  appendix, 
to  his  Obfervations  on  the.  jyifeafcs  of  the  Army*  Thofe 
experiments  procured  for  the  ingenious  author  the  ho- 
nour of  Sir  Godfrey  Copley’s  gold  medal;  befides gain- 
ing him  a high  and  juft  reputation  as  an  experimental 
philofopher.  He  gave  alfo  many  other  curious  papers  to 
the  Royal  Society : thus,  in  1753,  he  prefented,  An 
Account  of  feveral  Perfons  felled  av'ith  the  Gaol  Fever  by: 
working  in  Neavgate ; and  of  the  Manner  by  which  the 
Irfebiion  was  communicated  to  one  entire  Family;  in  the 
Philof.  T ranf.  voh  48.  His  next  communication  was, 
A remarkable  cafe  of  Fragility^  Flexibuity ^ and  FiffoM- 
tion  of  the  Banes  ; in  the  fame  voh — In  the  49th  volume, 
are  accounts  wlilch  he  gave  of  an  Earthquake  felt  at 
Bruffels  ; of  another  at  Glafgow  and  Dunbarton  ; and 
of  the  Agitation  of  the  Waters,  Nov.  i,  1756,  in  Scot-- 
land  and  at  Hamburgh. — The  50th  volume  contains 
his  Obfervations  on  the  Cafe  of  lord  Walpole,  of  Wool- 
let  ton  ; and  a Relation  of  the  Virtues  of  Soap,  in  DIf- 
folving  the  Stone. — The  next  volume  Is  enriched  with 
two  of  the  dodlor’s  articles,  of  confiderable  length,  as, 
well  as  value.  In  the  firft,  he  hath  colledled,  digefted, 
and  related,  the  different  accounts  that  had  been  given 
of  a very  extraordinary  Fiery  Meteor,  which  appeared 
the  26th  of  November  1,758  ; and  in  the  fecond  he  hath., 
made  a variety  of  remarks  upon  the  whole,  difplayliig 
great  degree  ol  philofophical  fagaerty. — Befides  his  com-.. 
munications  in  the  Philofophical  Tranfaflions,  he  gave,^ 
in  the  5th  volume  of  the  Edinburgh  Medical  Elfays,  an^ 
Account  of  the  Succefs  of  the  Fitrum  ceratum  Anti- 
mo  nil* 

In  1752,, Dr.  Pringle  married  Charlotte,  the  feconci* 
daughter  of  Dr.  Oliver,,  an  eminent  phyTicIan  at  Bath 
a connedion  which  how^everdid  not  iail  long,  the  lady 
dying  In  the  fpace  of  a few  years.  And  nearly  about- 
the  time  of  his  marriage,  he  gave  to  the  public  the  hrib, 
edition  of  his  Obfervations  on  the  Fifeafes  of  thh  Army ; : 
which  afterwards  went  through  many  editions- with  im-. 
provements,  was  tranllatcd  into  the  French,,  the  Ger- 
man, and  the  Italian  languages, , and  defervedly  gained  , 
the  author  the  higheff  credit  and  encomiums.  The  uti^, 
lity  of  this  w^ork  however  w^as  . of  ftlll  greater  importance 
than  its  reputation.  From  the  time  that  the  dodor  was- 
appointed  a phyfician  to  the  army,  it  feems  to  have  been 
his  grand  objt^d  to  leffen,  as  far  as  lay  in  his  power,  the 
calamities  of  war;  nor  was  he,  without  conffderable  fuccefs. 
in  his  noble  and, benevolent  defigii.  The  benefits  which 
may  be  derived  from  our  author’s  great  work,  are  not 
folely  confined  to  gentlemen  of  the  medical  profelTion, 
General  Melville,  a gentleman  who  unites  with  his  mi- 
litary abilities  the  fpirlt  of  phiiofophy,  and  the  feelings 
of  humanity,  was  enabled,  when  governor  of  the  Neu- 
tral Iflands,  to  be  fingulaily  ufeful,.  in  confequence  of 
the  inftrudtions  he  had  received  from  Dr.  Pringle’s 
book,  and  from  perfonal  converfation  with  him.  By 
taking  care  to  have  his  men  always  lodged  in- large,  open, 
and  airy  apartments,  and  by  never  letting  his  forces 
remain  long  enough  in  fwampy  places  to  be  injured  by, 
the  noxious  air  of  fuch  places,  the  gen.eral  was  thoj 
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fiappy  inRrument  of  faving  the  lives  of  feven  hundred 
foldiers. 

Thdugh  Dr.  Pringle  had  net  for  fome  years  been 
called  abroad,  he  ilill  held  his  place  of  phyficinn  to  the 
armv  ; and  in  the  war  that  began  in  175^)  he  attended 
the  camps  in  England  during  three  fealons.  In  1758, 
however,  he  entirely  quitted  the  fervice  of  the  army  ; 
and  being  now  determined  to  fix  wholly  in  London,  he 
Vi’fe  the  fame  year  admitted  a licentiate  of  the  college  of 
phyficians. — After  the  accefiion  of  king  George  the 
^d  to  the  throne  of  Great  Britain,  Dr.  Pringle  was  ap- 
pointed, in  1761,  phyfician  to  the  queen’s  honfehold  ; 
and  this  honour  waslucceeded,  by  his  being  conllituted, 
in  1763,  phyfician  extraordinary  to  the  queen.  The 
fame  year  he  was  chofen  a member  of  the  Academy  of 
Sciences  at  Haarlem,  and  elected  a fellow  of  the  Royal 
College  of  Phyficians  in  London. — In  i 764,  011  thede- 
ceafe  of  Dr.  Wollafton,  he  w^as  made  phyfician  in  ordi- 
nary to  the  queen.  In  1760  he  was  elected  a foreign 
member,  in  the  phyfical  line,  of  the  Royal  Society  of 
Sciences  at  Gottingen,  and  the  fame  year  he  was  railed 
to  the  dignity  of  a baronet  of  Great  Britain.  In  lyfiS 
he  was  appointed  phyfician  in  ordinary  to  the  late  prin- 
cefs  dowager  of  Wales. 

A*fter  having  had  the  honour  to  befeveral  times  elected 
into  the  council  of  the  Royal  Society,  Sir  John  Pringle 
was  at  length,  viz,  Nov.  30,  1772,10  confequence  of  tlie 
death  of  }araesWefiEfq.  deeded  prefidentof  that  learned 
body.  His  eleedion  to  this  highilatlon,  though  he  had 
fo  refpedable  a charadler  as  the  late  Sir  James  Porter 
for  his  opponent,  was  carried  by  a very  confiderablc 
inajoritv.  Sir  John  Pringle’s  condu6t  in  this  honour- 
able ftatlon  fully  juitlfied  the  choice  the  Society  m.ade  of 
him  as  their  prefident.  By  his  equal,  impartial,  and  en- 
couraging behaviour,  he  fecured  the  good  will  and  bell 
exertions  of  all  for  the  general  benefit  of  fcience,  and 
true  interefis  of  the  Society,  which  in  his  time  was  raifed 
to  the  pinnacle  of  lionour  and  credit.  Infiead  of  fplit- 
ting  the  members  into  oppolite  parties,  by  crud,  unjull, 
and  tyrannical  condud,  as  has  fomctiines  been  the  cafe, 
to  the  ruin  of  the  bell  interells  of  the  Society,  SirJoUii 
Pringle  cherifhed  and  happily  united  the  endeavours  of 
all,  collcding  and  direding  the  energy  of  every  one  to 
the  common  good  of  the  whole.  Ele  happily  alfo  (fruck 
cut  a new  way  to  difiindion  and  ufefulnefs,  by  the  dif- 
courfes  which  were  delivered  by  him,  on  tlie  annual  af- 
fignm.ent  of  Sir  Godfrey  Copley’s  medal.  This  gentle- 
man had  originally  bequeathed  five  guineas,  to  he  given 
at  each  anniverfary  meeting  of  the  Royal  Society,  by 
the  deteimination  of  the  prefident  and  council,  to  the 
perfon  who  fiiould  be  the  author  of  the  belt  paper  of  ex- 
perimental obfervatlons  for  the  year.  In  prucefs  of 
time,  this  pecuniary  reward,  which  could  never  be  an 
important  conlideratlon  to  a man  of  an  enlarged  and 
philofophical  mind,  however  narrow  his  circumltances 
might  be,  was  changed  into  the  more  hbered  form  of  a 
gold  medal  ; in  which  form  it  is  become  a truly  honour- 
able mark  of  difiindion,  and  a jufi.  and  laudable  objeefi 
of  ambition.  No  doubt  it  was  always  ufual  for  the 
prefident,  on  the  delivery  of  the  medal,  to  pay  lome 
couVjfiiment  to  the  gentleman  on  whom  it  wasbefiowed  ; 
but  the  cufiom  of  making  a fet  fpeceh  on  the  occafion, 
and  of  entering  into  the  hifiory  of  that  part  of  phllo- 
fophy  to  w'hich  the  experiments,  or  the  Pubjed  of  the 
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paper  related,  was  firft  introduced  by  Martin  Folkcs 
Efq.  The  dlfcourfes  however  which  he  and  his  fiiccef- 
fors  delivered,  were  very  fnort,  and  were  only  inferted 
in  the  minute-books  of  the  Society.  None  of  them  had 
ever  been  printed  before  Sir  John  Pringle  was  raifed  to 
the  chair.  The  firfi  fpeech  that  was  made  by  him  being 
much  more  elaborate  and  extended  than  iTual,  the  puh- 
llcalion  of  it  was  defired.;  and  with  this  requefi,  it  is 
faid,  he  was  the  more  ready  to  comply^,  as  an  ablurd  ac- 
count of  what  he  had  delivered  had  appeared  in  a news- 
paper. Sir  John  was  very  happy  in  the  fubjed  of  his 
firfi  difeourfe.  The  difeoveries  in  magnetiim  and  elec- 
tricity had  been  fuccceded  by  tlie  inquiries  into  the  va- 
rious fpecics  of  air.  Ift  tliefe  enquliies,  Dr.  Prlefiley, 
who  had  already  greatly  difilnguiflied  himfelf  by  his 
elcdrical  experiments,  and  his  other*  philolojrhical  pur- 
fults  and  labours,  took  the  principal  leid.  A paper  of 
his,  intitled,  (fhfcrvatloru  on  dijfarent  Kinds  oj  hav- 
ing been  read  before  the  Society  in  March  177-’ 
adjudged  to  he  defervin|:^  of  the  gold  medal;  and  Sir 
John  l^ringle  embraced  with  pleafure  the  occafion  of  ce- 
lebrating the  impoitant  comnuinlc'ations  of  his  friend, 
and  of  lelaiijig  with  accuracy  and  fidelity  what  had  pre- 
viouflv  been  dilcovered  upon  the  iubjed. 

it  was  not  intended,  w'c  believe,  when  Sir  John’s  firfi 
fpeech  was  printed,  that  the  example  fliould  he  followed; 
but  the  fecond  difeourfe  was  fo  well  received  by  the  So- 
cietv,  that  the  publication  of  it  was  iinanimouflyr  re- 
quefied.  Both  the  difeourfe  itfclf,  and  the  fubjedl  on 
which  it  was  delivered,  merited  fuch  a difiindion.  The 
compofitlon  of  the  fecond  fpeech  Is  evidently  iuperior 
to  that  of  the  former  one  ; Sir  John  having  probably 
been  animated  by  the  favourable  reception  of  his  firifc 
effort.  His  account  of  the  Torpedo,  and  of  Mr. 
Wallh’‘s  ingenious  and  admirable  experiments  relative 
to  the  eledrical  properties  erf  that  extraordinary  fifh,  is 
fingiilarly  curious.  The  whole  difeourfe  abounds  with 
ancient  and  modern  learning,  and  exhibits  the  worthy 
prefident’s  knowledge  in  natural  hifiory,  as  well  as  in 
medicine,  to  great  advantage. 

The  third  time  that  he  was  called  upon  to  difplay 
his  abilities  at  the  delivery  of  the  annual  medal,  was  oil 
a very  beautiful  and  Important  occafion.  This  was  no 
lefs  than  Mr.  (now  Dr.)  Mafkelyne’s  fuccefsful  attempt 
completely  to  ellabllfh  Newton’s  fyfiem  of  the  univerle, 
by  his  Objcrnsations  Tiiadt;  on  the  Monnlain  Scheialheriy  fsr 
finding  its  ailraclion.  Sir  John  laid  hold  of  this  ojipor- 
tunitv  to  give  a peiTpicuous  and  accurate  relation  uf  the 
feveral  hypothefes  of  the  Ancients,  with  regard  to  the 
rev(;lutioris  of  the  heavenly  bodies,  and  of  the  noble  dif- 
coveries  willi  which  Copernicus  enriched  the  afironomi.- 
cal  world.  Ho  then  traces  the  progrefs  of  the  grand 
jirinciple  of  gravitation  down  to  Sir  llaac’‘s  illuftrious 
confirmation  of  it  ; to  v/liich  he  adds -a  concife  account 
of  Mefhs.  Bouguer’s  and  Condamint’s  experiment  at 
ChimboixKj'o,  and  of  Mr.  Mafkelync’s  at  Schehallien. 
If  anv  doubts  Hill  remained  with  rcfoedl  to  the  truth  of 
the  Newtonian  fyfiem,  they  were  now  completely  re- 
moved. 

Sir  John  Bringle  had  rcafon  to  be  peculiarly  fatisfied 
with  the  fubjccl  of  his  fourth  difeourfe  ; that  fubjodl 
being  perfectly  congenial  to  his  difpofition  and  ftudies. 
His  own  life  had  been  much  employed  in  pointing  out 
the  means  which  tended  not  only  to  cure,  but  to  pre- 
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. prefident,  in  his  fifth  annual  difiertation 
:iinitv  of  difplayin^  liis  knowledo-e  in  : 


vent  the  difcafes  of  mankind  ; and  it  is  probable,  from 
his  intimate  friendfhip  with  captain  Cook,  that  he  might 
fuggetl  to  that  fagacious  commander  fome  of  the  rules 
which  he  fcllovv'ed,  in  order  to  preferve  the  health  of  the 
crew  of  Ifis  fiiip,  dnring^his  voyage  round  the  world. 
Whether  this  was  the  cafe,  or  whether  the  method  pur- 
fned  by  the  captain  to  attain  fo  falutary  an  end,  was  the 
fefult  alone  of  his  o\Vn  refiedtions,  the  fuccefsof  it  was 
ailonifning  ; and  tin's  celebrated  voyager  Teemed  well 
entitled  to  every  homrur  u inch  could  be  bellowed.  To 
Iilm  the  Society  aifigned  their  gold  medal,  but  he  was 
not  prefent  to  receive  the  honour.  He  was  gone  out 
upon  the  voyage,  from  rvhich  he  never  returned.  In 
this  laft  voyage  he  continued  equally  fnccefidul  in  malii' 
tainlnor  the  health  of  his  men. 

o 

Tire  learned  ^ 

had  an  opportunity  of  difplaying 
way  in  which  it  had  not  hitherto  appeared.  The  dif- 
courfe  took  its  rife  from  the  adjudication  of  the  prize 
medal  to  Mr.  Mudge,  then  an  eminent  furgeon  at  Piy- 
moutli,  on  account  of  his  valuable  paper,  containing 
Directions  for  making  the  heft  Compqfition  for  the  Metals 
of  Rtfu  Bing  7 elefcopes,  together  nvith  a Defcriptmi  of  the 
Frocefs  for  Grindings  FoUfing^  and  giving  the  Great 
Speculum  the  true  Parabolic  form.  Sir  John  hath  accu- 
rately related  a variety  of  particulars,  concerning  the 
invention  of  reflecting  telefcopes,  the  fubfeqiient  im- 
provements of  thefe  initruments,  and  the  fiate  in  which 
Mr.  Mudge  found  them,  when  lie  firfi  fet  about  work- 
ing them  to  a greater  perfedtion,  till  he  had  truly  rea- 
lized the  expectation  of  Newton,  who,  above  an  hun- 
dred years  ago,  prefaged  that  the  public  would  one  day 
pOiTefs  a parabolic  fpeculum,  not  accomplifhed  by  ma- 
thematical rules,  but  by  mechanical  devices. 

Sir  John  Pringle’s  fixth  and  laft  dlfcourfe,  to  which 
he  was  led  by  the  afiignment  of  the  gold  medal  to  my- 
felf,  on  account  of  my  paper  intitied,  dhe  Force  of 
fired  Gunponvder ,,  and  the  Initial  Velocity  of  Cannon  Ballsy 
determined  hy  Experiments was  on  the  theory  of  gun- 
nery. Though  Sir  John  had  fo  long  attended  the  army, 
this  was  probably  a fubjeCt  to  which  he  had  heretofore 
paid  very  little  attention.  We  cannot  however  help 
admiring  with  what  perfpiciiity  and  judgment  he  hath 
ftated  the  progrefs  that  was  made,  from  time  to  time, 
in  the  knowledge  of  projeCtiles,  and  the  fclentific  per- 
fection to  which  it  has  been  faid  to  be  carried  in  my 
paper.  As  Sir  John  Pringle  was  not  one  of  thofe  who 
delif^hted  in  wmr,  and  in  the  fhedding  of  human  blood, 
he  war.  happy  in  being  able  to  fnew  that  even  the  ftudy 
of  artillery  inlglit  be  ufeful  to  mankind  ; and  therefore 
this  is  a topic  which  he  hath  not  forgottento  mention. 
Here  ended  our  author’s  difeourfes  upon  the  delivery  of 


Sir  Godfrey  Copley’s  medal,  and  his  prefidency  over  the 
Koyal  Society  at  the  fame  time,  the  delivering  that  me- 
d?d  into  my  hand  being  the  laft  office  he  ever  performed 
in  that  capacity  ; a ceremony  which  was  attended  by  a 
greater  number  of  the  members,  than  had  ever  met  to- 
<Tether  before  upon  any  other  occafion.  Had  he  been 
permitted  to  prefide  longer  in  that  chair,  he  would 
doubtlefs  have  found  other  occafioYis  of  difplaying  his 
acquaintance  with  the  hiftory  of  phiiofophy.  But  the 
opportunities  which  he  had  of  fignalizing  hirnfelf  in  this 
refpeCt  were  important  in  themfeives,  happily  varied, 
uiid  fuificient  to  gain  him  a folid  and  lafting  reputation, 


Several  marks  of  literary  diftInCticn,  as  we  have  al- 
ready feen,  had  been  conferred  upon  Sir  John  Pringle, 
before  he  was  raifed  to  the  prefident’s  ehair.  But  after 
that  event  they  were  beftowed  upon  him  in  great  aj:)un- 
dance,  liavino-  been  eleCled  a member  of  almoft  ail  the 
literary  focieties  and  inftitutions  in  Europe.  He  wa& 
alfo,  in  1774,  appointed  phyftcian  extraordinary  to  the 

It  was  at  rather  a late  period  of  life  when  Sir  John 
Pringle  was  cliofen  to  be  prefident  of  the  Royal  So- 
ciety, being  then  65  years  of  age.  Confidering  there- 
fore the  great  attention  tliat  was  paid  by  him  toglie  va- 
rious and  important  duties  of  his  office,  and  the  great 
pains  he  took  in  the  preparation  of  his  difeourfes,  it  was 
natural  to  expeCl  that  the  burthen  of  his  honourable  fta- 
tion  ftiould  grow  heavy  upon  him  In  a conrfe  of  time,. 
This  burthen,  though  not  increafed  by  any  great  addi- 
tion to  his  life,  for  he  was  only  6 years  prefident,  was 
fomewhat  augmented  by  the  accident  of  a fall  in  the 
area  in  the  back  part  of  his  houfe,  from  which  he  re- 
ceived fome  hurt.  From  thefe  circum fiances  fomie  per- 
fons  have  affeCled  to  account  for  his  refigning  the  chair 
at  the  time  when  he  did.  But  Sir  John  Pringle  was 
naturally  of  a ftrong  and  robuft  frame  and  conftitution^ 
and  had  a fair  profpedf  of  being  well  able  to  difeharge 
the  duties  of  his  fttuation  for  many  years  to  come,  had 
his  fpirits  not  been  broken  by  the  moft  cruel  haraffings 
and  baitings  in  his  office.  His  refolution  to  quit  the 
chair  arofe  from  the  dlfputes  introduced  into  the  So- 
ciety, concerning  the  queftlon,  whether  pointed  or 
blunted  eledlrlcal  condudlors  are  the  raoft  efficacious  i.ix 
prcfervirig  buildings  from  the  pernicious  effedfs  of  light- 
ning, and  from  the  cruel  circumftances  attending  thofe 
dlfputes.  Thefe  drove  him  from  the  chair.  Such  of 
thofe  circumftances  as  were  open  and  manlfeft  to  every' 
one,  were  even  of  themfeives  perhaps  quite  fufficlent 
to  drive  him  to  that  refolution.  But  there  were  yet 
others  of  a more  private  nature,  which  operated  ftill 
more  powerfully  and  diredfly  to  produce  that  event  ; 
wliich  may  probably  hereafter  be  laid  before  the  public, 
when  I fhali  give  to  them  tlie  hiftory  of  the  moft  mate- 
rial traufadftioiis  of  the  Royal  Societyq  efpecially  thofe  of 
the  laft  22  ^mars,  w'hich  I have  from  time  to  time  com- 
pofed  and  prepared  with  that  viewu 

His  intention  of  refigning  however,  was  difagreeable 
to  his  friends,  and  the  moft  diftinguiflied  members  of  the 
Society,  who  were  many  of  them  perhaps  ignorant  of  the 
true  motive  for  it.  Accordingly,  they  earneftly  foil- 
cited  him  to  continue  in  the  chair  ; but,  his  refolution 
being  fixed,  he  refigned  it  at  the  anniverfary  meeting  in 
1778,  immediately  on  delivering  the  medal,  at  the  con- 
clufion  of  his  fpeech,  as  mentioned  above. 

Thougli  Sir  John  Pringle  thus  cpiitted  his  particular 
relation  to  the  Royal  Society,  and  did  not  attend  Its 
meetings  fo  conftantly  as  he  had  formerly  done,  he  ftill 
retained  his  literary  connections  in  general.  His  houfe 
continued  to  be  the  refort  of  ingenious  and  philofophi- 
cal  men,  whether  of  his  own  country,  or  from  abroad  ; 
and  he  was  frequent  in  his  vifits  to  his  friends.  Pie  was 
held  in  particular  efteem  by^  eminent  and  learned  fo- 
reigners, none  of  whom  came  to  England  w'ithoat 
waiting  upon  him,  and  paying  him  the  greateft  rerpepfc. 
He  treated  them.  In  return,  with  diftinguifhed  clviirty 
and  regard.  When  a number  of  gentlemen  met  at 
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his  table,  foreigners  were  ufually  a part  of  the  com- 
pany. 

Irl  1780  Sir  Jolin  fpent  the  fummer  on  a vifit  to 
Edinburgh  ; as  he  did  alfo  that  of  1781  ; where  he 
V'as  treated  with- the  greatefl  refpedl.  In  this  lali  viiit 
he  prefented  to  the  Royal  College  of  riivficians  in  that 
city,  the  refult  of  many  years  labour,  being  ten  fc)lio 
volumes  of  Medical  and  Phyfical  Ohfervattoris^  iri  manu- 
feript,  on  condition  that  they  fhould  neither  be  pub- 
liihed,  nor  lent  out  of  the  library  of  the  college  on  any 
account  whatever.  He  was  at  the  fame  time  pieparing 
two  other  volumes,  to  be  given  to  the  univerfity,  con- 
taining the  formulas  referred  to  in  his  annotations.  He 
returned  again  to  London,  and  continued  foi  fame  time 
his  ufual  courfe  of  life,  receiving  and  paying  vifits  to 
the  mod  eminent  literary  men,  but  languifhing  and  de- 
clining in  his  health  and  fpirits,  till  the  i8th  of  January 
1782,  when  he  died,  in  the  75th  year  of  his  age;  tiic 
account  of  his  death  being  every  where  received  in  a 
manner  which  fliewed  the  high  lenfe  that  was  enter- 
' tained  of  his  merit. 

Sir  John  Pringle^s  eminent  charaHcr  as  a pradlical 
phyfician,  as  well  as  a medical  author,  is  fo  well  known, 
and  fo  univcrfally  acknowledged-,  that  an  enlargement 
upon  it  cannot  be  necelfary.  In  the  txerclfc  ot  his  pro- 
fefiion  he  was  not  rapacious  ; being  ready,  on  various 
occafioiis,  to  give  bis  advice  without  pecuniar)''  views. 
The  tarn  of  his  mind  led  him  cliieflv  to  the  love  of  fei- 
cnce,  which  he  built  on  the  firm  bafis  of  fact.  With  re- 
gard to  philofophy  in  general,  he  was  as  averle  to  theory, 
unfnpported  by  experiments,  as  lie  was  with  refpect  to 
medicine  in  particular.  Lord  Bacon  was  his  favourite 
author  ; and  to  the  method  of  invefiilgation  recom- 
mended by  that  great  man,  he  Ileadily  adhered.  Such 
being  his  intelledtual  charadter,  it  will  not  be  thought 
furoriliug  that  he  had  a dlflike  to  Plato.  And  to  me- 
taphyfical  dlfqulfitions  he  loll  all  regard  in  the  latter 
part  of  his  life. 

Sir  John  had  no  great  fondnefs  for  poetry.  He  had 
hot  even  any  dillinguilhed  relifh  for  the  immortal 
•Shakefpeare  : at  leall  he  feemed  too  highly  fenfible  of 
thedefeefs  of  that  illuhrious  bard,  to  give  him  the  pro- 
per degree  of  eflimation.  Sir  John  had  not  in  his 
youth  been  neglectful  of  philological  enquiries,  nor  did 
he  defert  them  in  the  lafi  flagcs  of  his  life,  but  culti- 
vated even  to  the  kill  a knowledge  of  the  Greek  lan- 
guage. He  paid  a great  attention  to  the  French  lan- 
guage ; audit  is  faid  that  he  was  fond  of  Voltaire’s  cri- 
tical writings.  Among  all  his  other  purfuits,  he  never 
forgot  the  lludy  of  the  Euglifli  language.  This  he  re  • 
garded  as  a matter  of  fo  much  confequcnce,  that  he 
took  uncommon  pains  witli  regard  to  the  flyle  of  his 
compofitions  ; and  it  cannot  he  denied,  that  he  excelled 
in  perfpicuity,  coneclnefs,  and  uropt iety  id  exprclfion. 
I'lls  fix  difcoiii  fcb  in  particular,  delivered  at  tlic  annual 
meetings  of  tlic  IL;yal  Society,  on  occafiun  of  tlie  pri'/c 
medals,  have  been  univti Tally  admired  as  elegant  com- 
pofitions, as  v'cll  as  critical  and  learned  difi'ertations. 
And  this  charadterillic  of  them,  fecnicd  to  incrcafe  and 
heighten,  from  year  to  year:  a circumllancc  which  ar- 
gues rather  an  , improvement  of  his  faculties,  than  any 
, decline  of  them,  and  that  even  after  the  accident  which  it 
was  pretended occafioned  his  defeent  from  the  prclidenl’s 
chair.  So  excellent  indeed  were  thefecompofitionsclleun- 


cd,  that  envy  ufed  to  afperle  his  charadler  with  the  impu- 
tation of  borrowing  the  hand  of  another  in  thole  learned 
difeourfes.  But  how  falfe  fuch  afperfion  was,  I,  and  I 
believe  mofl  ot  the  other  gentlemen  wlio  had  the  honour 
ot  receiving  the  annual  medal  from  his  hands,  can  fully 
teflify.  For  mylelf  in  particular,  1 can  witnefs  for  the 
kill,  and  perhaps  the  belt,  that  on  the  theory  and  itn- 
provementsin  gunnery,  having  been  prefect  or  privy  to 
his  compofition  of  every  part,  of  It. — Thouglr  our  au- 
thor was  not  fond  of  poetry,  lie  had  a great  afieiflion 
foi  the  fifter  art,  mufic.  Of  this  art  he  was  not  merely 
an  admirer,  but  became  fo  rar  a pradlitioner  la  it,  as  to 
he  a performer  on  the  violoncello,  at  a weekly  concert 
given  by  a lociety  of  gentlemen  at  Edinburgh.  Be- 
iides  a dole  application  to  medical  and  philoiophical 
fcience,  during  chc  latter  part  of  his  life,  he  devoted 
inuch  time  to  the  lludy  of  divinity  : this  being  with 
liim  a very  favourite  and  in tere ding  objed. 

If,  from  the  intelleciiu!],  we  pafs  on  to  the  moral 
charader  of  Sir  John  Pringle,  we  flrall  find  tliat  the 
ruling  feature  of  it  was  integrity.  By  this  principle  he 
was  umfornilv  aduated  in  the  whole  of  his  condudand 
bcha.viour.  Fie  was  equally  dilliiigiiilhcd  for  his  fo- 
bi  iety.  I and  other  perfons  have  heard  liim  declare, 
that  he  had  never  once  in  his  life  been  Intoxicated  with 
liquor,  In  his  fnendflu’is,  he  was  ardent  and  fleady. 
The  intimacies  which  were  formed  by  him,  in  the  early 
part  of  his  life,  continued  unbroken  to  the  dcceafe  of 
the  gentlemen  with  whom  they  were  made  ; and  were 
kept  up  by  a regular  correfpondcnce,  and  by  all  the 
good  ofl'iccs  tliat  lay  in  his  power. 

With  regard  to  Sir  Joiin’s  external  manner  of  de- 
portment, he  paid  a very  refpedful  attention  to  thofe 
who  vvcTc  honoured  wrth  his  frlendlhip  and  elleem,  and 
to  fuch  llrangei-s  as  came  to  him  well  recommended. 
Foreigners  in  particular  had  good  reafon  to  be  fatisfied 
with  the  uncommon  pains  which  he  took  to  Ihew  thent 
every  mark  of  civility  and  regard.  He  had  however  at 
times  fomev.'hat  of  a drynefs  and  referve  in  his  beha- 
viour, wliich  had  the  appearance  of  coldnefs  ; and  this 
was  the  cafe  when  he  was  not  perfecfly  pleafed  with 
the  perfons  v\'ho  were  introduced  to  him,  or  wlio  bao- 
pened  to  be  in  his  company.  His  fenfe  of  integritv 
and  dignity  would  not  permit  him  to  adopt  that  falfc 
and  fuperlicla]  politenefs,  which  treats  all  men  alike, 
though  ever  fo  different  in  point  of  real  ellimation  and 
merit,  with  the  fame  flievv  of  cordiality  and  kindnefs. 
He  was  above  affuming  the  profefiion,  without  the 
reality  of  refpeft. 

i’RISM,  in  Geometry,  Is  a body,  or  folid,  whofi} 
two  ends  are  any  plane  figures  which  are  parallel,  equal, 
and  limikir  ; and  its  lides,  connecting  thole  ends,  arc 
parallelograms, — Hence,  every  feCtion  paialiel  to  the 
ends,  is  the  fame  kind  of  equal  and  limllar  figui'c  as  the 
ends  themlelvt'5  are  ; and  the  Pt  ifm  may  be  confideied 
as  generated  by  the  parallel  motion  of  this  plane  fi- 

ibifins  take  their  leverai  particular  names  from  the 
fi';ure  of  ihclr  cmk'.  •ThiU'.,  wlicii  the  end  is  a Lriano'le, 
it  is  a Triangular  Frilra  ; when  a fquare,  a Square 
Frilm  ; when  a pentagon,  a ikntugonal  Prifm  ; when  a 
hexagon,  a Flexagonal  Prifm  ; and  fo  on.  And  hence 
the  denomination  IVifm  comprifes  alio  the  cube  and  pa- 
laliclopipedon,  the  former  being  u fquare  rrifm,  and 
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the  latter  a re angular  one.  And  even  a cylinder  may 
hcconfjdered  as  a round  Prifrn,  or  one  that  has  an  infi- 
nite number  of  Tides.  Alfo  a Fha’fm  is  faid  to  be  regular 
or  irregular,  according  as  the  figure  of  its  end  is  a re- 
gular or  an- irregular  polygon. 

The  Axis  of  a Prifm,  is  the  line  conceived  to  be 
drawn  lengthways  through  the  middle  oi  it,  connefting 
the  centre  of  one  end  with  that  of  the  other  end. 

Piifms,  ap-aiii,  are  either  right  or  oblique. 

A f^RisM  is  that  whgfe  Tides,  and  its  axis,  are 

perpendicular  to  its  ends ; like  an  upright  tower. 

A nd 

An  QlVquc  Prism,  is  when  the  axis  and  Tides  are 
oblique  to  the  ends;  To  that,  when  fet  upon  one 
end,  it  inclines  on  one  band,  like  an  inclined  tower. 

The  principal  properties  of  Prifins,  are,  ^ 

1.  That  all  Prifms  are  to  one  another  in  the  ratio 
compounded  of  their  bafes  and  heights. 

2.  Similar  Prifms  aie  to  one  another  in  the  triplicate 
ratio  of  their  like  fides. 

3.  A Prifm  is  triple  of  a pyramid  of  equal  bafe  and 
height  ; and  the  folid  content  of  a Prifrp  is  found  by 
multiplying  the  bafe  by  the  perpendicular  height. 

4.  The  upright  fur  face  of  a right  Prifm,  is  equal  to 
“a  redfangle  of  the  fame  height,  and  its  breadtli  equal 
to  the  perimeter  of  the  bale  or  end.  And  Therefore 
fuch  upright  furface  of  a right  Prifm,  is  found  by  rank 
tiplying  the  perimeter  of  the  bale  by  the  perpendicular 
height.  Alfo  the  upright  furface  of  an  oblique  Prifm^ 
is  found  by  computing  thofe  of  all  its  parallelogram 
Tides  feparately,  and  adding  them  together. 

And  if  to  the  upright  furface  be  added  the  areas  of 
the  twa  ends,  the  fum  will  be  the  whole  furface  of  the 
Prifm.. 

Prism,  in  Dioptrics,  is  a piece  of  glafs  in  form  of 
a triangular  Prifm  : which  is  much  ufed  in  experiments 
concerning  the  nature  of  light  and  colours. 

The  ufe  arid  phenomena  of  the  Prifm  arife  from  its 
fides  not  being  parallel  to  each  other  ; from  whence  It 
feparates  the  rays  of  light  in  their  paffage  through  it, 
by  coming  through  two  fides  of  one  and  the  fame  an- 


The  more  general  of  thefe  phenomena  are  enume- 
rated and  iiluftrated  under  the  article  Colour  ; which  are 
fiifficient  to  prove,  that  colours  do  not  either  confiih  in 
the  contorfion  of  the  globules  of  light,  as  Des  Cartes 
imagined;  nor  in  the  obliquity  of  the  pulfes  of^ne 
etherial  matter,  as  Plook  fancied  ; nor  in  the  edndipa- 
tionof  light,  and  its  greater  or  lefs  concitation,  as  Dr. 
Barrow  conjedtured  ; but  that  they  are  original  and  un- 
changeable properties  of  light  itfelf. 

PAI8M01D,  is  a folid,  or  body,  fonaewbat  refem- 
bling  a prifm,  but  that  its  ends  are  any  difiimilar  paral- 
lel plane  figures  of  the  fame  number  of  f des  ; the  up- 
right Tides  being  trapezoids. If  the  ends  of  the  Prif- 

moid  be  bounded  by  diiTimllar  curves,  it  is  fametimes 
called  a cyiindroid. 

PROBA^BILITY  of  an  Event,  in  the  DoTrine  of 
Chances,  is  the  ratio  of  the  number  of  chances  by  which 
the  event  may  happen,  to  the  number  by  wdiich  it  may 
both  happen  and  fail.  So  that,  if  there  be  eonilituted 
a fradtioii,  of  which  the  numerator  is  the  number  of 
•chances  for  the  events  happening,  and  the  denominator 
the  number  for  both  happening  and  failing,  that  fraction 


will  properly  exprefs  the  value  of  the  Probability  of  the 
event’s  happening.  Thus,  if  an  event  have  3 chances 
for  happening,  and  2 for  failing,  the  fum  of  which 
being  5,  the  haftion  f-  will  fitly  reprefent  the  Probabi- 
lity of  its  happening,  and  may  be  taken  to  be  the  mea- 
fure  of  it.  The  fame  thing  may  be  faid  of  the  Probabi- 
lity of  failing,  wmich  will  likewife  be  meafured  by  a 
fraebion,  whole  numerator  is  the  number  of  ciiances  by 
w'hich  it  may  fad,  and  its  d-enomiuator  the  whole  num- 
ber of  chances  both  for  its  happeping  and  failing  y fo  the 
Probability  of  the  failing  of  the  above  event,  which  has 
2 chances  to  fail,  and  3 to  happen,  will  be^expreffed  or 
meafured  by  the  fraction  . 

j ^ » i ♦ 

Hence,  if  there  be  added  together  the  fradlions  which 
exprefs  the  Probability  for  both  happening  and  failing, 
their  fum  will  always  be  equal  to  unity  or  i ; fince  the 
fum  of  their  numerators  wdll  be  equal  to  their  common 
denominator.  And  fiiice  it  is  a certainty  that  an  event 
will  either  happen  or  fail,  it  follow's  that  a certainty, 
wdiich  may  beconfideredas  an  infinitely  great  degree  of 
Probability,  is  fitly  reprefented  by  unity.  See  Simp- 
fon’s  or  Demoivre’s  DodU'ine  of  Chances ; alfo  Ber- 
noulli’s Ars  Conjeclandi ; Monmort’s  Analyfe  des 
Jeux  de  Hafard ; or  M.  De  Parcieu’s  EiTais  furies  Pro- 
babilites  de  ia  Vie  humaine.  See  alfo  Expectation, 
and  Gaming. 

Probability  of  Life,  See  Expectation  of  Life^ 
and  Annuities. 

PROBLEM,  in  Geometry,  is  a propofition  in  which 
forne  operation  or  confirudlion  is  required.  As,  to  bi- 
feA  a line,  to  make  a triangle,  to  raife  a perpendicular,, 
to  draw  a circle  through  three  points,  &c. 

A Problem,  according  to  Wolfius,  confirls  of  three 
parts  : The  propofition,  which  expreffes  what  is  to  be 
done  ; the  refolution,  orfolution,  in  which  are  orderly 
rehearfed  the  feveral  ileps  of  the  procefs  or  operation  ; 
and  the  demonftration,  in  which  it  is  fhewn,  that  by 
doing  the  feveral  things  preferibed  in  the  refolution,  the 
thing  required  is  obtained. 

Problem,  in  Algebra,  is  a quefiion  or  propofition 
which  requires  Tome  unknown  truth  to  be  inveftigated 
or  difeovered  ; and  the  truth  of  the  difeovery  demou- 
ftrated. 

Problem,  KepleAs.  Sec  Kepler’s 

Problem,  Determinate,  Dwphantine,  Inikferminate, 
l^imited.  Linear,  LocaU  Piaiie,  Solid,  Surfolid,  and 
Unlimited.  -See  the  adjedives. 

Problem,  in  Geometry,  is  the  doubling  of 
a cube.  This  amounts  to  the  fame  thing  as  the  finding 
of  two  mean  proportionals  between  two  given  lines  : 
whence  this  alfo  is  called  the  Deiiacal  Problem.  See 
Duplication, 

P ROC  LETS,  an  eminent  philofoplier  and  mathem.a- 
tician  among  the  later  Platonifls,  nvas  born  atConfian- 
tlnople  in  the  year  410.,  of  parents  who  were  both  able 
and  willing  to  provide  for  bis  inftrudion  in  all  the  va- 
rious branches  of  learning  and  knowledge.  Pie  was  firft 
fent  to  Xanthus,  a city  of  Lycia,  to  learn  grammar : from 
thence  to  Alexandria,  wlterehe  was  under  the  heft  maf- 
ters  in  rhetoric,  philofophy,  and  mathematics  and 
from  Alexandria  he  removed  to  Athens,  where  he  at- 
tended the  younger  Plutarch,  and  Syrian,  both  of  them 
celebrated  philofophers.  He  fucceeded  the  latter  in 

the 
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the  government  of  the  Platonic  fchool  at  Athens ; 
where  he  died  in  48;,  at  75  years  of  age.  _ 

Marinus  of  N-tples,  who  was  his  fuccelTor  in  the 
fchool,  wrote  his  life  ; the  iirft  perfed  copy  of  which 
was  publilhed,  with  a Latin  verfion  and  notes,  by  I’a- 
brlcius  at  Hamburgh,  1700,  in  4to  ; and  afterwaids 
fubioined  to  his  BMatheca  Lnt'mn,  i 703,  m Svo. 

Proclns  wrote  a great  number  of  pieces,  and  upon 
many  different  fubjeefs  ; as,  commentaries  on  philofo- 
nhv,  mathematics,  and  grammar;  upon  the  y.ho.e 
vvoidtsof  Homer,  Hcfiod,  and  Plato  s books  ot 
public  : he  wrote  alfo  on  the  conffrudlion  of  the  .hllro- 
labe.  Many  of  his  pieces  are  loA  ; lorae  have  heen 
publiihed  ; and  a few  remain  ftill  in  manufcript  only. 
Of  the  publilhed,  there  are  four  very  elegant  hymns  ; 
one  to  the  Sun,  two  to  Venus,  and  one  to  the  xMulcs. 
There  are  commentaries  upon  feveral  pieces  of  1 lato  \ 
upon  the  four  books  of  Ptolorny’s  work  de  Judmis 
irorum  ; upon  the  firft  book  of  EucliTs  Elements ; 
and  upon  HefioTs  Opera  et  Dies.  i here  are  alio 
works  of  Proclus  upon  philofophical  and  altronomical 
Jubjeas;  particularly  the  piece  De  Sphtera^  which  was 
puhlidied,  1620,  in  4to,- by  Bainbridge,  the  Savilian 
profeffor  of  allronomy  at  Oxford.  He  wrote  alio  18 
arguments  againft  the  Chriftians,  wliich  are  Itill  ex- 
tant, and  in  which  he  attacks  them  upon  the  queibon, 
whether  the  world  be  eternal  ? the  ailirmativc  of  wnich 


he  maintains. 

The  ciiarafter  of  Proclus  is  the  fame  as  that  of  all 
the  later  Platoniils,  who  it  feems  wete  not  kis  enthu- 
fialls  and  madmen,  than  the  Chridians_  their  contem- 
poraries, whom  they  reprefented  in  this  light.  Pro- 
clus  was  not  reckoned  quite  orthodox  by  his  tawn  or- 
der : he  did  not  adhere  10  rigoroufly,  as  Julian  and 
Porphyry,  to  thedoclrines  and  principles  of  his  mailer: 
“ He  had,  fays  Cud  worth,  fome  peculiar  fancies  and 
whimhes  of  his  own,  and  was  indeed  a confounder  of 
the  Platonic  theology,  and  a mingler  of  much  unintel- 
ligible ftuff  with  it.’^ 

PROCYON,  in  Allronomy,  a fixed  liar,  of  the  fe- 
cond  magnitude,  in  Canis  Minor,  or  the  Eittlc  Hog. 

PRODUCING,  in  Geometry,  denotes  the  conti- 
nuing a line,  or  drawing  it  farther  out,  till  it  have  an 
'afiigued  length. 

PRODUCT,  in  Arithmetic,  or  Algebra,  is  the 
fa'flum  of  two  numbers,  or  quantities,  or  the  quantity 
arifino"  from,  or  produced  by,  the-multiplicadon  of,  t>^o 
or  more  numbers  &c  together.  I bus,  48  is  the  pro- 
dud  of  6 multiplied  by  8.— In  multiplication,  unity  is 
in  proportion  to  one  fador,  as  the  other  fador  is  to  the 

pToduil.  So  1 : 6 : : 8 : 48. 

In  Algebra,  the  produdt  of  fimple  quantities  is  ex- 
prelTed  by  joining  the  letters  together  like  a word,  and 
prefixing  the  produd  of  the  numeral  coefficients  > So 
the  produd  of  a and  h is  ah^  of  3^  and  is  ilabc. 
But  the  produd  of  compound  fadors  or  quantities  is 
exprefled  by  fetting  the  fign  of  piultiplication  between 
them,  and  binding  each  con^pound  fador  In  a vincu- 
lum : fo  the  produd  of  2a  + 3^  and  « - 4^  is 


za  ih  X a — 4r,  or  (2rt!  ■+-  3^)  X (a  — 44). 

In  geometry,  s.  redangle  anfwers  to  a product,  its 
length  and  breadth  being'  the  tw©  fadors  ; becaufe  the 
numbers  expreffing  the  length  and  breadth  being  mul- 


tiplied together,  produce  the  content  or  are, a of  the 

redangle.  ^ 

PROFILE,  in  Archifedure,  the  figure  or  draugnt 
of  a building,  fortification,  or  the  like  ; in  which  art 
exprelfed  the  leveral  heights,  widths,  and  thickneffes, 
fuch  as  they  would  appear,  were  the  building  cut  down 
perpendicularly  from  the  roof  to  tne  foundation. 
Whence  the  Profile  is  alfo  called  the  Sedion,  and  fome- 
times  the  Orthographical  Sedion  ; and  by  Vitruvius 
the  Sciography.  In  this  fenfe,  Prohle  amounts  to  the 
lame  tlnng  with  Elevation  ; and  fo  (lands  oppofed  lO  a 
Plan  or  Ichnography.’' 

Profile  is  alfo  ufed  for  the  contour,  or  outline  of  a 
figure,  building,  member  of  architedure,  or  the  like  ; 
as  a bafe,  a cornice,  See. 

PROGRESSION,  an  orderly  advancing  or  pro- 
ceeding in  the  fame  manner,  courfe,  tenor,  proportion, 
&c. 

Progreffion  is  either  Arithmetical,  or  Geometri- 
cal. 

AriAme^iea/ Progression,  is  a feries  of  quantities 
proceeding  by  continued  equal  ^diucrences,  either  jn- 
creafiiig  or  decreafing.  Thus, 

increafing  i,  3,  5,  7,  9,  Sec,  or 
decreafing  2 i,  18,  ic,  12,  9,  S<c  ; 

where  the  former  progreffion  in  'rcafes  continually  by 
the  common  difference  2,  and  the  latter  feries  or  Pro- 
greffion decrcaies  continually  by  the  conmion  dilfer- 
eiu'c  3. 

1.  And  hence,  to  confirud  an  arithmetical  ProgreL 
fion,  from  any  given  firfi  term,  and  with  a given  com- 
mon dllference  ; add  the  common  difFenmce  to  the  firll 
term,  to  give  the  2d  ; to  the  2d,’  to  give  the  3d  ; to 
the  3J.,  to  give  the  4.th  ; and  fo  on  ; wheu  the  ierles  i.s 
afeending  or  increafing  : hut  iubtradt  tlic  common- dik 
fer  mce  continually,  when  the  feries  Is  a defeending 
one. 

2.  The  chief  property  of  an  arithmetical  Progrefiiou, 
and  which  arifes  immediately  from  the  nature  of  its 
confirudion,  is  this  ; that  the  fain  oi  its  extremes,  or 
firft  and  laft  terms,  is  equal  to  the  lum  of  every  pair  ol' 
intermediate  terms  that  are  cquidlilant  from  tlic  ex- 
tremes, or  to  the  double  of  the  middle  term  when  there 
is  an  uneven  number  of  the  terms. 
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w’here  the  fum  of  every  pair  of  terms  is  the  fame  num- 
ber 14. 

Alfo,  a,  a d-  d,  a -p  2d,  a ^ ' 

a'\-^d,  a + yl,  a -p  zd,  a d,  a 

fums  2a  -p  \d  2a  A^d  2a  -p  A^d  la  -p  z\.d  2a  -p 

3.  And  hence  it  follows,  that  double  the  fum  of  all 
the  terms  in  the  feries,  is  equal  to  the  fum  of  the  two 
extremes  multiplied  by  the  number  of  the  terms  ; 
and  confequently,  that  the  fingle  fuVn  of  all  the 
terms  of  the  feries,  is  equal  to  half  the  faid  produd*. 
So  the  fum  of  the  7 t^grms 

I, 
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J.  5.  7.  9.  !i,  i3.,’s  r+Ts  X i - ^ X 7 =49- 
And  the  iiim  of  the  live  terms 

<7,  a -i-  Jy  a zdy  a -H  ^ ~h  4'4  is  <2  + 4-:/  X I' 

4.  Hence  alio,  if  the  lirfl  terni  of  the  Progreffion 
be  o,  the  fum  of  the  feries  will  be  equal  to  half  the 
product  of  the  lalf  term  multiplied  by  the  number  of 
terms  : i.  e.  the  fum  of 

0 + ^ +2  j -f  32/  -P  42/ n — i,d  z=:  In.n  — i 

where  n is  the  number  of  terms,  fuppofing  o to  be  one 
of  them.  That  is,  in  other  words,  the  fum  of  an 
arithmetical  Frogreffion,  whether  linite  ot  inSnite, 
whofe  hrll  term  is  o,  is  to  the  fum  of  as  many  times 
the  greatefl:  term,  in  the  ratio  of  i to  2. 

5.  In  like  manner,  the  fum  of  the  fquares  of  the 
terms  of  fuch  a feiies,  beginning  at  o,  is  to  the  fum 
of  as  many  terms  each  equal  to  the  greatell,  in  the  ratio 
©f  I to  3.  And 

6.  The  fum  of  the  cubes  of  the  terms  of  fiich  a fe- 
ries, is  to  the  fum  of  as  many  times  the  greatetl  term, 
ill  the  ratio  of  i to  4. 
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7.  And  univerfally,  if  every  term  of  fuch  a Progref* 
lion  be  raifed  to  the  m power,  then  the  fum  of  all  thofc 
powers  will  be  to  the  fum  of  as  many  terms  equal  to  the 
greatefl,  in  the  ratio  of  m T i to  i.  That  is, 

the  fum  o -{•  d id  -^d  • /, 

is  to  Z”'  -b  4-  -f  

in  the  ratio  of  i to  m -h  i. 

8.  A fynopfis  of  all  the  theorems,  or  relations,  in 
an  arithmetical  Progreffion,  between  the  extremes  or 
fil'd  and  lad  terra,  the  fum  of  the  feries,  the  number  of 
terms,  and  the  common  difference,  is  as  follows  ; 
viz,  if 

a denote  the  lead  term, 

% the  greated  term, 
d the  common  difference, 
n the  number  of  terms, 

-s  the  fum  of  the  feries; 

then  will  each  of  thefe  five  quantities  be  expreffed  in 
terras  of  the  others,  as  below  : 
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And  mod  of  thefe  expreffions  will  become  much  fim- 
pier  if  the  fird  term  be  o indead  of  a, 

ProGR  EssiON,  is  a feries  of  quantities 
proceeding  in  the  fame  continual  ratio  01  proportion, 
cither  inefeafing  or  decreafing  ; or  it  is  a feries  of  quan- 
tities that  are  continually  proportional  ; or  wliich  iu- 
creafe  by  one  common  multiplier,  or  decreafe  by  one 
common  divifor  ; which  common  multiplier  or  divifor 
is  called  the  common  ratio.  As, 


increafing, 


■)  4>  1^,  16,  &c, 

decreafing,  8 r,  27,  g,  3,  i,  &c ; 

^ where  the  former  progreffion  increafes  contimially  by 
the  common  multiplier  2,  and  the  latter  decreafes  by 
thq_  common  divifor  3. 


Or  afeending,  ra^ 


or  defeendiner  a, 

O'  ‘ 


a 


r‘'ay 

a 


r'^a,  &c. 


a 


&CC  ; 


V/here  the  fird  term  is  rz,  and  common  ratio  r. 

I.  Hence,  the  fame  principal  properties  obtain  in  a 
gepmetrical  Progreffion,  as  have  been  remarked  of  the 
arithmetical  one,  uling  only  rauhiplication  in  the  geo- 
metricals  for  addition  in  the  arithmeticals,  and  di- 
vifion  in  the  former  for  fubtraAion  in  the  latter.  So 
that,  to  condrudl  a geometrical  Frogreffion,  from  any 
gwen  fird  term,  and  with  a given  common  ratio  ; mul- 
tiply the  id  term  continually  by  the  common  ratio,  for 
the  red  of  the  terms  when  the  feries  is  an  afeending  one; 


■ n 


I . d 


7Ii 


or  divide  continually  by  the  common  ratio,  when  it  is  a 
defeending  Progreffion. 

2.  In  every  gecmetrical  Progreffion,  the  produdl  of 
the  extreme  terms,  is  equal  to  the  prodiifl  of  everr 
pair  of  the  intermediate  terms  that  are  equididant  frorn 
the  extremes,  and  alfo  equal  to  the  fquare  of  the  mid- 
ole  tcim  when  there  is  a middle  one^  or  an  uneven  num'< 
her  of  the  term<^. 

Thus,  j,  2,  4,  8,  16, 

16  842  I 


prod.  i6  16  16  16  16 


Alfo 
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r'^\2y 


r^a  r'^a 
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3.  1 he  lad  term  of  a geometrical  Progreffion,  is 
equal  to  the  fird  term  multiplied,  or  divided,  by  the  ra- 
tio raffed  to  tlie  power  whofe  exponent  is  lefs  bv  i thail 
the  number  of  terms  in  the  feries  ; fo  % ~ ar"'  ~ ^ when 

the  feries  is  an  afeending  one,  or  2;  =:  ~^y  when  it 

is  a defeending  Progreffion. 

4.  As  the  fum  of  ail  the  antecedents,  or  all  the 
terras  except  the  lead,  is  to  the  fum  of  all  the  con- 
fequents,_  or  all  the  terms  except  the  greated,  fo  is  i to 
r the  ratio.  For, 


3 


if 
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if  a r a -f-  be  all  except  the  lalb, 

then  ra  -j-  r'^a  + r'^a  + are  all  except  the  hrll; 

where  it  is  evident  that  the  former  is  to  the  latter  as  i to 
r,  or  the  former  multiplied  by  r gives  the  latter.  So 
that,  s denoting  the  lall  term,  a the  firl!:  term,  and  r 
the  ratio,  alfo  j the  film  of  all  the  terms  ; then 

j *-  z : r — ; I : r,  or  j ~ ^ j-  — - . r.  And 

from  this  equation  all  the  relations  among  the  four 
quantities  a,  s,  r,  j,  are  eafily  derived ; fuch  as, 
fz  — a 

s = p ; vrz,  multiply  the  greateft  term  by  the 

ratio,  fubtraft  the  lead  term  from  the  producTr,  then  the 
remainder  divided  by  i lefs  than  the  ratio,  will  give  the 
fum  of  the  feries.  And  if  the  leail  term  a be  o,  vvliich 
happens  when  the  deicending  Progreflion  is  infinitely 

continued,  then  the  fum  is  barely  — As  in  the  in- 

r — I 


finite  Frogreffion  i 


I 

d — ^ &C5  where 


j . . rz  22 

» = I,  and  r = 2,  it  is  j or = — — 2 

r — I 2 — 1 I 

■5.  The  firft  or  lead  term  of  a geometrical  Progref- 
fion,  is  to  the  fum  of  all  the  terms,  as  the  ratio  minus  i, 
to  the  n power  of  the  ratio  minus  1 ; that  is 
— i:r"—  i. 

Other  relations  among  the  five  quantities  r,  ?/,  x, 
where 

a denotes  the  lead  term, 
z the  greated  term, 
the  common  ratio, 

V the  number  of  terms, 
s the  fum  of  the  Progredlon, 

are  as  below  ; viz. 


“-At  - zr  - (r  - i)s 
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n + (r  — i)x 
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s — a 


X — 2, 


body  which,  being  put  into  a violent  mutum  by  an  ex- 
ternal force  impreded  upon  it,  is  difmiifed  from  ths 
agent,  and  left  to  puifue  its  couile.  Such  as  a done 
tnrown  out  of  the  hand  01  a ding,  an  arrow  from  a 
bow,  a ball  from  a gnn,  &c. 

PROJECTILES,  the  fcience  of  the  motion,  veloci- 
ty, flight,  range,  &c,  of  a projedlile  put  into  violent 
motion  by  fomc  external  caufe,  as  the  foice  of  gunpow- 
der, d;c.  liiis  is  the  foundation  of  gunnery,  under 
which  article  may  be  found  all  that  relates  peculiarly  to 
that  branch. 

All  bodies,  being  indifferent  as  to  motion  or  refi, 
will  r.cecd'.irily  continue  the  date  tliey  are  j>ut  into,  ex- 
c.ept  fo  far  as  they  are  hindered,  and  forced  to  chan^'^e 
it  by  feme  new  caufe.  Hence,  a Projedtile,  put  in  mo- 
tion, mud  continue  eternally  to  move  on  in  the  fame 
riglit  line,  and  with  the  fame  uniform  or  condant  ve- 
locity, were  it  to  meet  with  no  teddance  from  the  me- 
dium, nor  had  any  force  of  gravity  to  encounter. 

In  tlic  flrd  cafe,  the  th.eory  of  Projeailes  would  be 
' Cl ^ flmplc  indeed  ; for  tlieie  would  be  notliing'  more 
to  do,  than  to  compute  the  fpace  paffed  over  in  a given 
time  by  a given  condant  velocity  ; or  either  of  tliefe, 
fiom  the  other  two  be  in  o'  oiven. 

o o 

But  by  the  condant  adtion  of  gravity,  tlie  Projec- 
tile is  contiiuiaily  defledled  more  and  more  frona  its 
right-lined  courfe,  and  that  with  an  accelerated  velo- 
city ; which,  being  combined  with  its  Projectile  im- 
puUe,  caules  the  body  to  move  in  a curvilineal  path, 
with  a variable  motion,  whit'-b  path  is  the  curve  of  apa- 
laboui,  as  will  be  proved  below  ^ and  the  determination 
of  the  range,-  time  of  flight,  angle  of  projedion,  and 
variable  velocity,  conditutes  what  is  iifually  meant  by 
the  dodrine  of  Projediles,  in  tlie  common  acceptation 
of  the  woid. 

What  is  faid  above  however,  is  to  be  iinderdood  of 
Projediles  moving  in  a non-redding  medium  ; for 
when  the  I'cd dance  of  the  air  is  alfo  confidered,  which 
IS  enoi  moufly  gi cat,  and  vvnich  veiy  much  impedes  the 
fii  d PiojeCiile  velocity,  the  path  deviates  greatly  from 
the  paiubola,  and  tlie  determination  of  tlie  circ  uni  dances 
of  ns  motion  becomes  one  of  the  mod  complex  and 
difficult  problems  in  nature. 
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And  the  other  values  of  a,  z,  and  r-  arc  to  be  found 
nom  thefc  equations,  viz, 


(x  ~ * z = (x  - ay  - * 

L r — — 

a ~~ 


For  other  forts  of  Progreffions,  fee  Series. 

Projectile,  or  Project,  in  Mechardcs,  is  any 


In  the  fil'd  place  therefore  it  will  be  proper  to  ccnfi- 
der  the  common  dodrine  of  Projediles,  or  that  on  the 
parabolic  theory,  or  as  depending  only  on  the  nature  of 
gravity  and  the  Projedile  motion,  as  abdraded  from 
the  refidance  of  tlie  medium. 

Little  more  than  200  years  ago,  phiiofophers  took 
tlie  line  dclcribid  by  a body  projeded  horizontally, 
fuch  as  a bullet  out  of  a cannon,  vr’hile  tlie  force  of  the 
powdergrcatly  exceeded  the  weight  of  tlie  bullet,  to  be 
a right  line,  after  which  they  allowed  it  became  a curve. 
Nicholas  Tnrtnglia  was  the  fird  who  perceived  the  mif- 
take,  maintaining  that  the  path  of  the  bullet  was  a 
curved  line  through  the  whole  of  its  extent.  But  it  was 
Galileo  who  fird  determined  what  particular  curve  it  is 
that  a I rojtdilc  deferibes  ; fhewing  that  the  path  of  a 
bullet  piojeded  horizontally  from  an  eminence,  was  a 
paraboia  ; the  v’ertex  of  which  is  the  point  where  tlie 
bullet  quits  the  cannon.  And  the  fame  is  proved  ge- 
ncially,  in  the  2d  fedion  following,  when  tlie  projec- 
tion IS  made  in  any  diredlion  wliatever,  viz,  that  the 
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*»  3'  ?.  7.  9.  'I.  «3.,>s  1+  13  X -I  = X 7 = 49. 
And  the  him  of  the  live  terms 

<7,  rtf  4-  ^4  4-  2 A ^ 4-  3^’  ^ + 4-4  is  (^7  4-  All  X 2- 

4.  Hence  alio,  if  the  lirft  term  of  the  Progreffion 
be  o,  the  fum  of  the  feries  will  be  equal  to  half  the 
prodacT:  of  the  lad  term  multiplied  by  the  number  of 
terms  : i.  e.  the  fum  of 


0-\-d  id  4-  3^/  4^  A^d n ^ i ul  ~ \n,7i  — i *4 

where  n is  the  number  of  terms,  fuppofing  o to  be  one 
of  them.  That  is,  in  other  words,  the  fum  of  an 
arithmetical  Frogrefiion,  whether  iinite  ot  infinite, 
whofe  firil  term  is  o,  is  to  the  fum  of  as  many  times 
the  greateft  term,  in  the  ratio  of  i to  2. 

5.  In  like  manner,  the  fum  of  the  fquares  of  the 
terms  of  fuch  a feiies,  beginning  at  o,  is  to  the  fum 
of  as  many  terms  each  equal  to  the  greateli,  in  the  ratio 
©f  I to  3,  And 

6.  The  fum  of  the  cubes  of  the  terms  of  fuch  a fe- 
ries, is  to  the  fum  of  as  many  times  the  greateft  term, 
ill  the  ratio  of  i to  4. 


7.  And  univerfally,  if  every  term  of  fuch  a Progref* 
fion  be  raifed  to  the  m power,  then  the  fum  of  all  thofe 
powers  will  be  to  the  fum  of  as  many  terms  equal  to  the 
greateft,  in  the  ratio  of  ???  4*  i to  i.  That  is, 

the  fum  o + d id  ^d  • /, 

is  to  -p  /ni  _p  /m  /m 

in  the  ratio  of  i to  wz  + i. 

8.  A fynopfis  of  all  the  theorems,  or  relations,  in 
an  arithmetical  Progreffion,  between  the  extremes  or 
firft  and  laft  terra,  the  fum  of  the  feries,  the  number  of 
terms,  and  the  common  difference,  is  as  follows  : 
viz,  if 

a denote  the  leaft  term, 
z the  greateft  term, 
d the  common  difference, 
n the  number  of  terms, 

’S  the  fum  of  the  feries; 

then  will  each  of  thefe  five  quantities  be  expreffed  in 
terras  of  the  others,  as  below  ; 
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And  raoft  of  thefe  expreflions  will  become  much  fim- 
pier  if  the  firft  term  bo  o inftead  of  a. 

Progression,  is  a feries  of  quantities 
proceeding  in  the  fame  continual  ratio  or  proportion, 
either  incfeafmg  or  decreafing  ; or  it  is  a feries  of  quan- 
tities that  are  continually  proportional  ; or  wliich  in- 
creafe  by  one  common  multiplier,  or  decreafe  by  one 
common  divifor  ; which  common  multiplier  or  divifor 
is  called  the  common  ratio.  As, 


increafing,  i 


16, 

i . 


&c, 
&c  ; 


4, 

decreafing,  81,  27,  q,  3, 

where  the  former  progreflion  increafes  contimralJy  by 
the  common  multiplier  2,  and  the  latter  decreafes  by 
tiiq_  common  divifor  3. 

77,  ra^  r'^a,  r^a,  &c, 

nan 

, 


or  divide  continually  by  the  common  ratio,  wlien  it  is  a 
defeending  Progreffion. 

2.  In  every  geometrical  Progreffion,  the  produd  of 
the  extreme  terms,  is  equal  to  the  produft  of  every 
pair  of  the  intermediate  terms  that  are  equidiftant  from 
the  extremes,  and  alfo  equal  to  the  fquare  of  the  raid- 

cle  teim  when  there  is  a middle  one^  or  an  iinev'en  riiiiTi'* 
her  of  the  term‘3. 

8,  16, 

2 I 


Thus, 
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Or  afeending, 


or 


defeending, 


rz, 


&C 


where  the  firft  term  is  a,  and  common  ratio  r. 

I.  Hence,  the  fame  principal  properties  obtain  in  a 
geometrical  Progreffion,  as  have  been  remarked  of  the 
arithmetical  one,  uling  only  multiplication  in  the  geo- 
metricals  for  addition  in  the  anthmeticals,  and  di- 
vifion  in  the  former  for  fubtraftion  in  the  latter.  So 
that,  to  conftru6l  a geometrical  Progreffion,  from  any 
gwen  firft  term,  and  with  a given  common  ratio  ; mul 
tiply  the  ift  term  continually  by  the  common  ratio,  fo 
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the  reft  of  the  terms  when  the  feries  is  an  afeending  one 
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I he  Lift  term  of  a geometrical  Progreffion,  is 
^ term  multiplied,  or  divided,  by  the  ra- 
tio raifed  to  the  power  whofe  exponent  is  lefs  by  i thart 
the  number  of  terms  in  tlie  feries  ; fo  is  — ai'"'  ~ ^ when 

the  feries  is  an  afeending  one,  or  z = when  it 

is  a defeending  Progreffion. 

4.  As  the  fum  of  all  the  antecedents,  or  all  the 
terms  except  the  Icaft,  is  to  the  fum  of  all  the  con- 
fequents,^  or  all  the  terms  except  the  greateft,  fo  is  1 to 
r the  ratio.  For, 

if 
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if  a 7‘a  + r'^a  be  all  except  the  lafr, 

then  ra  r'^d  “h  are  all  except  the  firh; 

where  it  is  evident  that  the  fornner  is  to  the  latter  as  i to 
r,  or  the  former  multiplied  by  r gives  the  latter.  So 
that,  2:  denoting  the  lail  term,  a the  firlt  term,  and  r 
the  ratio,  alfo  s the  fum  of  all  the  terms  ; then 

s ^ z : s ~ ^ ; i : r,  or  j-  — ^ = j-  — - . And 
from  tills  equation  all  the  relations  among  the  four 
quantities  a,  z,  r,  s,  are  eafily  derived;  fuch  as, 
fz  — a . 

^ " Y"  ’ multiply  the  greateft  term  by  the 

ratio,  fubtraft  the  lead  term  from  the  product,  then  the 
remainder  divided  by  i lefs  than  the  ratio,  will  give  the 
fum  of  the  feries.  And  if  the  lead  term  a be  o,  which 
happens  when  the  defeending  ProgreOion  is  infinitely 

continued,  then  the  fum  is  barely  — IP-,  As  in  the  in- 

r — I 


finite  Frogreffion  i -f 


I 

+ — &C5  where 


j . . rz  22 

« =r  I,  and  r = 2,  it  is  j-  or = — — ^ 

r — i 2 — 1 I 

5»  The  full  or  leaf!  term  of  a geometrical  Progref- 
fion,  is  to  the  fum  of  all  the  terms,  as  the  ratio  minus  i, 
to  the  n power  of  the  ratio  minus  1 ; that  is 
a : s ::  r — i:r"—  i. 

Other  relations  among  the  five  quantities  2:,  r,  r, 
where 

c denotes  the  lead  term, 

X the  greated  term, 
r the  common  ratio, 
n the  number  of  terms,. 
s the  fum  of  the  Progrclllon, 

are  as  below  ; viz, 
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And  the  other  values  of 
from  thefe  equations,  viz. 
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For  other  forts  of  Progrefiions,  fee  Series. 
PROJECTILE,  or  Project,  in  Mechanics,  is  any 


boay  which,  being  put  into  a violent  niotum  by  an  ex- 
ternal force  imprefied  upon  it,  is  difmilied  from  th» 
agent,  and  left  lo  puifue  its  couile.  Such  as  a done 
thrown  out  of  the  hand  01  a fimg,  an  arrow  from  a 
bow,  a ball  from  a gun,  &c. 

PROJEC'PILES,  the  fcience  of  the  motion,  veloci- 
ty, flight,  range,  See,  of  a projeAiIe  put  into  violent 
motion  by  fomc  external  eaufe,  Ct  b thefoice  of  gunpow- 
der, <S:c.  1 his  IS  the  founJation  of  gunnerv,  under 

w h ich  ai  tide  may  be  found  ah  that  relates  pecuiiarlv  to 
that  branch. 

All  bodies,  being  indifferent  as  to  motion  or  red, 
V'.  ill  necefi.iriiy  continue  th.e  llate  tliey  are  jnit  into,  ex- 
c.ept  fo  far  as  tliey  arc  hindered,  and  forced  to  chaip'^e 
it  i)y  forne  new  caule.  Hence,  a Frojedtile,  put  in  mo- 
tion, mud  continue  eternally  to  move  on  in  the  fame 
riglit  line,  and  with  the  fame  uniform  or  conftant  ve- 
locity, were  it  to  meet  with  no  lefidance  from  the  me- 
dium, nor  had  any  force  of  gravity  to  encounter. 

In  the  fird  cafe,  the  tlieory  of  Projectiles  would  be 
^ Cl  j fimple  indeeii  ; for  theie  would  be  nothini'**  more 
to  do,  than  to  compiKc  the  fpace  paffeil  over  in  a gis'eu 
time  by  a given  condaut  velocity;  or  either  of  thefe, 
fiom  the  other  two  beinp-  o-iveu. 

o o 

But  by  the  condant  adtion  or  gravity,  the  Projec* 
tile  is  coutiiiiiaily  dededted  more  and  more  froin  its 
right-lined  courfc,  and  that  with  an  accederated  velo- 
city ; which,  being  combined  with  its  Projectile  im- 
puljc,  caiiles  the  body  to  move  in  a cnrvilineal  path, 
with  a variable  motion,  whfrh  path  is  the  curve  of  a pa- 
rabola, as  will  be  proved  below  ; and  the  determination 
of  the  range,-  time  of  flight,  angle  of  projecdion,  and 
variable  velocity,  conditutes  what  is  ufuaily  meant  by 
the  doctrine  of  Projectiles,  in  the  common  acceptation 
of  the  woid. 

What  is  faid  above  however,  is  to  be  iinderdood  of 
Projediles  moving  in  a non-reflding  medium  ; for 
when  the  rcfidance  of  tlie  air  is  alfo  confidercd,  which 
is  eno! moufly  great,  and  vvhicii  veiy  much  impedes  the 
fii  d liojeCtile  vtdocity,  the  path  deviates  greatlv  from 
the  paiabola,  and  tlie  determination  of  tlie  circumdanccs 
of  us  motion  becomes  one  of  the  moll  complex  and 
difficult  problems  in  nature. 

In  the  fird  place  therefore  it  will  be  proper  to  cenfi- 
der  the  common  doarine  of  Projectiles,  or  that  on  the 
parabolic  theory,  or  as  depending  only  on  the  nature  of 
gravity  and  the  Projcaile  motion,  as  abdraaed  from 
the  relidance  of  tlie  medium. 

Little  moie  than  200  years  ago,  philofophers  took 
the  line  deferibrd  by  a l>ody  prqjeaed  horizontally, 
fuch  as  a bullet  out  of  a cannon,  while  the  force  of  the 
powder  greatly  exceeded  the  weight  of  tlie  bullet,  to  be 
a right  line,  after  which  they  allowed  it  became  a curve. 
Nicholas  Tartnglia  was  the  fird  who  perceived  the  mif- 
takc,  maintaining  that  the  path  of  the  bullet  was  a 
curved  line  through  the  whole  of  its  extent.  But  it  was 
(lalileo  who  fird  determined  what  particular  curve  it  is 
that  a Projcaile  deferibes ; fhewing  that  the  path  of  a 
bullet  projeded  horizontally  from  an  eminence,  was  a 
paraboia  ; the  vertex  of  wliich  is  the  point  where  the 
bullet  quits  che  cannon.  And  the  fame  is  proved  ge- 
nyially,  m the  2d  fedion  following,  when  the  projec- 
tion is  made  in  any  ciircaion  whatever,  viz,  that  the 
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curve  h always  a parabola.,  luppoiing 
17}  a non-refjilin^  medium. 

O 


tbc  fiody  moves 


T'/je  La'Ws  of  the  Motion  ^Projfctilf.  s. 

I.  If  a heavy  body  be  projebled  perpendicularly,  it  will 
continue  to  alcend  or  deicend  perpendicularly ; be- 
caiiie  both  the  prorefting  and  the  gravitating  force  are 
round  in  the  fame  line  oi  diredlion. 

IL  If  a body  be  projefted  in  free  fpace,  either  pa- 
rallel to  the  horizon,  or  in  any  oblique  diredlion  ; it 
will,  by  this  motion,  in  conjundiion  with  the  ablion  of 
giavity,  deicribethe  curve  line  of  a parabola. 


Tor  let  the  body  be  projedfed  from  A,  in  tlie  direc- 
tion AD,  with  any  uniform  velocity  ; then  in  any  equal 
portions  of  time  it  would,  by  that  impulfe  alone,  deferibe 
the  equal  fpace?  A B,  BC,  CD,  &c,  in  the  line  AD, 
if  it  were  not  drawn  continually  down  below  that  line  by 
the  adlionof  gravity.  Draw  BE,  CF,  DG,  &c,  in  the 
diredlion  of  gravity,  or  perpendicular  to  the  horizon  ; 
and  take  BE,  CF,  DG,  &;c,  equal  to  the  fpaces 
through  which  the  body  would  defeend  by  its  gravity 
in  the  fame  times  in  which  it  would  uniformly  pafs  over 
the  fpaces  AB,  AC,  AD,  &c,  by  the  Frojediile  mo- 
tion. Then,  fince  by  thefe  motions,  the  body  is  car- 
ried over  the  fpace  AB  in  the  fame  time  as  the  fpace 

BE,  and  the  fpace  xAC  in  the  fame  time  as  the  fpace 

CF,  and  the  fpace  AD  in  the  fame  time  as  the  fpace 

DG,  &c  ; therefore,  by  the  cornpofitiori  of  motions, 
at  the  end  of  thofe  times  the  body  will  be  found  re- 
fpedtively  in  the  points  E,  F,  G,  &c,  and  confequendy 
the  real  path  of  the  Projedlile  will  be  the  curve  line 
AEFG  &c.  But  the  fpaccs  AB,  AC,  AD,  &:c, 
beino-  deferibed  by  uniform  motion,  are  as  the  times  of 
defeription  ; and  the  fpaces  BE,  CF,  DG,  &c,  de- 
feribed in  the  fame  times  by  the  accelerating  force  of 
gravity,  are  as  the  fquares  of  the  times  ; confequently 
the  perpendicular  'defeents  are  as  the  fquares  of  the 
ipaces  in  AD, 

that  is  - - - be,  CF,  DG,  &C;, 

are  refpedtively  proportional  to  AB^,  AC^,  AD^,  &c, 

which  is  the  fame  as  the  property  of  the  parabola. 
Therefore  the  path  of  the  Frojeflile  is  the  parabolic- 
line  AEFG  &c,  to  which  AD  is  a tangent  at  the 
point  A. 

Hence,  i . The  horizontal  velocity  of  a Projedtile 
is  always  the  fame  conftant  quantity,  in  every  point  or 
the  curve  \ becaufe  the  horizontal  motion  i%  in  a con- 
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ftant  ratio  to  the  motion  in  AD,  which  Is  the  unifonn  i i, 
Projedile  motion  ; viz,  the  conhant  horizontal  velocity 
being  to  the  Projedlile  velocity,  as  radius  to  the  cofinc 
of  the  angle  DAH,  or  angle  of  elevation  or  depref-  ( 
fion  of  the  piece  above  or  below  the  horizontal  line 
AH. 

2.  The  velocity  of  the  Projectile  in  the  diredllon  of 
the  curve,  or  of  Its  tangent,  at  any  point  A,  Is  as  the  c 
fecant  of  its  angle  BAI  of  diredtion  above  the  horizon.  ; 
For  the  motion  in  the  horizontal  diredllon  AI  being  ^ 
conftant,  and  AI  being  to  AB  as  radius  to  the  fecant  [. 
of  the  angle  A ; therefore  the  motion  at  A,  in  AB,  is  . 
as  the  fecant  of  the  angle  A. 

3.  The  velocity  in  the  diredlion  DG  of  gravity,  or 
perpendicular  to  the  horizon,  at  any  point  G of  tlie 
curve,  is  to  the  firft  uniform  Projeftile  velocity  at  A, 
aszGDto  AD.  For  the  time-s  of  defcribiiig  AD  and  ' 
DG  being  equal,  and  the  velocity  acquired  by  freely 
defeending  through  DG  being  fuch  as  would  carry  tlie  ; 
body  uniformly  over  twice  DG  in  an  equal  time,  and 
the  fpaces  deferibed  with  uniform  motions  being  as  the 
velocities,  it  follows  that  the  fpace  AD  is  to  the  fpace. 
2DG,  as  the  ProjedBle  velocity  at  A is  to  the  pcrpeii-  t 
dicular  velocity  at  G. 

HI.  The  velocity  in  the  diredllon  of  the  curve,  at  ! 
any  point  of  it,  as,  A,  is  equal  to  that  wln’ch  is  gene- 
rated by  gravity  in  freely  defeending  through  a fpace  : 
which  Is  equal  to  one-fourth  of  the  parameter  of  the  ' 
diameter  to  the  parabola  at  that  point,  ! 


Let  FA  or  AB  be  the  height  due  to  the  velocity  of 
the  Projedllle  at  any  point  A,  in  the  diredlion  of  the  - 
curve  or  tangent  AC,  or  the  velocity  acquired  by  1 
falling  through  that  height  ; and  complete  the  paral-  1 
lelogram  ACDB.  Then  is  CD  = AB  or  AP  the 
height  due  to  the  velocity  in  the  curve  at  A ; and  CD 
is  alio  the  Iseiglit  due  to  the  perpendicular  velocity  at 
D,  which  will  therefore  be  equal  to  the  former  : but, 
by  the  lail  corollary,  the  velocity  at  A is  to  the  per- 
pendicular velocity  at  D,  as  AC  to  2CD  ; and  as  thefe 
velocities  are  equal,  therefore  AC  or  BD  is  equal  to 
zCD  or  2 AB  ; and  hence  AB  orA.P  is  equalto 
orl  of  the  parameter  of  the  diameter  AB  by  the  nature 
of  the  parabola. 

Hence,  r.  If  through  the  point  P,  the  line  PL.be 
drawn  perpendicular  to  AP  ; then  the  velocity  in  the 
curve  at  every  point,  wall  be  equal  to  the  velocity  ac- 
quired by  falling  through  the  perpendicular  dlifance 

ot 


PRO 


[ 289  ]•  PRO 


of  the  point  from  the  faid  line  PL  ; that  Is,  a body 
failing  freely  through 

PA,  acquires  the  velocity  In  the  curve  at  A, 

EF,  - - - at  F, 

KD,  ...  at  D, 

LH,  • - - at  H. 

The  reafon  of  which  Is,  that  the  line  PL  is  what  Is 
called  the  Diredfrlx  of  the  parabola,  the  property  of 
which  Is,  that  the  perpendicular  to  it,  from  every  point 
of  the  curve,  is  equal  to  one -fourth  of  the  parameter  of 
the  diameter  at  that  point,  viz, 

PA  ~ I the  parameter  of  the  diameter  at  A, 

EF  = - . . at  F, 

KD  = • - - at  D, 

LH  = - - - at  H. 

2.  If  a body,  after  falling  through  the  height  PA, 
which  Is  equal  to  AB,  and  when  it  arrives  at  A if  it-s 
conrfe  be  changed,  by  reflection  from  a firm  plane  AI, 
or  otherwife,  into  any  direftion  AC,  without  altering 
the  velocity  ; and  if  AC  be  taken  equal  to  zAP  or 
CxAB,  and  the  parallelogram  be  completed  ; the  body 
will  defcribe  the  parabola  palling  through  the  point  D. 

3.  Becaufe  AC  = ixAB  or  zCD  orzAP,  therefore 
AC“  = 2AP.2CD  or  AP.4CD;  and  becaufe  all 
the  perpenc^iculars  EF,  CD,  GH  are  as  AbP,  AC% 
AG^;  therefore  alfo  AP»  qEF" AFA,and  AP.qCIFI  2= 
AG*,  &c,;  and  becaufe  the  redangle  of  the  extremes  is 
equal  to  the  rcdangle  of  the  means,  of  four  propor- 
tionals, therefore  It  is  always, 

AP  : AE  : : AE  : 4EF, 
and  AP  : AC  : : AC  : 4CD, 
and  AP  ; AG  : ; AG  : 4GH, 
and  fo  on. 

IV.  Having  given  theDiredion  of  a Projcdile,  and 
the  Impetus  or  Altitude  due  to  the  firil  velocity  ; to 
determine  the  Greatell  Height  to  wliich  it  will  rife, 
and  the  Fvandom  or  Horizontal  Range. 


Let  AP  be  the  height  due  to  the  Projedlle  velocity 
at  A,  or  the  height  which  a body  mull  fall  to  acquire 
the  fame  velocity  as  the  projcdile  has  in  the  curve  at 
A ; alfo  AG  the  diredion,  and  AH  the  horizon.  Upon 
AG  let  falFthe  perpendicular  PQ,  and  on  AP  the  per- 
pendicular QJ^  ; fo  lhall  AR  be  equal  to  the  greatell 
altitude  CV,  and  4RQ__cqual  to  the  horizontal  range 
AH.  Or,  having  drawn  PQ_^  perpendicular  to  AG, 
take  AG  — 4AQ,  and  draw  GH  perpendicular  to 
AH  ; then  AH  is  the  range.' 

For  by  the  laft  cor.  - - - AP  i AG  : : AG  : 4GH^ 
and byhm. triangles,  - - - AP  : AG  ::  AQ^:  GH, 

or  AP  : AG:;4AQj4GH; 


therefore  AG  =1  4AQJ  and,by  fimllar  triangles,  AH  . 

— 4^0^ 

Alfo,  if  V be  the  vertex  of  the  .parabola,  then  AB  or 
4AG  ==  zAQ^or  AQjrr  QB  ; confequently  AR 
BV  which  Is  = CV  by  the  nature  of  the  parabola. 

Hence,  i.  Becaufe  the  angle  Is  a right  angle, 
vv  hich  is  the  angle  in  a femicircle,  therefore  If  upon  AP 
as  a diameter  a femicircle  be  deferibed,  it  will  pafs 
through  the  point 


2.  If  the  Horizontal  Range  and  the  Projedlle  Velo- 
city be  given,  the  Diredlion  of  the  piece  fo  as  to  hit 
the  objed  FI  will  be  thus  cafily  found:  Take  AD  e±: 
FAFI,  and  draw  DQ  perpendicular  to  AH,  meeting 
the  femicircle  deferibed  on  the  diameter  AP  In  Qjrnd 
q ; then  either  AQjor  Ay  will  be  the  diredion  of  the 
piece.  And  hence  It  appears,  that  there  are  two  dl- 
redions  AB  and  Ab  which,  with  the  fame  Projedlle 
velocity,  give  the  very  fame  horizontal  range  AH; 
and  thefc  two  diredions  make  equal  angles  yAD  and 
QAP  with  AH  and  AP,  becaufe  the  arc  PQ^^Is  equal 
to  the  arc  Ay. 

3.  Or  If  the  Range  AH  and  Diredion  AB  be  given  ; 
to  find  the  Altitude  and  Velocity  or  Impetus  : Take 
AD  = F AH,  and  ered  the  perpendicular  DQ^meeting 
AB  in  Q_;  fo  Ifiall  DQ_be  equal  to  the  greatell  alti- 
tude CV.  Alfo  ered  AP  perpendicular  to  AH,  and 

to  AQ^j  fo  lhall  AP  be  the  height  due  to  the  velo- 
city. 

4.  W ben  the  body  Is  projeded  with  the  fame  velo- 
city, but  in  different  diredions;  the  horizontal  ranges 
AH  will  be  as  the  fines  of  double  the  angles  of  elevation. 
Or,  which  Is  the  fame  thing,  as  the  redlangle  of  the 
line  and  cofine  of  elevation.  For  AD  or  RQ,  which 
Is  iAH,  Is  the  fine  of  the  arc  AQ^  which  mcafurea 
double  the  angle  QAD  of  elevation. 

And  when  the  diredion  is  the  fame,  but  the  velo- 
cities different,  the  horizontal  ranges  are  as  the  fqiiarc 
of  the  velocities,  or  as  the  height  AP  which  is  as  the 
fquare  of  the  velocity  ; for  the  fine  AD  or  RQ.,  or 
FAH,  is  as  the  radius,  or  as  the  diameter  AP 

Therefore,  when  both  are  different,  the  ranges  arc 
in  the  compound  ratio  of  the  fquares  of  the  velocities, 
and  the  fines  of  double  the  angles  of  elevation. 

5.  The  greatell  range  is  when  the  angle  of  elevatloa 
IHialf  a right  angle,  or  45®.  For  the  double  of  45  Ig 
90°,  which  has  the  greatell  fine.  Or  the  radius  OS, 
whi  ch  is  F of  the  range,  is  the  greatell  fine. 

And  hence  the  greatell  range,  or  that  at  an  elevation 
of  45°,  is  jull  double  the  altitude  AP  which  is  due  to, 
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tlie  velocity.  Or  equal  to  4VC.  Aiul  confequently,  in 
that  cafe,  C is  the  focus  of  the  parabola,  and  AH  its 
parameter. 

And  the  ranges  are  equal  at  angles  equally  above  and 
below  45°. 

6.  When  the  elevation  is  15°,  the  double  of  which, 
or  30°,  having  its  fine  equal  to  half  the  radius,  confe* 
quently  Its  range  will  be  equal  to  AP,  or  halt  the  greatell 
range  at  ihe  elevation  of  45°  ; that  is,  the  range  at 
I;”  is  equal  to  tlie  Impetus  or  height  due  to  the  pro- 
jedlile  velocity. 

7.  The  greatefl  altitude  CV,  being  equal  to  AR,  is 
as  the  verled  line  of  double  the  angle  of  elevation,  and 
alio  as  AP  or  the  fquare  of  the  velocity.  Or  as  the 
fquare  of  the  fine  of  elevation,  and  the  fquare  of  the 
velocity  ; for  the  fquare  of  the  fine  Is  as  the  verfed  fine 
of  the  double  angle. 

8.  The  time  of  flight  of  the  projedlile,  which  is 
equal  to  the  time  of  a body  falling  freely  through  GH 
or  4CV5  4 times  the  altitude.  Is  therefore  as  the  fquare 
root  of  the  altitude,  or  as  the  projeftilc  velocity  and 
fine  of  the  elevation, 

9.  Amd  hence  may  be  deduced  the  following  fet  of 
theorems,  for  Hndlrig  all  the  circumllanccs  relating  to 
projedliles  on  horizontal  planes,  having  any  two  of  thgoi 
given.  Thus,  let 

s^c,  tzz.  fine,  cofine,  and  tang,  of  elevation, 

8,-1;=::  fine  and  verf.  of  double  the  elevati'on, 

R the  horizontal  range,  T the  time  of  flight,  V the 
projedlile  velocity,  H the  greatefi:  height  of  the  pro- 
jedlile,  g ~ 16  A feet,  and  a ==  the  impetus  or  the 
altitude  due  to  the  velocity  V.  Then, 


By  the  lafl  prop,  find  the  horizontal  range  API 
the  given  velocity  and  diredf  ion  ; draw  HE  perpendicu** 
lar  to  API  meeting  the  oblique  plane  in  E ; draw  EF 
parallel  to  the  diredlipn  AG,  Rnd  FI  parallel  to  HE  ; 
fo  fhall  the  projeHile  pafs  through  I,  and  the  range  on 
the  oblique  plane  will  be  AI.  This  is* evident  from 
prob.  17  of  the  Parabola  in  my  tieatife  on  Conic  Sec- 
tions, where  it  is  proved,  that  if  AH,  Al  be  any  two 
lines  terminated  at  the  curve,  and  IF,  HE  be  parallel  ts^ 
the  axis  j then  is  EF  parallel  to  the  tangent  AG. 
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And  from  any  of  thefe,  the  angle  of  diredlion  may 
be  found, 

V.  To  determine  the  Range  on  an  oblique  plane  ; 
having  given  the  Impetus  or  the  Velocity,  and  the 
Angle  of  Diredtion. 

Let  AE  be  the  oblique  plane,  at  a given  angle  above 
or  below  the  horizontal  plane  AH  ; AG  the  direction 
of  the  piece  ; and  AP  the  altitude  due  to  the  proje^ftile 
velo;.ity  at  A. 


Hence,  i.  If  AO  be  drawn  perpendicular  to  the 
plane  AI,  and  AP  be  bifedted  by  the  perpendicular 
STO ; then  with  the  centre  O deferibing  a circle 
through  A and  P,  the  fame  will  alfo  pafs  through  y, 
becauTe  the  angle  GAI,  formed  by  the  tangent  AG 
and  A I,  is  equal  to  the  angle  APy,  which  will  there- 
fore Hand  upon  the  fame  arc  Ay. 

2.  If  thei'e  be  given  the  Range  and  Velocity,  or  the 

Impetus,  the  Diredlion  will  then  be  eafily  found  thus  i 
Take  AI’  = ^AI,  draw'^  kq  perpendicular  to  AH,  meet- 
ing the  circle  deferibed  witll  the  radius  AO  in  two  i 

points  y and  y ; then  Ay  or  Ay  will  be  the  diredlion  of  ' 

the  piece.  And  hence  it  appears  that  there  are  two 
drredlions,  which,  with  the  fame  impetus,  give  the  very 
fame  range  Al,  on  the  oblique  plane.  And  thefe  two—  4 
directions  make  equal  angles  with  AI  and  AP,  the  plane 
and  the  perpendicular,  becaufe  the  arc  Py  ~ the  arc  | 
Ay.  They  alfo  make  equal  angles  with  a line  drawn 
from  A through  S,  becaufe  the  arc  Sy  the  arc  Sy. 

3.  Or,  if  there  be  given  the  Range  AI,  and  the 

Liredlion  Ay  ; to  find  the  Velocity  or  Impetus.  Take  ' 

Ak  = 4AI,  and  eredt  iq  perpendicular  to  AH  meet-  [ 

ing  the  line  of  direction  in  q ; then  draw  yP  making  the 
angle  AyP  = the  angle  Aiy  ; fo  fliall  AP  be  the  impe-  | 
tus,  or  altitude  due  to  the  projedtile  velocity...  j 

4.  The  range  on  -an  oblique  plane,  with  a given 
elevation,  is  diredtly  as  the  redlangle  of  the  cofine  of 
the  direction  of  the  piece  above  the  horizon  and  the  j 
fine  of  the  diredtion  above  the  oblique  plane,  and  reci- 
procally as  the  fquare  of  the  cofine  of  the  angle  of  the  | 
plane  above  or  below  the  liorizon. 
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For  put  s = fin.  Z.  or  AP^', 

c = cof.  Z.  or  fin,  PA 7, 

C = cof.  Z.  I AH  or  fm.  Al’d  or  A^q  or  A^P, 
Then,inthetri.  AP^,  - - - C : j-  : : AP  : Ag, 
and  in  the  tri.  Akq^  - - - C : r ; : Aq  : Ak^ 
therefore  by  compof.  - - - : cj-  ::  AP 


Ak  = lAI. 


So  that  the  oblique  range  AX 


cs 


X 4AP. 


when 


Ak 

,1, 


13 


the 


Flence  the  range  is  the  greatefi; 
greateft,  that  is  when  hq  touches  the  circle  in  the 
middle  point  S,  and  then  the  line  of  diredlion  pafl'es 
through  Sj  and  biiedls  the  angle  forn.cd  by  the  obhque 
plane  and  the  vertex.  Alfo  the  ranges  are  equal  at 
equal  angles  above  and  below  this  direction  for  the 
maximum. 

5.  The  greatefi;  he  ight  cv  or  hq  of  the  projedlile, 

above  the  plane,  is  equal  to  — x AP.  And  there- 

fore  it  is  as  the  Impetus  and  fqna’*e  of  the  fine  of  direc- 
tion above  the  plane  direfth’-,  and  fqnare  of  the  cofine 
of  the  plane’s  inclination  reciprocally. 

For  C (fin.  AfP)  ; i (fin.  APy)  : : AP  : A^, 
and  C (fin.  Acy)  : .r  (fin.  hhq) 
therefore  by  comp.  : P : : AP 

6.  The  time  of  fiicrht  in  the 

2 J'  A P 

-A-  k/ , where  ^ = i6j\  feet.  And  therefore  it  is 

as  the  velocity  and  fine  of  direction  above  the  plane 
di’edtly,  and  cofine  of  the  plane’s  inclination  recipro- 
cally. For  the  time  of  deferibing  the  curve,  is  equal  to 

the  time  of  falling  freely  through  GI  or  or 


Ay 
kq. 
curve 


/•y, 


Ai>I  is 


X 


AP. 

the  diflance,  1^ g : 


Therefore,  the  time  being  as  the  fquare  root  of 
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V ■ 


./AP 
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time  of  flight. 

7.  From  the  foregoing  corollaries  may  be  colledted 
the  following  fet  of  theorems,  relating  to  projedts  made 
on  any  given  Inclined  planes,  either  above  or  below  the 
horizontal  plane.  In  w'hieh  the  letters  denote  as  before, 
namely, 

c — cof.  of  dlredfion  above  the  horizon, 

C — cof.  of  inclination  of  the  plane, 

/ ” fin.  of  dlredlion  above  the  plane, 

R the  range  on  the  oblique  plane, 
the  time  of  flight, 
the  projcCfile  velocity, 
the  greatefi:  height  above  the  plane, 
the  impetus,  or  alt.  due  to  tlie  velocity  V, 
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And  from  any  of  thefc,  the  angle  of  dircdion  may  be 
found. 


on  tje 


Of  the  Path  y/ Pr ojec tiles  as  dependir 
Kejijlance  oj  the  Air. 

For  a long  time  after  Galileo,  plu'lofophcrs  feemed 
to  be  fatished  with  tlie  parabolic  theory  of  Projectiles, 
d *cming  the  effect:  of  the  aii’s  refillance  on  the  path  as 
of  no  cor.fequence.  In  procefs  of  time,  however,  as 
the  true  philofophy  began  to  dawn,-  they  began  to 
fufpect  that  the  refifi.ance  of  the  medium  miglit 
have  fome  effect:  upon  the  ProjeCfile  curve,  and  tliey 
fet  theinfoives  to  confider  this  fubject  with  fome  at- 
tention. 

Huygens,  fuppofing  that  the  refifiance  of  the  air  was 
proportional  to  tlie  velocity  of  the  moving  body,  con- 
cluded that  the  line' deferibed  by  it  would  be  a kind 
of  logarithmic  curve. 

Put  I'lowton,  lidviug  clearly  proved,  tliat  the  rc- 
fifiance  to  the  body  is  not  proportional  to  the  velo- 
city itfclf,  but  to  the  fquare  of  it,  fnews,  in  liis 
Principia,  tliat  the  line  a Projeefile  deferibes,  ap- 
proaches nearer  to  an  liypeibola  than  a paiabola. 
Scliol.  prop.  10,  hb.  2.  Thus,  if  AGT  be  a curve  of 


the  hyperbolic  kind,  one  of  whofe  afymptotes  i? 
N\,  perpendicular  to  the  horizon  AK,  and  the  other 
IXJnclincd  to  the  fame,  where  \'G  is  reciprocally 
as  DN'^,  whofe  index  is  « ; this  curve  will  nearer  re- 
prelcnt  tlie  path  of  a Projedfile  thrown  in  the  di- 
redtion  AH  in  the  air,  than  a parabola.  Newton 
indeed  fays,  that  thefe  hyperbolas  are  not  accurately 
the  curves  tliat  a Projedlile  makes  in  the  air ; for 
the  true  ones  aie  curves  wliich  about  tlie  vertex  are 
more  difiaiit  from  the  afymptotes,  and  in  the  parts 
remote  from  the  axis  approach  nearer  to  the  afymp- 
totes than  thefe  hyperbolas  ; but  that  in  pradfice 
thefc  hypeiholas  may  he  ufed  inftead  of  thole  more 
compounded  ones.  And  If  a body  be  projedfced  from 
A,  in  tlie  right  line  AFI,  and  A I be  drawn  paral- 
lel to  tlie  afymptoLe  NX,  and  GT  a tangent  to  the 
curve  at  the  vertex : Tlien  the  denfity  of  the  me- 
dium ill  A will  be  reciprocally  as  the  tangent  AH, 

AlP 

and  the  body’s  velocity  will  be  as  and  the 

refifiance  of  the  medium  will  be  to  gravity, 


as 


AH  to 
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M.  John  GernoiiIIi  confirudlcd  this  curve  by  means 
of  the  quadrature  of  fome  tranfeen denial  curves,  at  |he 
P 2 requeil 
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reqheH;  of  Dp.  Keil,  who  propofed  this  problem  to 
him  in  1718.  It  was  alfo  I'efolved  by  Dr.  Taylor; 
and  another  folution  of  it  may  be  found  in  Her- 
mann’s Phoronomia, 

The  commentators  Le  Sleur  and  Jacqiiier  fay,  that 
the  defeription  of  the  curve  in  which  a Frojedlile 
moves,  is  fo  very  perplexed,  that  it  can  fcarcely  be 
expefted  any  dedudtioii  fiioiild  be  made  from  it, 
either  to  philofophical  or  mechanical  purpofes  : vol. 
2.  pa.  I 1 8. 

Dan.  Bernoulli  too  proved,  that  the  rcfiflance  of 
the  air  has  a very  great  efledt  on  fvvift  motions,  fuch 
as  thofe  of  cannon  ihot.  He  concludes  from  expe- 
riment, that  a ball  which  afeended  only  78 19  feet 
in  the  air,  would  have  afeended  58750  feet  in  vacuo, 
being  near  eight  times  as  high.  Comment.  Acad.  Petr, 
tom.  2. 

M.  Euler  has  farther  invefligaled  the  nature  of 
this  curve,  and  direHed  the  calculation  and  ufe  of  a 
number  of  tables  for  the  folution  of  all  cafes  that 
occur  in  gunnery,  vvliicli  may  be  accompliflied  with 
nearly  as  much  expedition  as  by  the  common  para- 
bolic principles.  Memoirs  of  the  Academy  of  Ber- 
Un,  for  the  year  1753. 

But  how  rafli  and  erroneous  the  old  opinion  of  the 
inconiiderable  refiflance  of  the  air  is,  will  eafily  ap- 
pear from  the  experiments  of  Mr.  Robins,  who  has 
thewn  that,  in  iome  cafes,  this  refillance  to  a cannon 
ball,  amounts  to  more  than  20  times  the  weight  of 
the  ball ; and  I myfelf,  having  profecuted  this  Tub- 
jetfl  far  beyond  any  former  example,  have  fometimes 
found  this  refidance  a'mount  to  near  100  times  the 
weight  of  the  ball,  viz,  when  it  moved  with  a velo- 
city of  2000  feet  per  fecond,  which  is  a rate  of  al- 
mcll  23  miles  in  a minute.  What  errors  then  may 
not  be  expected  from  an  hypothefis  which  neglefts  this 
force,  as  inconhderable  ! Indeed  it  is  eafy  to  fhew, 
that  the  path  of  fuch  ProjeHiles  is  neither  a para- 
bola nor  nearly  a parabola.  For,  by  that  theory,  if 

the  ball,  in  the  inltance  laft  mentioned,  flew  in  the 
curve  of  a parabola,  its  honlzontal  range,  at  45°  ele- 
vation, will  be  found  to  be  almoll  24  miles  ; where- 
as it  often  happens  that  the  ball,  with  fuch  a velo- 
city, ranges  far  Ihort  of  even  one  mile. 

Indeed  the  falfenefs  of  this  hypothefis  almoft  appears 
at  fight^  even  in  ProjeHiles  flow  enough  to  have 
their  motion  traced  by  the  eye  ; for  they  are  feen 
to  defeend  through  a curve  manifelUy  flaorter  and 
more  inclined  to  the  horizon  than  that  in  which 

they  afeended,  and  the  higheft  point  of  their  flight, 

or  the  vertex  of  the  curve,  is  much  nearer  to  the 
place  wEere  they  fall  cn  the  ground,  than  to  that 
from  whence  they  w^ere  at  firft  difeharged.  Thefe 
things  cannot  for  a moment  be  doubted  of  by  any 
cne,  who  in  a proper  fituation  views  the  flight  of 
flones,  arrows,  of  fliells,,  thrown  to  any  confiderable 
diflance. 

Mr.  Robins  has  not  only  detedled  the  errors  of 
the  parabolic  theory  of  gunnery,  which  takes  no  ac- 
count of  the  refiflance  of  the  air,  but  fhews  how  to 
compute  the  real  range  of  refiftcd  bodies.  But  for 
the  method  which  he  propofes,  and  the  tables  he  has 
>c^puted  ihr  this  purpofe,  fee  hisTrads  of  Gunnery, 


pa.  I S3,  Sic,  vol.  I ; and  alfo  Euler’s  Commentary  on 
the' fame,  tranflated  by  Mr.  Hugh  Brown,  in  1777. 

There  is  an  odd  circumflance  which  often  takes 
place  in  the  motion  of  bodies  projedled  with  con- 
flderable  force,  which  fliews  tlie  great  com.plication 
and  difficulty  of  this  fubjedt ; namely,  that  bullets  in 
their  flight  are  not  only  depreffed  beneath  their  ori- 
ginal diredlion  by  the  adtion  of  gravity,  but  arc  alfo 
frequently  driven  to  the  right  or  left  of  that  direc- 
tion by  the  aftion  of  fome  other  force. 

Now  if  it  Vv'-ere  true  that  bullets  varied  their  di- 
redfion  by  the  adlion  of  gravity  only,  then  it  ought 
to  happen  that  the  errors  in  their  flight  to  the  right 
or  left  of  the  mark  thev  were  aimed  at,  fhouid  increafe 
in  the  proportion  of  the  diftance  of  the  mark  from 
the  piece  only.  But  Biis  is  contrary  to  all  expe- 
rience; the  lame  piece  which  will  carry  its  bullet 
within  an  inch  of  the  intended  mark,  at  10  yards 
dillance,  cannot  be  relied  on  to  xo  inches  In  100 
yards,  much  lefs  to  30  in  300  yards. 

And  this  inequality  can  only  arife  from  the  track 
of  the  bullet  being  incurvated  Tideways  as  well  as 
downwards  ; for  by  this  means  the  diftance  between 
the  incurvated  line  and  the  line  of  diredfion,  will 
increafe  in  a inuch  greater  ratio  than  that  of  the 
diftance  ; thefe  lines  coinciding  at  the  mouth  of  the 
piece,  and  afterwards  feparating  in  the  manner  of  a 
curve  from  its  tangent,  if  the  mouth  of  the  piece 
be  confidered  as  the  point  of  contadf. 

T-'his  is  put  beyond  a doubt  from  the  experiments 
made  by  Mr.  Robins;  who  found  alfo  that  the,di^'t;c- 
tion  of  the  fhot  in  the  perpendicular  line  was  not  lefs 
uncertain,  failing  fometimes  200  yards  fhort  of  what 
it  did  at  other  times,  although  there  was  no  vifible 
caufe  of  difference  in  making  the  experiment.  And  I 
myfelf  have  often  experienced  a difference  of  one-fifth 
or  one-fixth  of  the  whole  range,  both  in  the  defledtion 
to  the  right  or  left,  and  alfo  in  the  extent  of  the  range, 
of  cannon  fhot. 

If  it  be  afked,  what  can  be  the  caufe  of  a motion  fo 
different  from  what  has  been  hitherto  fuppofed  ? It  may 
be  anfwered,  that  the  defledlion  in  queftion  mufl  be 
owing  to  fome  power  adfing  obliquely  to  the  progreffive 
motion  of  the  body,  which  power  can  be  no  other  than 
the  refiftarree  of  the  air.  And  this  refiftance  may  per- 
haps att  obliquely  to  the  progreffive  motion  of  the  body, 
from  inequalities  In  the  refifted  fiirface  ; but  its  general 
caufe  is  doubtlefs  a whirling  motion  acquired  by  the 
bullet  about  an  axis,  by  its  fridtion  againft;  the  fides  of- 
the  piece  ; for  by  this  motion  of  rotation,  combined 
with  the  progreffive  motion,  each  part  of  the  ball’s  fur- 
face  will  ftrike  the  air  in  a dirediion  very  different  from 
what  It  would  do  if  there  was  no  fuch  whirl  ; and  the 
obliquity  of  the  aftion  of  the  air,  arifing  from  this 
caufe,  will  be  greater>  according  as  the  rotatory  motion 
of  the  bullet  is  greater  in.  proportion  to  its  progreffive 
motion^  Tradls,  vol.  i,  p.  149,  &c. 

M.  Euler,,  on  the  contrary,  attributes  this  defle£Iion. 
of  the  ball  to  its  figure,  and  very  little  to  its  rotation  ; 
for  if  the  ball  was  perfedlly  round,  though  its  centre  of 
gravity  did  not  coincide,  the  defledfion  from  the  axis  of 
the  cylinder,  or  line  of  diredlion  fideways,  would  be 
very  inconfiderable.  But  when,  It  is  not  round;  it  will 
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generally  go  to  the  right  or  left  of  its  dircdion,  and  fo 
much  the  more,  as  its  range  is  greater.  From  his  jea- 
foning  on  this  fubjedl  he  infers,  that  cannon  fhot,  which 
are  made  of  iron,  and  rounder  and  lefs  fufceptible  of  a 
change  of  figure  in  paffing  along  the  cylinder^than  thofe 
of  lead,  are  more  certain  than  mufKet  fliot.  True  Prin- 
ciples of  Gunnery  inveftigated,  1777,  p.  304,  &c.^ 

PROJhCTION,  in  Mechanics,  the  a£l  of  giving 
a projedile  its  motion. 

If  the  direddon  of  the  force,  by  which  the  pro- 
jedlile  is  put  in  motion,  be  perpendicular  to  the  horizon, 
the  Projedtion  is  faid  to  be  perpendicular;  if  parallel  to 
the  apparent  horizon,  it  is  faid  to  be  an  horizontal  Pro- 
jedtion ; and  if  it  make  an  oblique  angle  with  the  hori- 
zon, the  Projedtion  is  oblique.  In  all  cafes,  the  angle 
which  the  line  of  diredtion  makes  with  the  horizontal 
line,  is  called  the  angle  of  Elevation  of  the  projedilc-,  or 
of  Deprefiion  when  the  line  of  diredion  points  below 
the  horizontal  line. 

Projection,  in  Perfpedtive,  denotes  the  appearance 
or  reprefentation  of  an  objedl  on  the  perfpedtive  plane. 
So,  the  Projedtion  of  a point,  is  a point,  where  the  optic 
.ray  pafies  from  the  objedtive  point  through  the  plane 
to  the  eye  ; or  it  is  the  point  where  the  plane  cuts  the 
optic  ray.  — And  hence  it  is  eafy  to  conceive  what 
is  meant  by  the  projedtion  of  a line,  a plane,  or  a 
folid. 

Projection  ^ the  Sphere  in  Plano,  is  a reprefenta- 
tlon  of  the  feveral  points  or  places  of  the  furface  ol  the 
fphere,  and  of  the  circles  deferibed  upon  it,  upon  a 
traiiTparent  plane  placed  between  the  eye  and  the  fphere, 
or  fuch  as  they  appear  to  the  eye  placed  at  a given 
diftance.  For  the  laws  of  this  Projedtion,  fee  Per- 
spective ; the  Projedtion  of  the  fphere  being  only  a 
particular  cafe  of  perfpedtive. 

The  chief  life  of  the  Projedtion  of  the  fphere,  is  in 
the  conltrudtion  of  planifpheres,  maps,  and  cnarts ; 
■which  are  faid  to  be  of  this  or  that  Projedtion,  according 
to  the  feveral  fituations  of  the  eye,  and  the  perfpedtive 
plane,  with  regard  to  the  meridians,  parallels,  and 
other  points  or  places  to  be  reprefented. 

The  moft  ufual  Projedtion  of  maps  of  the  w'orld,  is 
that  on  the  plane  of  the  meridian,  which  exhibits^  a 
right  fphere  ; the  firlt  meridian  being  the  horizon. 
The  next  is  that  on  the  plane  of  the  equator,  w'hich 
has  the  pole  in  the  centre,  and  the  meridians  the  radii 
of  a circle,  &c  ; and  this  reprefents  a parallel  fphere. 
See  Map. — The  primitive  circle  is  that  great  circle. 

The  Projedtion  of  the  fphere  is  ufually  divided  into 
Orthographic  and  Stereographic  ; to  which  may  be 
added  Gnoraonic. 

Orthographic  Projection,  is  that  in  which  the  fur- 
face  of  the  fphere  is  drawn  upon  a plane,  cutting  it  in 
the  middle  ; the  eye  being  placed  at  an  Infinite  difiance 
vertically  to  one  of  the  hemifpheres.  And 

Stereographic  Projection  of  the  fphere,  is  that  in 
which  the  furface  and  circles  of  the  fphere  are  drawn 
upon  the  plane  of  a great  circle,  the  eye  being  in  the 
pole  of  that  circle. 

Gnomon  leal  Projection  of  the  Sphere  y is  that  hr  which 


the  furface  of  the  fphere  is  drawn  upon  a plane  without 
fide  of  it,  commonly  touching  it,  the  eye  being  at  the 
centre  of  the  fphere.  See  Gnomonical  Projedion* 

Laves  of  the  Orthographic  ProjeBion, 

1.  The  rays  coming  from  the  eye,  being  at  an  in- 
finite dillance,  and  making  the  Projedion,  are  parallel 
to  each  other,  and  perpendicular  to  the  plane  of  Pro- 
jedlion. 

2.  A right  line  perpendicular  to  the  plane  of  Pro- 
jedlion,  is  projedled  into  a point,  wEere  that  line  meets 
the  faid  plane. 

3.  A right  line,  as  AB,  or  CD, 
not  perpendicular,  but  either  pa- 
rallel or  oblique  to  the  plane  of  the 
Projedlion,  is  projedled  into  a right 
line,  as  EF  or  GH,  and  is  always 
comprehended  between  the  ex- 
treme perpendiculars  AE  and  BF, 
or  CG  and  DH. 

4.  The  Projedfion  of  the  right  line  AB  is  the 
greateft,  when  AB  is  parallel  to  the  plane  of  the  Pro- 
jedlion. 

5.  Hence  it  Is  evident,  that  aline  parallel  to  the  plane 
of  the  Projedfion,  is  projedled  into  a right  line  equal  to 
itfelf ; but  a line  that  is  oblique  to  the  plane  of  Pro- 
jedflon,  is  projedled  into  one  thati&  lefs  than  itfelf, 

6.  A plane  furface,  as  ACBD, 
perpendicular  to  the  plane  of  the 
Projedllon,  is  projedled  Into  the 
right  line,  as  A B,  in  wEich  It  cuts 

that  plane  — Hence  it  is  evident,  ^ 

that  the  circle  ACBD  perpendi- 
cular to  the  plane  of  Projedlion, 
paffing  through  Its  centre,  is  pro 
jedled  Into  that  diameter  AB  In 
which  it  cuts  the  plane  of  the 

Projedllon,  Alfo  any  arch  as  Qc  is  projedled  into  Ooy 
equal  to  ca,  the  right  fine  of  that  arch ; and  the  com- 
plemcntal  arc  cB  Is  projedled  into  c?B,  the  verfed  fine 
of  the  fame  arc  cB, 

7.  A circle  parallel  to  the  plane  of  the  Projedlion,  is 
projedled  Into  a circle  equal  to  itfelf,  having  its  centre 
the  fame  with  the  centre  of  the  Projedvion,  and^  Its 
ladiiis  equal  to  the  cofine  of  its  diftance  from  the  plane. 
And  a circle  oblique  to  the  plane  of  the  Projedlion,  is 
projedled  into  an  ellipfis,  whofe  greater  axis  is  equal  to 
the  diameter  of  the  circle,  and  its  lefs  axis  equal  to 
double  the  cofine  of  the  obliquity  of  the  circle,  to  a. 
radius  equal  to  half  the  greater  axis. 

Properties  of  the  Stereographic  Proje3ion* 

r.  In  this  Projedllon  a right  circle,  or  one  perpendi- 
cular to  the  plane  of  Projt  Aion,  and  paffing  through 
the  eye,  is  projedled  into  a hue  of  half  tangents. 

2.  The  Projedlion  of  all  other  circles,  not  paffing 
through  the  projedling  point,  whethex  parallel  ©r 
oblitiue,  arc  projedled  into  circles* 


Thus, 
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Tims,  let  x\CEDB  rcprefent  a fphere,  cut  by  a plane 
InS,  puffing  through  the  centre  I,  perpendicular  to  the 
diameter  EH,  drawn  fiom  E the  place  of  the  eye  ; and 
let  the  fedfion  of  the  fphere  by  the  plane  RS  be  the 
circle  CFDL,  whofe  poles  are  H and-  £.  Suppofe 
now  AGB  is  a circle  on  tlie^  fphere  to  be  projedled, 
whofe  pole  raoft  remote  from  . the-  eye  is  P;  and  the 
vifual  rays  from  the  circle  AGB  meeting  in  E,  form 
the  cone  AGBE,  of  which  the  triangle  AEB  is  a 
fePcion  through  the  vertex  E,  and  diameter  of  the  bale 
>\B  : then  will  the  figure  aghf,  which  is  the  Projedfion 
tjf  the  circle  AGB,  be  itlelf  a circle.  Hence,  the 
middle  of  the  projedted  diameter  is  the  centre  of  the 
projedled  circle,  whether  it  be  a great  circle  or  a fmall 
one  : Alio  the  poles  and  centres  of  all  circles,  parallel 
to  the  plane  of  Projedlion,  fall  in  the  centre  of  the 
Projedtion  : And  all  oblique  great  circles  cut  the  primi- 
tive circle  in  two  points  diametrically  oppofite. 

5.  Tiie  projedled  diameter  of -any  circle  fubtends  an 
angle  at  the  eye  equal  to  the  dillaiice  of  that  circle  from 
its  neareil  pole,  taken  on  the  fphere  ; and  that  angle  is 
bifedfed  by  a right  line  joining  the  eye  and  that  pole. 
Thus,  let  the  plane  RS  cut  the  fphere  HFEG  through 


its  centre  I ; and  let  ABC  be  any  oblique  great  circle, 
whofe  diameter  AC  is  projedfed  into  ac  i and  KOL 
any  fmall  circle  parallel  to  ABC,  whofe  diameter  KL 
is  projedfed  in  kl.  I’lie  did  anecs  of  thofc  circles  from 
their  pole  P,  being  the  arcs  AHP,  KFIP  ; and  the 
angles  aEe,  kYJ,  are  the  angles  at  the  eye,  fubtended 
by  their  projedled  diameters,  ac  and  kL  Then  is  tlie 
sngle  a'Zc  meafured  by  the  arc  AHP,  and  the  angle 
^E/  meafured  by'  the  arc  KHP ; and  thofe  angles  are 
bifedled  by  EP. 

-3-  point  of  a fphere  is  projedled  at  fuch  a dif- 

tance  from  the  centre  of  Projedlion,  as  is  equal  to  the 
tangent  of  half  the  arc  intercepted  between  that  point 
and  the  pole  oppolite  to  the  eym,  the  femidiameter  of 
the  fphere  being  radius.  Thus,  let  C^EB  be  a great 
circle  of  the  fphere,  whofe  centre  is  c,  GH  the  plane 
&f  Projcdlion  cutting  the  diameter  of  the  fphere  in  b 


and  B ; alfo  E and  C the  poles  of  the'  fetSlion  by  that  ; 
plane  ; and  a the  projcdlion  of  A.  Then  'ca  is  equal  ' ! 


the  tangent  of  half  the  arc  AC,  as  is  evident  by  r 
drawing  CF  = the  tangent  of  half  that  arc,  and  join-  1 
ing  rF. 

4.  The  angle  made  by  two  projedled  circles,  is  equal,  r 
to  the  angle  which  thefe  circles  make  on  the  fphere,  t- 
For  let  lACE  and  ABL  be  two'  circles  on  a fphere  ' 


interfeAIng  in  A ; E the  projedling  point  ; and  RS  i 
the  plane  of  Projedlion,  in  which  the  point  A is  pro-  i| 
jeHed  in  in  the  line  IC,  the  diameter  of  the  circle  >i 
ACE.  Alfo  let  DPI  and  FA  be  tangents  to  the  I 
■circles  ACE  and  ABL.  I'hcn  will  the  projedled  i 
angle  dafh^  equal  to  the  fpherical  angle  BAC. 

5*  The  dhlance  between  the  poles  of  the  primitive  1 
circle  and  an  oblique  circle,  is  equal  to  the  tangent  of 
half  the  inclination  of  thofe  circles  ; and  the  dlfiance  of 
their  centres,  is. equal  to  the  tangent  of  their  inclina-  : 
tion  , the  femidiameter  of  the  primitive  being  radius. 

For  let  AC  be  the  diameter  of  a circle,  whofe  poles  are  ; 
P and  Qj,  and  inclined  to  the  plane  of  Projcdlion  in  the 
angle  AIF  ; and  let  c,  p be  the  Projedlions  of  the 
points  A,  C,  P ; alfo  let  HaE  be  the  projedfed  oblique  1 
circle,  whofe  centre  is  q.  Now  when  the  plane  of  Pro- 
jedlion becomes  the  jirimitive  circle,  whofe  pole  is  I s 
then  is  Ip  zzl  tangent  of  half  the  angle  AIF,  or  of  half  ^ 
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the  arcli  AF  ,*  and  Ig  z=z  tangent  of  AF,  or  of  the 
angle  FH^  = AIF. 


6.  If  through  any  given  point  in  the  prirnitivc  circle, 
an  oblique  circle  be  defcribed  ; then  the  centres  of  all 
other  oblique  circles  pafTing  through  that  point,  will  be 
in  a right  line  drawn  through  the  centre  of  the  firft  ob- 
lique circle,  and  perpendicular  to  a line  paffing  through 
that  centre,  the  given  point,  and  the  centre  of  the  pri- 


mitive circle.  Thus,  let  GACE  be  the  primitive  circle, 
ADEl  a great  circle  defcribed  through  D,  its  centre 
being  B,  FIK  is  a right  line  drawn  through  B per- 
pendicular to  a right  line  Cl  paffing  through  D and  B 
and  the  centre  of  the  primitive  circle.  Then  the  centres 
of  all  other  great  circles,  as  FDG,  pafling  through  D, 
will  fall  in  the  line  HK. 

7.  Equal  arcs  of  any  two  great  circles  of  the  fphere 
will  be  intercepted  between  two  other  circles  drawn  on 
the  fphere  through  the  remoted  poles  of  tliofe  great 
circles.  For  letPBEA  be  a fphere,  on  which  AGB  and 


CFD  are  two  great  circles,  whole  remotefl  poles  are 
E and  P ; and  through  thefe  poles  let  the  great  circle 
PBEC  and  the  fmall  circle  PGE  be  d rawn,  cutting  the 
great  circles  AGB  and  CFD  in  the  points  B;  G,  D,  F. 


Then  are  the  intercepted  arcs  BG  and  DF  equal  to  one 
another. 

8.  If  lines  be  drawn  from  the  projedled  pole  of  any 
great  circle,  cutting  the'  peripheries  of  the  projefted 
circle  and  plane  of  Projection  ; the  intercepted  arcs  of 
thofe  peripheries  are  equal  ;.that  is,  the  arc  BG  ~ 

9.  The  radius  of  any  leffer  circle,  whofe  plane  is  per- 
pendicular to  that  of  the  primitive  circle,  is  equal  to 
the  tangent  of  that  leffer  circle’s  diitance  from  its  pole  ; 
and  the  fecant  of  that  diitance  is  equal  to  the  diitance 
of  the  centres  of  the  primitive  and  leffer  circle.  For 
let  P be  the  pole,  and  AB  the  diameter  of  a leffer  cir- 
cle, its  plane  being  perpendicular  to  that  of  the  prlmi- 
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tive  circle,  whofe  centre  is  C : then  d being  the  centre 
of  the  projected  leffer  circle,  da  is  equal  to  the  tangent 
of  the  arc  PA,  and  dC  = the  fecant  of  PA.  See 
Stereograp Hic  PrejeBion, 

Mercalods  Projection.  See  Mercator  and' 
Chart. 

Projection  of  Globes,  &c.  SeeGnoBE,  &c« 

Polar  Projection.  See  Polar. 

Projection  of  Shadows.  See  Shadow. 

Projection,  or  Projecture,  in  Building,  the 
outjetting  or  prominency  wliich  the  mouldings  and 
members  have,  beyond  the  plane  or  naked  of  the  wall, 
column,  &c. 

Monfroits  Projection.  See  Anamorphosis. 

PROJECTIVE  Dialling,  a manner  of  drawing  tlie 
hour  lines,  the  furniture  &c  of  dials,  by  a method  of 
projection  on  any  kind  of  fnriace  whatever,  without 
regard  to  the  fituation  of  thofe  furfaces,  either  as  to 
declination,  reclination,  or  inclination.  See  Dial- 
ling. 

PROLATE,  or  Oblong  Spheroid,  is  a fphcrold 
produced  by  the  revolution  of  a femiellipfis  about  its 
longer  diameter  ; being  longelt  in  the  direction  of  that 
axis,  and  refembling  an  egg,  or  a lemon. 

It  is  fo  called  in  oppofition  to  the  oblate  or  fhort  fplie- 
roid,  which  is  formed  by  the  rotation  of  a femiellipfis 
about  its  Ihorter  axis;  being  therefore  fhorttlt  in  the 
direction  of  its  axis,  or  flatted  at  the  poles,  and  fo  re- 
fembling an  orange,  or  perhaps  a turnip,  according  to 
the  degree  of  fiatnefs ; and  which  is  alfo  the  figure  of 
the  earth  we  inhabit,  and  perhaps  of  the  planets  alfo 
hai'lng  their  equatorial  diameter  longer  than  the  polar. 
See  Spheroid. 

PROMONTORY,  in  Geography,  is  a rock  or  high 
point  of  land  projecting  out  into  the  fea.  The  extre- 
mity of  which  towards  the  fea  is  nfually  called  a Cape, 
or  Headland. 

PROPORTION,  in  Arithmetic  &c,  the  equality 

or 
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or  finiilitnde  of  ratios.  As  tlie  four  numbers  4.,  8,  15,  30 
are  proportionals,  or  in  proportion,  becaufe  the  ratio 
of  4 to  8 is  equal  or  fimilar  to  the  ratio  of  1 5 to  3O, 
both  of  them  being  the  fame  as  the  ratio  of  i to  2, 

Euclid,  in  the  5th  flefinition  of  the  5th  book,  gives 
a general  definition  of  four  proportionals,  or  when,  of 
four  terms,  the  fiift  has  the  lame  ratio  to  the  2d,  as 
the  3d  has  to  the  4th,  viz,  when  any  equimultiples 
whatever  of  the  firft  and  third  being  taken,  and  any 
equimultiples  whatever  of  the  2d  and  4th  j If  the  multi- 
ple of  the  firft  be  lefs  than  that  of  the  2d,  the  multiple 
of  the  3d  is  alfo  lefs  than  that  of  the  4th  ; or  If  the 
multiple  of  the  firll  be  equal  to  that  of  the  ad,  the  mul- 
tiple of  the  3d  Is  alfo  equal  to  that  of  the  4th  ; or  if  the 
multiple  of  the  firft  be  greater  than  that  of  the  2d,  the 
multiple  of  the  3d  is  alfo  greater  than  that  of  the  4th* 
And  this  definition  Is  general  for  all  kinds  of  magnitudes 
or  quantities  wdiatever,  though  a very  obfeure  one. 

Alfo,  in  the  7th  book,  Euclid  gives  another  defini- 
tion of  proportionals,  viz,  when  the  firft  Is  the  fame 
equimultiple  of  the  2d,  as  the  3d  is  of  the  4th,  or  the 
fame  part  or  parts  of  it.  But  this  definition  appertains 
only  to  numbers  and  commenfurable  quantities. 

Proportion  is  often  confounded  with  ratio  j but  they 
are  quite  different  things.  For,  ratio  is  properly  the 
relation  of  two  magnitudes  or  quantities  of  one  and  the 
fame  kind  ; as  the  ratio  of  4 to  8,  or  of  15  to  30,  or 
of  I to  2 ; and  fo  implies  or  refpedls  only  two  terms  or 
things.  But  Proportion  refpeds  four  terms  or  things, 
or  two  ratios  w'hich  have  each  two  terms.  Though  the 
middle  term  may  be  common  to  both  ratios,  and  then 
the  Proportion  is  expreffed  by  three  terms  only,  as 
4,  8,  64,  where  4 is  to  8 as  8 to  64. 

Proportion  is  alfo  foraetimes  confounded  wuth  pro- 
greffion.  In  the  tw'-o  often  coincide  ; the  differ- 

ence between  them  only  confifling  in  this,  that  progref- 
fion  is  a particular  fpecies  of  Proportion,  being  indeed 
a continued  Proportion,  or  fuch  as  has  all  the  terms 
in  the  fame  ratio,  viz,  the  I ft  to  the  2d,  the  2d  to  the 
3d,  the  3d  to  the  4th,  &c  ; as  the  terms  2,  4,  8,  16, 
&c  ; fo  that  progreftion  is  a ferles  or  continuation  of 
Proportions. 

Proportion  Is  either  continual,  or  diferete  or  Inter- 
rupted. 

The  Proportion  is  continual  when  every  two  adja- 
cent terms  have  the  fame  ratio,  or  when  the  confe- 
quent  of  each  ratio  is  the  antecedent  of  the  next  fol- 
lowing ratio,  and  fo  all  the  terms  form  a progreffion  ; as 
2,  4,  8,  16,  &c  ; where  2 is  to  4 as  4 to  8,  and  as  8 
to  16,  &C4 

Ulfcrete  or  interrupted  Proportion,  is  when  the  con- 
fequent  of  the  firft  ratio  is  different  from  the  antecedent 
of  the  2d,  &c  ; as  2,  4,  and  3,  6. 

Proportion  Is  alfo  either  Diredl  or  Inverfe. 

Proportion  is  when  more  requires  more,  or 
lefs  requires  lefs.  As  It  will  require  more  men  to  per- 
form more  work,  or  few^er  men  for  lefs  work,  in  the 
fame  time. 

IriDerfc  or  Reciprocal  Proportion,  Is  when  more  re- 
quires lefs,  or  lefs  requires  more.  As  it  will  require 
more  men  to  perform  the  fame  work  in  lefs  time,  or 
fewer  men  in  more  time.  Ex.  If  6 men  can  perform  a 
piece  of  work  In  i days,  how  many  men  can  do  the 
fame  in  10  days.  Then, 


reciprocally  - as  A*  to  fo  Is  6:9]  the 

or  Inverfely  - as  10  to  1 5 fo  is  6 ; 9 J anfvvcr. 

Proportion,  again,  is  diftinguifhed  into  Arithmeti-  1 
cal,  Geometrical,  and  Harmonica!, 

Arithmetical  Proportion  Is  the  equality  of  two  arith- 
metical ratios,  or  differences.  As  in  the  numberg  ( i 
12,  9,  6 ; where  the  difference  between  12  and  9,  is 
the  fame  as  the  difference  between  9 and  6,  viz  3. 

And  here  the  fum  of  the  extreme  terms  is  equal  to  the 
firm  of  the  means,  or  to  double  the  fingle  mean  when 
there  is  but  one.  As  i2-i-62:a:94-9=;s:i8. 

Geometrical  YKO?o's.TlOY^  is  the  equality  between  two 
geometrical  ratios,  or  between  the  quotients  of  the 
terms.  As  in  the  three  9,  6,  4,  where  9 is  to  6 as  6 is  1 
to  4,  thus  denoted  9 ; 6 : : 6 ; 4 ; for  f f , being  [ 
each  equal  | or  i 

And  in  this  Proportion,  the  redfangle  or  produdf  of  > 
the  extreme  terms,  is  equal  to  that  of  the  two  means,  or  i; 
the  fquare  of  the  fingle  mean  when  there  is  but  one*  r 
For  9X4=:6x6  = 36. 

Harmonical  Proportion,  Is  when  the  firft  term  is  to  i 
the  third,  as  the  difference  between  the  ift  and  2d  is  to  1 
the  difference  between  the  2d  and  3d  ; or  in  four  terms  I 
when  the*  I ft  is  to  the  4th,  as  the  difference  between  e 
the  I ft  and  2d  is  to  th  e difference  between  the  3d  and 
4th  ; or  the  reciprocals  of  an  arithmetical  Proportion  f 
are  in  harmonical  Proportion.  As  6,  4,  3 ; becaufe  i 
6:3::6  — 4==  2:4  — 3=3  i;  or  becaufe  I,  ^ 
are  in  arithmetical  Proportion,  making  -j-  -2-  = 
f Alfo  the  four  24,  16,  12,  9 are  in  har- 

monical Proportion,  becaufe  24  ; 9 : ; 8 : 3. 

See  Proportionals. 

Compafs  <y^pROPORTiON,  a name  by  which  the  ; 
French,  and  feme  Englifli  authors,  call  the  SeAor. 

Rule  of  Proportion,  in  Arithmetic,  a rule  by  which  : 
a 4th  term  is  fpund  in  Proportion  to  three  given  terms* 
And  is  popularly  called  the  Golden  Rule,  or  Rule  of  i 
Three. 

PROPORTIONAL,  relating  to  Proportion.  As,  1 
Proportional  Compaffes,  Parts,  Scales,  Spirals,  &c.  , 

See  the  feveral  terms. 

Proportional  Compajfcx,  are  compaffes  with  two  | 
pair  of  oppofite  legs,  like  a St.  Andrew’s  crofs,  by 
which  any  {pace  is  enlarged  or  diminiftied  In  any  pro-  ' 
portion. 

Proportional  Party  is  a part  of  fome  number  that  | 
is  analogous  to  fome  other  part  or  number  ; fuch  as  the  j 
Proportional  parts  in  the  logarithms,  and  other  ta*  ‘ 
bles.  I 

Proportional  6’r<2/<?j‘,called  alfo  Logarithmic  Scales,  ji 
are  the  logarithms,  or  artificial  numbers,  placed  on  I 
lines,  for  the  eafe  and  advantage  of  multiplying  and  di- 
viding &c,  by  means  of  compaffes,  or  of  Hiding  rulers. 
Phefe  are  in  effedf  fo  many  lines  of  numbers,  as  they  i 
are  called  by  Gunter,  but  made  fingle,  double,  triple, 
or  quadruple  ; beyond  which  they  feldom  go.  See  Gun- 
ter’s Sca/cy  Scale,  &c. 

Proportional  Spiral.  See  Spiral. 
PROPORTIONALITY,  the  quality  of  Propor- 
tionals. Phis  term  is  uied  by  Gregory  St.  Vincent,  for 
the  proportion  that  is  between  the  exponents  of  four 
ratios. 

PROPORTIONALS,  are  the  terms  of  a propor- 
tion ; Gonlifting  of  two  extremes,  which  are  the  firft 
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and  laid  terms  of  the  fet,  and  the  means,  which  are  the 
red  of  the  terms.  Thefe  Proportionals  may  be  either 
arilhmeticals,  geometricals,  or  harmonicals,  and  in  any 
nriinber  above  two,  and  alfo  cither  continued  or  difcon- 
tiiiiied. 

Pappus  gives  this  beautiful  and  fimple  comparifonof 
the  three  kinds  of  Proportionals,  aritlimetical,  geome- 
trical, and  harmonical,  viz,  c being  the  firft,  fc- 

cond  and  third  tenns  in  any  fuch  proportion,  then 

In  the  arithmeticals,  a <2  h 

in  the  geometricals,  a . h I ::  a — h : b — c, 

in  the  harmonicals,  a : , j 

Me  AS  Propor/ional. 

Continued  Proportionals  form  what  Is  called  a pro- 
grefilon  ; for  the  properties  of  which  fee  Progres- 
sion. 

i.  Properties  of  Arithmetical  q>e.t\os At.E,, 

(For  what  refpefts  Progrelhons  and  Mean  Propor- 
tionals of  all  fortf,  fee  Mean,  and  Progression.) 

1.  Four  Arithmetical  Proportionals,  as  2,  3,  4,  4, 

are  dill  Proportionals  when  inverfely,  3,  4,  3,  2; 
or  alternately,  thus,  - - 4>  3i  > ; 

or  inverfely  and  alternately,  thus  - 5,  2,  4,  2. 

2.  If  two  Arithmeticals  be  added  to  the  like  terms 
of  other  two  Arithmeticals,  of  the  fame  difference  or 
arithmetical  ratio,  the  lums  will  have  double  the  lame 
difference  or  arithmetical  ratio. 

So,  to  3 and  3,  whofe  difference  is  2, 
add  7 and'  g,  vvhofc  difference  is  alfo  2, 
the  fums  10  and  14  have  a double  diff.  viz  4. 

And  if  to  thefe  Turns  be  added  two  other  numbers  alfo 
in  the  fame  difference,  the  next  fums  will  have  a triple 
ratio  or  difference  ; and  fo  on.  Alfo,  w'hatever  be  the 
ratios  of  the  terms  that  are  added,  whether  the  fame  or 
different,  the  fums  of  the  terms  will  have  fuch  arithme- 
tical ratio  as  is  compofed  of  the  fums  of  the  others  that 
are  added. 

So  3 , 3,  whofe  dif.  is  2 

and  7 , JO,  whofe  dif.  Is  3 

and  12  16,  whofe  dif.  is  4 

make  22  ,31,  whofe  dif.  is  9. 

On  the  contrary,  if  from  two  Arithmeticals  be  fub- 
trafted  others,  the  difference  will  have  fuch  arithmetical 
^atio  as  is  equal  to  the  differences  of  thofe. 

So  from  12  and  16,  whofe  dif.  is  4 

take  7 and  lo,  whofe  dif.  is  3 

leaves  5 and  6,  whofe  dif.  is  i 

Alfo  from  7 and  9,  whofe  dif.  is  2 

take  3 and  3,  wdiofe  dif.  is  2 

• leaves  4 and  4,  whofe  dif.  is  o 

. 3/  Hence, ^ if  Arithmetical  Proportionals  be  multi- 
•tiplied  or  divided  by  the  fame  number,  their  difference, 
or  arithmetical  ratio,  is  alfo  multiplied  or  divided  by  the 
lame  number, 

VoL.  U. 


II.  Properties  of  Geometrical  Proportionals^ 

The  properties  1 elating  to  mean  Proportionals 
are  given  under  the  term  Mean  Proportional ; fome 
are  alfo  given  under  the  article  Proportion  ; and  Tome 
additional  ones  are  as  below  ; 

J.  To  find  a 3d  Proportional  to  two  given  numbers, 
or  a 4th  Proportional  to  three  : In  the  former  cafe,  mul- 
tiply the  2d  term  by  itfelf,  and  divide  the  produifl  by 
the  iff;  and  in  tlie  latter  cafe,  multiply  the  2d  term 
by  the  3d,  and  divide  the  produft  by  the  ift. 

So  2 6 : : 6 : 18,  the  3d  prop,  to  2 and  6: 

and  2 : 6 ; : 5 ; 13,  the  4th prop,  to  2,6,  and  5, 

2.  If  the  terms  of  any  geometrical  ratio  be  aug- 
mented or  dlminiflied  by  any  others  in  the  fame  ratio, 
or  proportion,  the  fums  or  differences  will  itill  be  in 
the  fame  ratio  or  proportion. 

So  if  a ‘ b i : c ‘ df 

then  IS  a i b I a cfc:  c : b zfc  d i i c i d. 

And  If  the  terms  of  a ratio,  or  proportion,  be  multi^ 
plied  or  divided'by  any  one  and  the  fame  number,  the 
prodiidsand  quotients  wdll  Hill  be  in  the  fame  ratio,  or 
proportion. 

Thus,  a i b i i na  i nb  ~ ^ ^ 

n n ‘ 

3.  If  a fet  of  continued  Proportionals  be  either  aug- 
mented or  diminiflied  by  the  fame  part  or  parts  of  thera- 
felves,  the  fums  or  differences  will  alfo  be  Proporti- 
onals. 

Thus  If  tty  by  ' Cy  dy  Scc  bc  Propors. 

then  are  a > b :iz  — , c d;  — » See  alfo  Propors. 

n n n ‘ 

where  the  common  ratio  is  i d: 

n 

^ And  if  any  fingle  quantity  be  cither  augmented  or 
dimlnifiied  by  fome  part  of  itfelf,  and  the  refult  be  alfo 
increafed  or  diminiflied  by  the  fame  part  of  itfelf,  and 
this  third  quantity  treated  in  the  fame  manner,  and  fo 
on;  then  lhall  all  thefe  quantities  bc  continued  Propor- 
tionals. So,  beginning  with  the  quantity  ay  and  taking 
always  the  nth  part,  then  fliall  ^ 

, a 2a  ad- 

^ ~ ^ d:  ~ d“  — , See  be  Proportionals, 

ov  Oy  a ±:  — , db  ^ — )^  &c  Propora. 

n n n ^ 

the  common  ratio  being  i :±i  — , 

n 

4.  If  one  fet  of  Proportionals  be  multiplied  or  divi- 
ded by  any  other  fet  of  Proportionals,  each  term  by  each, 
the  produbls  or  quotients  will  alfo  be  Proportionals. 


Thus, 

if  a : 

na  : : 

b : nhy 

and 

c : 

7nc  : : 

d : md ; 

then  is 

ac  ; 

mnac  : ; 

bd  : mnbdy 

a 

na 

b nh 

and 

• 

c 

me 

d mb 

3.  If  there  be  feveral  continued  Proportionals,  then 
whatever  ratio  the  iff  has  to  the  2d,  the  iff  to  the  3d 
Q.q  ffall 
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fh all  have  the  dirplicate  of  the  ratio,  the  jft  to  the  4th 
the  triplicate  of  it,  andfoon. 

So  in  <7,  ncif  n'^a,  &c,  the  ratio  being  n ; 

then  cj'.  n^a^  or  i to  the  duplicate  ratio, 

and  Cl  : n'^a^  or  i to  the  triplicate  ratio, 

and  fo  on. 

6,  In  tliree  continued  Proportionals,  the  difference 
between  the  I ft  and  2d  term,  is  a mean  Proportional 
f.etween  the  ift  term  and  the  fecond  difterence  oi  all 
the  terms. 

I'hus,  in  the  three  Proper.  na,  n^a  ^ 

2d  dif. 

li^a  — 2«(7  4" 


Terms 

n^a 

fia 

a 


III  difs. 


fi^a 
na  • 


7ia 


a 


then  a : fia  — a : : na  — a : ri^a  — Znd  -f-  a» 


Op  in  the.  numbers  2,  6,  18; 


i8 

6 

2 


1 2 
4 


8 the  2d  difference  ; 


then  2,  4,  8 are  Proportionals. 

7.  When  four  quantities  are  in  proportion,  they  are 
alfo  in  proportion  by  inverfion,  compofttion,  divifion, 
&:c ; thus,  <2,  na^  nh  being  in  proportion,  viz, 


I 

Z*  Inverfion 

3.  Alternation 

4.  Compofttion 

5.  Converfion 

6.  Divifion 


a na  ii  h i nh  ; then  by 
na  \ a i nb  i h ; 
a i h i na  : nh  ; 
a na  t na  : : h -f-  nb  : nh  ; 

a -h  na  i a i : h tih  i h / 

{a  —-na  : a \ h — nh  \ h ; 

a — na  na  \ h — nh  \ nh. 


III.  Properties  of  Harmonica!  Proportionals. 


1.  If  three'  or  four  numbers  in  HarmOTical  Pro- 
portion, be  either  mnltiplied  or  divided  by  any  num- 
ber, the  products  or  quotients  v\dll  alfo  be  Harnionical 
Proportionals. 

Thus,  6,  3,  2 being  liarmon.  Propor. 
then  12,.  6,  4 aroalfo  harmon.  Propor, 
and  f,  I are  alfo  harmon.  Propor. 

2.  In  the  three  Harmonical  Proportionals  a.  *5,  r, 
when  any  two  of  thefe  are  given,,  the  3d  can  be  found 
from  the  definition  of  them,  viz,  that  a \ e : : a — b ; h — c\ 
for  hence 


, lac 
a -{■  c 


the  harmonical  mean,  and 


€ = ; the  td  harmon.  to  a and  h. 

Id  b 

3.  And  of  the  four  Harmonicals,  <7,  r,  e/,  any 
three  being  given,  the  fourth  can  be  found  from  the 
definition  of  them,  viz,  that  a d i : a — h i c •—  d ; 
for  thence  the  three  b,  c,  d^  will  be  thus  found,  viz, 


s 

) 

i 


b - 


lad  — ac 

d 


lad  ---  hd 


a 


ac 


la 


4.  If  the,re  be  four  numbers  difpofed  in  order,  as 
T,  3,  4,  6,  of  which  one  extreme  and  the  two  mid- 
dle terms  are  in  Arithmetical  Proportion,  and  tlie  other 


extreme  and  the  fame  middle  terms  are  in  Harmonical.  i 
Proportion  ; then  are  the  four  terms  in  Geometrical 
Proportion  : fo  here 

the  three  2,  3,  4 are  arithmeticals, 

and  the  three  3,  4,  6 are  harmonicals, 
tlien  the  four  2,  3,  4,  6 are  geometricals. 

If  between  any  two  numbers,  as  2 and  6,  there 
be  interpofed  an  arithmetical  mean  4,  and  alfo  a har- 
monical mean  3,  the  four  will  then  be  geometricals,  viz>, 

2 : 3 : : 4 ; 6. 

6.  Between  the  three  kinds  of  proportion,  there  is 
this  remarkable  difterence  ; viz,  that  from  any  given  i 
number  there  can  be  raifed  a continued  arithmetical  fe-  1 
ries  increafing  ad  infinitum,  but  not  deercaiing  ; while  ' 
the  harmonical  can  be  decreafed  ad  iniiniivim,  but  not 
increafed  ; and  the  geometrical  admits  of  both. 

PROPOSITION,  is  either  fome  truth  advanced,,  j 
and  Ihewn  to  be  fuch  by  demonilration  ; or  fome  ope-  | 
ration  propofed,  and  its  foiution  ihewn.  In  ftiort,  it  i 
is  fomething  propoied  either  to  be  demionftrated,  or  to  j 
be  done  or  performed.  The  former  is  a theorem,  and 
the  latter  is  a problem.  , 

PROSTHAPHERESIS,  in  Aftronomy,  the  differ-  ■ 
ence  between  the  time  and  mean  motion,  or  between  } 
the  true  and  mean  place,  of  a planet,  or  between  the  1 
true  and  equated  anomaly  ; called  alfo  Equation  of  the  I 
Orbit,  or  Equation  of  the  Centre,  or  fimply  the  Equa- 
tion ; and  it  is  equal  to.  the  angle  formed  at  the  planet, 
and  fubtendedby  the  excentricity  of  its  orbit. 

Thus,  if  S be  the  fun,  and  P the  place  of  a planet, 
in  its  orbit  APB,  whofe  centre  is  C, 


« 


Then  the  mean  anomaly  is  the  Z.  ACP, 
and  the  true  anomaly  the  Z.  xASP, 
the  difference  of  which  is  the  Z.  CPS, 

which  is  the  Profthapherefis  ; which  is  fo  called,  be*--  ' 
caufe  it  is  fometimes  to  be  added  to,  and  fometimes  to 
be  fubtradicd  from  the  mean  motion,  to  give  the  true  ^ 
one  ; as  is  evident  from  the  figure. 

PROTRACTING,  orPaoTRAcr  ION,  in  Surveying, 
the  a£I  of  plotting  or  laying  down  the  dimenfions  taken- 
in  the  field,  by  means  of  a Protradlor,  See  : Protracting-,  ' 
makes  one  part  of  furveying. 

Protracting-P/V;,  a fine  pointed  pin,  or  needle, , 
fitted  into  a handle,  ufed  to  prick  off  degrees  and  mi- 
nutes from  the  limb  of  the  Protradtor. 

PROTRACTOR,  a mathematical  inftrument, 
chiefly  ufed  in  furveying,  for  laying  down  angles 
upon  paper,  &c. 

The  fimpleft,  and  moft  natural  Protradlor  confifts 
of  a femicircular  limb  ADB  (fig.  7,  pi.  xix)  common- 
ly of  metal,  divided  into  180N  fubtended  by  a dia- 
meter AB  j in  the  middle  of  which  is  a fmaJl  notch  C, 
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’Called  the  centre  of  the  Protradlor,  And  for  the  con- 
venience of  reckoning  both  ways,  the  degrees  are  num- 
bered from  the  left  iiand  towards  the  right,  and  from 
the  fighi  hand  towards  the  left. 

But  this  inflrument  is  made  much  more  commodious 
by  transferring  the  divifons  from  the  circumference  to 
the  edge  of  a ruler,  whofe  ude  EF  is  parallel  to  AB, 
which  is  eafily  done  by  laying  'a  ruler  on  the  centre  C, 
arid  over  tlie  ieveral  divifions  on  the  ieniicircumfercnce 
ADB,  and  marking  the  interfechions  of  that  ?-uIer  on 
the  line  EF  : fo  that  a ruler  with  theie  divifions  marked 
on  one  of  its  fides  as  above,  and  returned  down  t.he  two 
ends,  and  numiieicd  both  ways  as  in  the  circular  Pi-o- 
^ traffor,  the  tourth  or  blank  fide  reprefenting  the  dia- 
meter of  the  circle,  is  both  a more  uicFiil  form  than 
the  circulamProtradfor,  and  better  adapted  for  putting 
■ into  a cafe*? 

To  male  attv  Anzle  <iv:th  the  Protra^or.-^\.?is  the 
diameter  of  the  Protractor  along  the  given  line  whicli  is 
to  be  one  fide  of  the  angle,  and  its  centre  at  the  given 
angular  point  ; then  make  a mark  oppofite  the  given 
degree  of  the  angle  found  on  the  limb  of  the  inflru- 
ment,  and,  removing  the  Protractor,  by  a plane  ruler 
hid  over  that  point  and  the  centre,  draw  a line,  which 
will  form  the  angle  fought. 

‘ In  the  fame  way  is  any  given  angle  meaUired,  to  find 
the  number  of  degrees  it  contains. 

This  Protractor  is  alfo  very  ufeful  in  drawing  one 
line  perpendicular  to  another  ; which  is  readily  done 
by  laying  the  Protradlor  acrofs  the  given  line,  io  that 
both  its  centre  and  the  9Qth  degree  on  the  oppofite 
edge  fall  upon  the  line,  alfo  one  of  the  edges  paffing 
over  the  given  point,  by  which  then  let  the  perptadica- 
hr  be  drawn. 

The  Improved  Protractor  is  an  infirument  much 
like  the  former,  only  furnifiied  with  a little  more  appa- 
ratus, by  which  an  angle  may  be  fet  off  to  a fingle  mi- 
nute. 

The  chief  addition  is  an  index  attached  to  the  centre, 
about  which  it  is  moveable,  fo  as  to  play  freely  and 
ideadilv  over  the  limb.  Bevond  the  limb  the  Index  is 
divided,  on  both  edges,  Into  60  equal  parts  of  the  por- 
tions of  circles,  intercepted  by  two  other  right  lines 
drawn  from  the  centre,  io  that  eac'h  makes  an  angle  of 
one  degree  with  lines  drawn  to  the  afiumed  points  from 
■the  centre. 

To  fet  off  an  angle  of  any  number  of  degrees  and  mi- 
nutes with  this  Protradlor,  move  the  Index,  fo  that  one 
of  the  lines  drawn  on  the  limb,  from  one  of  the  fore- 
mentioned  points,  may  fall  upon  the  number  of  degrees 
given  ; and  prick  off  as  many  of  tlie  equal  parts  on  the 
proper  edge  of  the  index  as  there  are  minutes  given  ; 
then  drawing  a line  from  the  centre  to  th.at  point  fo 
pricked  off,  the  required  angle  is  tlms  formed  v/Ith  the 
given  line  or  diameter  of  the  Protradfor. 

' PROVING  cf  Gunpc'ivder,  See  Eprouvette,  and 

GuNPown^R. 

PSEUDO'Stella,  any  kind  of  meteor  or  pheno- 
menon, appearing  in  the  heavens,  and  refembling  a 
Far. 

PTOl  'EMAIC,  orPyoLOMAic,  fomething  relating 
to  Ptolomy ; as  the  Ptolomaic  Syfiem,  the  Ptoloniaic 
Sphere,  &c.  Sec  System,  Sphep.e,  &c. 


PTOLEMV,  or  Ptolomy,  (Claudt  us],  a very 
celebrated  geographer,  aliroiiomer,  and  mathemati- 
cian, among  the  Ancients,  w'as  born  at  Pelufium  In. 
Egypt,  about  the  70th  year  of  the  Chrifeian  era  j and 
died,  It  has  been  fald,  in  the  78th  year  of  his  age,  and 
in  the  year  of  Chrlll  147.  He  taught  aftrouomy  at 
Alexandria  in  Egypt,  where,  he  made  many  allronomi- 
cal  obfervatlons,  and  compofed  his  other  works.  It  is 
certain  that  he  dourifiied  in  the  reigns  of  Marcus  Anto- 
ninus and  Adrian  : for  it  is  noted  in  his  Canon,  that 
Antoninus  Pius  reigned  23  years,  \vhich  fiiews  that  he 
himfelf  furvived  him  ; he  alfo  tells  us  in  one  place,  that 
he  made  a great  many  obfevvations  upon  the  fixed  (tais 
at  Alexandria,  in  the  fecond  year  of  Antoninus  Pius; 
and  In  anot’ner,  that  he  obferved  an  ecllpfe  of  the  moon, 
in  the  ninth  year  of  Adrian  ; from  which  it  is  reafonable 
to  conclude  that  this  allronomer’s  ohfervations  upon  the 
heavens  were  many  of  them  made  between  the  year 
125’  and  I 40. 

Ptolomy  has  always  been  reckoned  tlie  prince  of  afiro- 
nomers  among  the  Ancients,  and  in  his  works  has  left 
us  ail  entire  body  of  that  fcicnce.  He  has  preferved  ami 
tranfmitted  to  us  the  obfervatlons  and  principal  difeove- 
rics  of  the  Ancients,  and  at  the  fame  time  augmented 
and  enriched  them  with  his  own.  He  corrected  Hip-i 
parchiis’s  catalogue  of  the  fixed  ftars  ; and  formed  ta- 
bles, by  which  the  motions  of  the  fun,  moon,  and  pla- 
nets, might  be  calculated  and  regulated.  He  was  in- 
deed the  firft  who  collected  the  fcattcrcd  and  detached 
obfervatlons  of  the  Ancients,  and  digefted  them  into  a 
fyllem  ; which  he  fet  forth  in  his  five 

Magna  Conjlrudlo,  divided  into  13  books.  He  adopts 
and  exhibits  here  the  ancient  fyfiem  of  the  world,  which 
plaecd  the  earth  in  the  centre  of  the  univerfe  ; and  this 
nas  bcc-n  called  from  him,  the  Ptolomaic  Syftem,  to 
difiingiilfli  It  from  thofe  of  Copernicus  and  Tycho 
iBrahe. 

About  the  year  827  this  v/ork  was  tranflated  by  the 
Arabians  into  their  language,  in  which  it  was  called  AI- 
viagejlum^  by  order  of  one  of  their  kings  ; and  from  Ara- 
bic into  Latin,  about  1230,  by  the  encouragement  of 
the  emperor  Frederic  the  2d.  There  were  alfo  other 
verfions  from  the  Arabic  into  Latin  ; and  a manufeript 
of  one,  done  by  GIrardus  Cremonenfis,  who  flourifhed 
about  the  middle  of  the  1 :}.th  century,  Fabricius  fays,  is 
Hill  extant  in  the  library  of  All  Souls  College  in  Ox- 
ford. I'he  Greek  text  of  this  woi.v  began  to  be  read  in 
Europe  in  the  15th  century  ; and  was  firil  publlfhed  by 
Simon  Gryna^us  at  Bafil,  1538,  in  folio,  with  the  eleven 
books  of  commentaries  by  Theon,  who  flourifhed  at 
Alexandria  in  the  reign  of  the  elder  Theodofius.  Irt 
1541  it  was  reprinted  at  Bafil,  with  a Latin  verlioa  by 
George  Trapezond  ; and  again  at  the  fame  place  iu 
1551,  with  the  addition  of  other  works  of  Ptolomy, 
and  Latin  verfions  by  Camerarius.  We  learn  from  Kep- 
ler, that  this  lafl  edition  v/as  ufed  by  Tycho. 

Of  this  principal  woik  of  the  ancient  aftronomers, 
it  may  not  be  improper  to  give  here  a more  partlculan 
account.  In  general,  it  may  be  obferved,  that  thew'ork 
is  founded  upon  the  hypothefis  of  the  earth’s  being  at 
j eH  in  the  centre  of  the  univerfe,  and  that  the  heavenly 
bodies,  the  Ears  and  planets,  all  move  around  it  in  folid 
orlis,  whofe  n^iotioiis  are  all  direded  by  one,  which  Pto- 
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lomy  called  the  Vrimum  Mobile^  or  Firll  Mover,  of 
wliich  he  difeourfes  at  large.  But,  to  be  more  particu- 
lar, this  great  work  is  divided  into  13  books. 

In  the  firdbook,  Ptolorny  (lievvs,  tivat  the  earth  is  in 
the  centre  of  thofe  orbs,  and  of  the  univerfe  itfdf,  as 
he  iindevdood  it : he  reprefents  the  earth  as  of  a fphe- 
rical  figure,  and  but  as  a point  in  comparifon  of  t’ne 
red  of  the  heavenly  bodies:  he  treats  conceinine  the 
leveral  circles  or  the  earth,  and  their  diltances  from  the 
f qiiator ; as  alfo  of  the  right  and  obliepic  afcenfion  of  the 
hea  veiily  bodies  in  a right  fphere. 

In  the  2d  book,  he  treats  of  the  habitable  parts  of 
the  earth;  of  the  elevation  of  the  pole  in  an  oblique 
fphere,  and  the  various  angles  which  the  feveral  circles 
make  with  the  horizon,  according  to  the  different  lati- 
tude of  places  ; alio  of  the  phenomena  of  the  heavenly 
bodies  depending  on  the  fame. 


In  the  3d  book,  he  treats  of  the  quantity  of  the 
year,  and  of  the  unequal  motion  of  the  fun  through  the 
zodiac  : he  here  gives'  the  method  of  computing  the 
mean  motion  of  the  fun,  v/ith  tables  of  the  fame  ; and 
likewiie  treats  of  the  inequality  of  days  and  nights. 

In  the  4th  book,  he  treats  of  the  lunar  motions,  and 
their  various  phenomena  : he  gives  tables  for  finding  the 
rnoon^s  mean  motions,  with  her  latitude  and  longitude  : 
be  diicourfes  largely  concerning  lunar  epicycles  ; and 
by  comparing  the  times  of  a great  number  of  eclipfes, 
mentioned  by  Hipparchus,  Callppus,  and  others,  he 
has  computed  the  places  of  the  fun  and  moon,  accord- 
ing- to  their  mean  motions,  from  the  firfi:  year  of  Na- 
bonazar,  king  of  Egypt,  to  his  own  time. 

In  the  5th  book,  he  treats  of  the  inllrument  called 
the  Alfrolabe  ; he  treats  alfo  of  the  eccentricity  of  the 
lunar  orbit,  and  the  inequality  of  the  moon’s  motion, 
according  to  her  dilfance  from  the  fun  ; he  alfo  gives 
tables,  and  an  univerfal  canon  for  the  inequality  of  the 
lunar  motions  : he  then  treats  of  the  different  afpcCls  or 
phafes  of  the  moon,  and  gives  a computation  of  the 
_diameter  of  the  fun  and  moon,  with  the  magnitude  of 
the  fun,  moon  and  earth  compared  together;  he  dates 
alfo  the  different  meafures  of  the  diftance  of  the  fun  and 
moon,  according  as  they  are  determined  by  ancient 
mathematicians  and  philofophers. 

In  the  6th  book,  he  treats  of  the  conjunAions 
and  oppofitions  of  the  fun  and  moon,  with  tables  for 
computing  the  mean  time  when  they  happen  ; of  the 
boundaries  of  folar  and  lunar  eclipfes  ; of  the  tables  and 
methods  of  computing  the  eclipfes  of  the  fun  and  moon, 
with  many  other  particulars. 

In.  the  7th  book,  he  treats  of  the  fixed  ftars;  and 
fhews  the  methods  of  deferibing  them,  in  their  various 
conftellations,  on  the  furface  of  an  artificial  fphere  or 
globe  : he  redfifies  the  places  of  the  liars  to  his  own 
time,  and  Ihews  how  different  thofe  places  were  then, 
from  what  they  had  been  in  the  times  of  TImocharis, 
Hipparchus,  Ariftillus,  Calippus,  and  others  : he  then 
lays  down  a catalogue  of  the  ftars  in  each  of  the  nor- 
thern conftellations^  with  their  latitude,  longitude,  and 
magnitudes. 

In  the  8th  book,  he  gives  a like  catalogue  of  the 
ftars  in  the  conftellations  of  the  fouthern  hemifphere, 
and  in  the  12  ftgns  or  conftellations  of  the  zodiac.  This 
is  the  firft  catalogue  of  the  ftars  now  extant,  and  forms 


the  moft  valuable  part  of  Ptolomy^s  works.  He  then- 
treats  of  the  galaxy,  or  milky-way  ; alfo  of  the  plane- 
tary afpefts,  with  the  rifing  and  fettiiig  of  the  fun, 
moon,  and  ftars. 

In  the  gth  book,  he  treats  of  the  order  of  the  fun, 
moon,  and  planets,  with  the  penodical  revolutions  of 
the  five  planets  ; then  he  gives  tables  of  the  mean  mo- 
tions, beginning  witli  the  theory  of  Mercury,  and 
fhewing  its  various  phenomena  with  refpect  to  the 
earth. 

The  10th  book  begins  with  the  theory  of  the  planet 
Venus,  treating  of  its  greateft  diftance  from  the  fun  ; 
of  its  epicycle,  eccentricity,  and  periodical  motions; 
it  then  treats  of  the  fame  particulars  in  the  planet 
Mars. 

The  I ith  book  treats  of  the  fame  circumPcances  in.  . 
the  theory  of  the  planets  Jupiter  and  Satiirih.  It  alfo 
corredls  all  the  planetary  motions  from  obfervations 
made  from  the  time  of  Nabonazar  to  his  own. 

The  I2tli  book  treats  of  the  retroerreffive  motion  of- 
the  feveral  planets  ; giving  alfo  tables  of  their  ftations, 
and  of  the  greateft  diftances  of  Venus  and  Mercury 
from  the  fun. 

The  I 3th  book  treats  of  the  feveral  bypothefes  of  the 
latitude  of  thie  five  planets  ; of  the  greateft  latitude,  or 
inclination  of  the  orbits  of  the  five  planets,  which  arc 
computed  and  difpofed  In  tables  ; of  the  rifing  and  fet- 
ting  of  the  planets,  with  tables  of  them.  Then  follows 
a conclufion  or  winding  up  of  the  whole  work. 

This  great  work  of  Ptolomy  will  always  be  valuable 
on  account  of  the  obfervations  he  gives  of  the  places  of 
the  ftars  and  planets  in  former  times,  and  according  toP 
ancient  philofophers  and  aftronomers  that  were  then^ 
extant  ; but  principally  on  account  of  the  large  and  cu- 
rious catalogue  of  the  ftars,  which  being  compared 
with  their  places  at  prefent,  we  thence  deduce  the  true 
quantity  of  their  flow  progrefiive  motion  according  to 
the  order  of  the  figns,  or  of  the  preceflion  of  the  equi-- 
noxes. 

Another  great  and  important  work  of  Ptolomy  was,,- 
his  Geography^  in  7 books ; in  which,  with  his  ufual 
fagacity,  he  fearches  out  and  marks  the  fituation  of 
places  according  to  their  latitudes  and  longitudes  ; and 
he  was  the  firft  that  did  fo.  Though  this  work  muft; 
needs  fall  far  ftiort  of  perfeAion,  through  the  want  of 
neceffary  obfervations,  yet  it  is  of  conftderable  merit, 
and  has  been  very  ufeful  to  modern  geographers.  Cella- 
rliis  indeed  fufpeefts,  and  he  was  a very  competent, 
judge,  that  Ptolomy  did  not  ufe  all  the  care  and  appli- 
cation which  the  nature  of  his  work  required  ; and  his. 
reafon  is,  that  the  author  delivers  himfelf  with  the  fame 
fluency  and  appearance  of  certainty,  concerning  things 
and  places  at  the  remoteft  diftance,  which  it  was  impof- 
fible  be  could  know  any  thing  of,  that  he  does  con- 
cerning thofe  which  lay  the  neareft  to  him,  and  fail  the 
moft  under  his  cognizancce  Salmafmshad  before  made 
fome  remarks  to  the  fame  purpofe  upon  this  work  of  • 
Ptolomy.  Tlie  Greek  text  of  this  v/ork  was  firft  pub- 
lifhed  by  itfelf  at  Bafil  in  1533,  in  410  : afterward  with, 
a Latin  verfton  and  notes  by  Gerard  Mercator  at  Am- 
flerdam,  1605  ; which  laft  edition  was  reprinted  at  the 
fame  place,  16  iS,  in  folio,  with  neat  geographical  ta- 
bles, by  Bertius, 
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Otliei*  Works  of  Ptolomy,  though  lefs  conhderable 
than  thefe  two,  are  Hill  extant.  As,  Lthr'i  quatuor  de 
Jud'icits  AJlrornmy  upon  the  flrft  two  books  of  which 
Cardan  wrote  a commentary. — FruElas  Lihrorum  fuon!m\ 
a kind  of  fupplement  to  the  former  work. — Recenfto 
Chronologica  Regnm  : this,  with  another  work  of  Pto- 
lomy, De  Hypothefthus  Planetarunty  was  publilhed  in 
1620,  4to,  by  John  Bainbridge,  the  Savilian  profelTor 
of  Aflroromy  at  Oxford  : And  Scaliger,  Petavius, 
JDodwell,  and  the  other  chronological  writers,  have 
made  great  ufe  of  it. — Appareniix  Stellarum  Incrrantium  : 
this  was  publifned  at  Pans  by  Petavius,  with  a Latin 
verlion,  1630,  in  folio;  but  from  a mutilated  copy, 
the  defeefs  of  which  have  lince  been  fupplied  from  a 
perfedt  one,  which  Sir  Henry  Saville  had  communi- 
cated to  archbifhop  Ulher,  by  Fabricius,  in  the  3d  vo- 
lume oi  )\\&  Bihlrotheca  Graca. — RIemenforum  Harmonlco- 
rum  libri  tres  ; publifhed  in  Greek  and  Latin,  with  a 
commentary  by  Porphyry  the  philofopher,  by  Dr.  Wal- 
lis at  Oxford,  1682,  in  4to  ; and  afterwards  reprinted 
there,  and  inferted  in  the  3d  volume  of  Wallis’s  works, 
1699,  In  folio, 

Mablllon  exhibits,  in  his  German  Tran^eh,  an  effigy 
of  Ptolomy  looking  at  the  ilars  through  an  optical  tube ; 
which  effigy,  he  fays,  he  found  in  a maiiufcript  of  tlie 
13th  century,  made  by  Comadus  a monk.  Hence 
fome  have  fancied,  that  the  ufe  of  the  telefcope  was 
knowm  to  Conradus.  But  this  Is  only  matter  of  mere 
Gonjedlure,  there  being  no  facts  or  tefllmonies,  nor  even 
probabilities,  to  fupport  fuch  an  opinion. 

It  is  rather  likely  that  the  tube  was  nothing  more 
than  a plain  open  one,  employed  to  ftrengthen  and  de- 
fend the  eye-fight,  when  looking  at  particular  ffars,  by 
excluding  adventitious  rays  from  other  ffars  and  objedts  ; 
a contrivance  which  no  obferver  of  the  heavens  can  ever 
be  fuppofed  to  have  been  without. 

PULLEY,  one  of  the  five  mechanical  powers  ; con- 
fifling  of  a little  wheel,  being  a circular  piece  of  wood 
or  metal,  turning  on  an  axis,  and  having  a channel 
around  it,  in  its  edge  or  circumference,  in  which  a 
cord  Hides  and  fo  raifes  up  weights. 


The  Latins  call  it  Trochlea  ; and  the  fearaen,  when 
feUed  with  a rope,  a Tackle.  An  affemblage  of  feveral 


Pulleys  is  called  a Syftem  of  Pulleys,  or  Polyffipallon  ; 
fome  of  which  ar«  in  a block  or  cafe,  which  Is  fixed  | 
and  others  in  a block  which  is  moveable,  and  rifes  with 
the  weight.  The  wheel  or  rundle  is  called  the  Sheave 
or  Shiver ; the  axis  on  which  it  turns,  the  Gudgeon  ; 
and  the  fixed  piece  of  wood  or  iron,  into  which  it  is 
put,  the  Block. 

DoBrine  of  the  Pulley. — 1,  If  the  equal  weights 
P and  W hang  by  the  cord  BB  upon  the  pulley  A, 
whole  block  b is  fixed  to  the  beam  HI,  they  will  coun- 
terpoile  each  other,  juft  in  the  fame  manner  as  if  the 
cord  were  cut  in  the  middle,  and  its  two  ends  hung  upon 
the  hooks  fixed  In  the  Pulley  at  A and  A,  equally  dif- 
tant  from  the  centre. 

Hence,  a fingle  Pulley,  if  the  lines  ©f  diredfion  of 
the  power  and  the  weight  be  tangents  to  the  periphery', 
neither  affifts  nor  impedes  the  power,  but  only  changes 
its  direction.  The  ufe  of  the  Pulley  therefore,  is  when 
the  vertical  direction  of  a power  Is  to  be  changed  Into  un 
horizontal  one ; or  an  afeending  direftion  Into  a defeend- 
ing  one  ; R.c.  This  is  found  a good  provilion  for  the 
fafety  of  the  workmen  employed  in  drawing  with  the 
Pulley.  And  this  change  of  diredlion  by  means  of  a 
Pulley  has  this  farther  advantage  ; that  if  any'  power 
can  exert  more  force  in  one  diredtlon  than  another,  we 
are  hence  enabled  to  employ  It  with  its  greateft  effeft' ; 
as  for  the  convenience  of  a horfe  to  draw  in  a horizon- 
tal diredfion,  or  fuch  like. 

But  the  great  ufe  of  the  Pulley  is  in  combining  feve- 
ral  of  them  together  ; thus  forming  what  Vitruvius 
and  others  call  Polyfpafla  ; the  advantages  of  which 
are,  that  the  machine  takes  up  but  little  room,  Is  eafi- 
ly  removed,,  and  raifes  a very  great  weight  with  a mo- 
derate force. 

2.  When  a weight  W hangs  at  the  lower  end  of  the 
moveable  block />  of  the  Pulley'  D,  and  the  chord  GF 
goes  under  the  Pulley',  it  is  plain  that  the  part  G of 
the  cord  bears  one  half  of  the  weight  W,  and  the  part 
F the  other  half  of  It  ; fortliey  bear  the  whole  between 
them  ; therefore  whatever  holds  the  upper  end  of  cither 
rope,  fuftalns  one  half  of  the  weiglit  ; and  thus  the 
power  P,  which  draws  the  cord  F by  means  of  the  cord 
E,  paffing  over  the  fixed  pulley  C,  will  fuflain  the 
weight  W when  Itsintenfity  is  only  equal  to  the  half  of 
W ; that  is,  in  the  cafe  of  one  moveable  Pulley,  the 
power  gained  is  as  2 to  1,  or  as  the  number  of  ropes 
G mid  F to  the  one  rope  E. 

In  like  manner,  in  the  cafe  of  two  moveable  Pulleys 
P and  L,  each  of  thefe  alfo  doubles  the  power,  and  pro- 
duces a gain  of  4 to  i,  or  as  the  number  of  the  ropes 
Q,  M,  S,  K,  fuftaining  the  weight  W,  to  tlie  i rope 
O fuflaining  the  power  T ; that  is,  W is  to  T as  4 to  ^ 
I,  And  fo  on,  for  any  number  of  moveable  Pulley's, 
viz,  3 fuch  Pulleys  producing  an  increafe  of  power  as  6 
to  I ; 4 Pulleys,  as  8 to  I ; &c  ; each  pow'er  adding  2 
to  the  number.  AUb  the  effeft  Is  the  fame,  when  fkc 
Pulleys  are  difpofed  as  in  the  fixed  block  X,  and  the 
other  two  as  In  the  moveable  block  Y ; thefe  in  the 
lower  block  giving  the  fame  advantage  to  the  power, 
when  they  rife  all  together  in  one  block  with  the 
weight. 

But  if  the  lower  Pulleys  do  not  rife  all  together  in  one 
block  with  the  weight,  but  add  upon  one  another,  hav- 
ing the  weight  only  faftened  to  the  loweft  of  them,  the 
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foi  'ce  of  the  power  is  ftill  inore  incrcafed,  each  power 
doubling  the  former  niimhers,  the  gain  of  power  in  this 
cafe  proceeding  in  the  geometrical  progrefilon,  r,  2, 
4,  8,  16,  &c,  according  to  the  powers  of  2;  where- 
as in^  the  former  cafe,  the  gain  was  only  in  arithmetical 
'progrtfTion,  increafmg  by  the  additir)n  of  2.  Thus,  a 
power  whofe  intenfity  is  equal  to  81b  applied  at  a will, 
by  means  of  the  lower  Pulley  A,  iuliain  l6ibj  and  a 
power  equal  to  41b  at  by  means 
of  the  Pulley,  will  fuilain  the 
power  of  81b  adfing  at  a,  and  con- 
lequently  the  weight  of  i61b  at 
W ; alfo  a third  power  equal  to 
«lb  at  r,  by  means  of  the  Pulley 
C,  willfuflain  the  power  of  qib  at 
I ; and  a 4th  power  of  ilb  at  r/,  by 
means  of  the  Pulley  D,  will  fuf- 
tain  the  power  2 at  e,  and  confe- 
quently  the  power  4 at  B,  and 
the  po\¥cr  8 at  A,  and  the  weight 
l6at  W. 

3.  It  is  to  be  noted  howcrer, 
that,  in  whatever  proportion  the 
power  is  gained,  in  that  very  fame 
proportion  is  the  length  of  time 
incrcafed  to  produce  the  fame  cf- 
fedf.  For  when  a power  moves  a 
weight  by  means  of  feveral  Pulleys, 
the  fpace  pafied  over  by  the  power 
ds  to  the  Ipace  paffed  over  by  the 
weight,  as  the  weight  is  to  the 
power.  Hence,  the  imaller  a force 
k that  fuftains  a weight  by  means 
pf  Pulkys,  the  flower  is  the  weight  raffed  ; fo  that  what 
is  faved  or  gained  in  force,  ig  always  fpent  or  loil  in 
time  ; which  is  the  general  property  of  all  the  mechani- 
cal powers. 

The  ufiial  methods  of  arranging  Pulleys  in  their 
'blocks,  may  be  reduced  to  two.  The  lirit  confifts  in 
placing  them  one  by  the  fide  of  another,  upon  the  kime 
pin  I the  other,  in  placing  them  directly  under  one  ano- 
ther,^ upon  feparate  pins.  Each  of  thefe  methods  how» 
ever  is  liable  to  pnconvenience  ■;  and  Mr.  Smeaton,  to 
avoid  the  impediments  to  which  thefe  combinations  are 
fubjeef,  propqfes^to  combine  thefe  two  methods  in  one. 
See  the  Fhilob  Tianf  voL  4),  pa.  494. 

iSome  milanccs  ot  inch  combinations  of  Pulleys  are 
exhibited  in  the  follow'? ng  figures  | befule  which,  there 
are  alfo  other  varieties  of  forms. 


A very  confiderable  Improvement  in  the  conflrudfion 
of  Pulleys  has  been  made  by  Mr,  James  White,  who 
has  obtained  a patent  for  his  invention,  and  of  which 
he  gives  the  follow'ing  defeription.  The  lad  of  the 
three  following  figures  fhews  thc-machine,  confiding  of 
two  Pulleys  R,  one  fixed  and  the  other  move- 

able.  Eacn  of  thefe  has  fix  concentric  grooves,  capa- 
ble of  having  a line  put  round  them,  and  tluis  acting 
like  as  many  different  Pulleys,  having  diameters  equal 
to  thoie  of  the  grooves.  Suppofing  then  each  of  the 
grooves  to  be  a diflincf.  Pulley,  and  that  all  their  dia- 
meters were  equal,  it  is  evident  that  if  the  weight  144 
were  to  be  raifed  by  pulling  at  S til!  the  Pulley's  touch 
each  other,  the  firil  Pulley  mufi  receive  the  lengt(i  of 
line  a&many  times  as  tliere  are  parts  of  the  line  hanging 


between  it  and  the  lower  Pulley.  In  the  prefent  cafe» 
there  are  12  lines,  <5,  r/,  yfi  &c,  hanging  between  tii£ 


two  pulleys,  formed  by  its  revolution  about  the  fix  upper 
lower  grooves.  Hence  as  mucii  line  mud  pafs  over  the 
uppermoft  Pulley  as  is  equal  to  twelve  times  the  didance 
of  the  two.  But,  from  an  infpeclion  of  the  figure,  it 
Is  plain,  that  the  fecond  Pulley  cannot  receive  the  full 
quantity  of  line  by  as  much  as  is  equal  to  the  diftance 
betwixt  it  and  die  iiril.  In  like  manner,  the  third 
Pmlley  receives  lefs  than  the  firft  by  as  much  as  is  the 
diftance  between  the  firft  and  third  ; and  fo  on  to  the 
laft,  which  receives  only  one  twelfth  of  the  whole.  For 
this  receives  its  ftiare  of  line  n from  a fixed  point  in  the 
upper  frame,  which  gives  it  nothing  ; while  all  the 
others  in  the  fame  frame  receives  the  line  partly  by  turn- 
ing to  meet  it,  and  partly  by  the  line  coming  to  meet 
them. 

Suppofing  now  thefe  Pulleys  to  be  equal  in  fize,  and 
to^  move  freely  as  the  line  determines  them,  it  appears, 
evident,  from  the  nature  of  the  fyftem,  that  the  num- 
ber of  their  revolutions,  and  confequently  their  veloci- 
ties, muft  he  in  proportion  to  the  number  of  fufpend- 
ing  parts  that  are  between  the  fixed  point  above  mbji- 
tioned  and  each  Pulleys  reipeclively.  Thus  the  outer- 
moft  Pulley  would  go  twelve  times  round  in  the  time 
that  the  Pulley  under  which  the  part  of  the  line,  if 
equal  to  it,  would  revolve  only  once  j and  the  Interme- 
diate times  and  velocities  would  be  a feries  of  arithme- 
tical proportionals,  of  which,  if  the  firft  number  were 
I,  the  lal^^would  always  be  equal  to  the  whole  number 
of  terms.  Since  then  the  revolutions  of  equal  and  diftirift 
PuUeys  are  meafored  by  their  velocities,  and  that  it  is 
|>ofiibIe  to  find-any  proportion  of  velocity,  on  a fingle 
Dody  riinningon  4 centre,  vi*/,  by  finding  proportionate 
diftances  fixmn  that  centre;  it  follows,  that  if  the  dia- 
meters of  certain  grooves  in  the  fanre  fubftance  be  ex- 
actly adapted  to  the  above  fories  (the  line  itfelf  being 
fuppofed  inelafticj  and  of  no  magnitude)  the  neceffity 
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e?  ufung  feveral  Pulleys  in  each  frame  v/lll  be  obviated, 
and  with  that  fome  of  the  iiiconveniencies  to  which  the 
life  of  the  Pulley  isjiable. 

In  the  figure  referred  to,  the  coils  of  rope  by  which 
the  weight  is  fupported,  are  reprefented  by  the  lines 

I’,  c Sic  a IS  the  line  of  traflion^  commonly  called 
the  {ail,  which  paffes  over  and  under  tlie  proper  grooves, 
until  it  is  fetlencd  to  the  upper  frame  juft  above  n.  In 
.practice,  however,  the  grooves  are  not  arithmetical 
proportions,  nor  can  they  be  fo  ; for  the  diameter  of 
the  rope  employed  rniift  in  ail  cafes  be  dedufled  from 
each  term  ; without  'which  the  fmaller  grooves,  to 
which  the  find  diameter  bears  a larger  proportion  than 
to  the  larger  ones,  will  tend  to  rife  and  fall  fafter  than 
they,  and  tluis  introduce  worfc  defeats  than  thofe  which 
tliey  were  intended  to  obviate. 

The  principal  advantage  nf  this  kind  of  Pulley  is, 
that  it  deftroys  lateral  fridion,  and  that  kind  cT  fiiak- 
ing  motion  wliich  is  fo  inconvenient  in  the  common 
Pulley.  And  left  (fays  Mr.  White)  this  circumllance 
flioLiid  give  the  idea  of  wcakncfs,  I would  obferve,  that 
to  have  pins  for  tlie  pulleys  to  run  on,  is  not  the  only 
nor  perhaps  the  heft  method  ; but  that  I fometimes  ufe 
centres  fixed  to  the  Pulleys,  and  revolving  on  a very 
fliort  bearing  in  the  fide  of  the  frame,  by  which  ftrength 
isincreafed,  and  friflion  very  much  diminiflicd  ; for  to 
the  laft  moment  the  motion  of  the  Pulley  is  perfedlly 
circular:  and  this  very  circumftance  is  the  caufe  of  its 
not  wearing  out  in  the  centre  as  foon  as  it  would,  af- 
fifted  by  the  ever  increafing  irregularities  of  a gullied 
bearing.  P hefe  Pulleys,  when  well  executed,  apply  to 
jacks  and  other  machines  of  that  nature  with  peculiar 
advantage,  both  as  to  the  time  of  going  and  their  own 
durability  ; and  it  is  pofiible  to  produce  a fyftcm  of  Pul- 
leys of  this  kind  of  fix  or  eight  parts  only,  and  adapted 
to  the  pockets,  which,  by  means  of  a ficain  of  fewing 
lllk,  or  a clue  of  common  thread,  will  raife  upwards  of 
an  hundred  weight. 

As  a fyftem  of  Pulleys  has  no  great  weight,  and  lies 
in  a fmall  compafs,  it  is  eafily  carried  about,  and  can 
be  applied  for  railing  weights  in  a great  many  cafes, 
where  other  engines  cannot  be  ufed.  But  they  are  fub- 
jedt  to  a great  deal  of  fri6bion,  on  tlie.  following  ac- 
counts; viz,  III,  bccaufe  the  diameters  of  their  axes 
bear  a very  conllderable  proportion  to  their  own  diame- 
ters; ad,  becaufe  in  working  they  are  apt  to  rub 
againft  one  another,  or  againll:  the  fidcs  of  the  block  ; 
3dly,  becaufe  of  the  ftiffnefs  of  the  rope  that  goes  over 
and  under  them.  iSee  Fergiifon’s  Mech.  pa,  37,  410. 

but  the  frittion  of  the  Pulley  is  now  reduced  to  no- 
thing as  it  were,  by  the  ingenious  xVIr.  Garnett’s  pa- 
tent fridtion  rollers,  which  produce  a great  laving  of  la- 
bour and  expence,  as  well  as  in  the  Wear  of  the  ma- 
chine, both  when  applied  to  Pulleys  and  to  ihe  axles  of 
wheel-carriages.  Piis  general  principle  is  this  ; between 
the  axle  and  nave,  or  centre  pin  and  box,  a hollow  fpace 
is  left,  to  be  filled  up  by  folid  ecjual  rollers  nearly 
touching  each  other.  Thefe  are  furnilhed  wuth  axles 
inferted  into  a circular  ring  at  each  end,  by  which  their 
relative  diftances  are  preferved  ; and  they  are  kept  pa- 
rallel by  means  of  wires  faftehed  to  the  rings  betweeiv 
the  rollers,  and  which  are  rivetted  to  them. 

The  above  contrivance  is  exhibited  in  the  annexed 
%urc;  where  ABCD  reprefents  a piece  of  metal  to 


be  Inferted  info  the  box  or  nave,  ©f  which  E is  the  centre- 
pin  oh  axle,  and  i,  i,  i,  (See,  rollers  of  metal  having 


axes  inferted  in  the  brazen  circle  which  paffes  through 
their  centres  ; and  both  circles  being  rivetted  together 
by  means  of  bolts  pafling  between  the  rollers  from  one 
iide  of  the  nave  to  the  other  ; and  thus  they  are  always 
kept  feparate  and  parallel. 

PUMP,  in  Hyd  raulics,  a machine  for  i-aifing  water,, 
and  other  fluids. 

Pumps  are  probably  of  very  ancient  ufc.  Vitruvius 
aferibes  the  invention  to  Ctefebes  of  Athens,  fome  fay 
of  Alexandria,  about  1:0  years  before  Chrift.  They 
are  now  of  various  kinds.  As  the  Sucking  Pump,  the 
Lifting  Pump,  the  Forcing  Pump,  Ship  Pumps,  Chain 
Pumps,  &c.  By  means  of  the  lifting  and  forcing 
Pumps,  w'ater  may  be  raifed  to  any  height,  with  a fuf- 
ficicnt  power,  and  an  adequate  apparatus  : but  by  the 
fucking  Pump  the  water  may,  by  the  general  preffure  of 
the  atmofphere  on  the  furface  of  the  well,  be  raifed 
only  about  33  34  > though  in  pradfice  it  is  fel- 

dom  applied  to  the  railing  it  much  above  28  ; becaufe, 
from  the  variations  obferved  in  the  barometer,  it  appears 
that  the  air  may  fometimes  be  lighter  than  33  feet  of 
water ; and  whenever  that  happens,  for  want  of  the 
due  counterpoife,  this  Pump  may  fail  in  its  perform- 
ance. 

‘The  Common  Sucking  Pump. — This  confifts  of  a pipe, 
of  wxiod  or  metal,  open  at  botli  ends,  having  a fixed 
valve  in  the  lower  part  of  it  opening  upwards,  and  a 
moveable  valve  or  bucket  by  which  the  water  is  drawn 
or  lifted  up.  This  bucket  is  juft  the  fizeof  the  bore  of 
the  Pump-pipe,  in  that  part  where  it  works,  and  lea- 
thered round  fo  as  to  fit  it  very  dole,  that  no  air  may 
pals  by  the  fides  of  it  ; tlie  valve  hole  being  in  the  mid- 
dle of  the  bucket.  The  bucket  is  commonly  worked  in 
the  upper  pait  of  the  barrel  by  a fiiort  rod,  and  another 
fixed  valve  placed  juft  below  the  defeent  of  the  bucket: 
Thus,  (fig.  1,  pi.  23),  AB  is  the  Pump-pipe,  C thd 
lower  fixed  valve,  opening  upwards,  and  F)  is  the 
bucket,  or  moving  valve,  alfo  opening  upwards. 

In  w'orking  the  Pump;  draw  up  the  bucket  D,  by 
means  oi  the  Pump  rod,  having  any  fort  of  a handle 
fixed  to  it  : this  draws  up  the  water  that  is  above  it,'  o^ 
if  not,  the  air  ; in  either  cafe  the  water  pnflics  up  the 
valve  C,  and  enters  to  fupply  the  void  left  between  C 
and  D,  being  pufhed  up  by  the  preffure  of  the  atmo- 
fphere on  the  furface  of  the  water  in  the  well  below. 
Next,  the  bucket  D is  puflied  downj  which  (huts  the 
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valve  C,  and  prevents  the  return  of  the  water  downwards, 
. which  opens  the  valve  D,  by  which  the  water  afeends 
above  it.  And  thus,  by  reperaing  the  ftrokes  of  the 
Pump-rod  handle,  the  valves  alternately  open  and  flint, 
and  the  water  is  drawn  up  at  every  flroke,  and  runs  out 
at  the  uozlc  or  fpout  near  the  top. 

T-he  Lifting  Pump  differs  from  the  fucking  Pump 
only  in  the  dlfpofition  of  its  valves  and  the  form  of  its 
pitlon  frame.  '^Phis  kind  of  Pump  is  reprefen  ted  in  fig, 
2,  pi.  23  ; where  the  lower  valve  D is  moveable,  being 
worked  up  and  down  with  the  Pump  rod,  which  lifts 
the  water  up,  and  fo  opens  the  upper  valve  C,  which  is 
fixed,  and  permits  the  water  to  iffue  through  it,  and 
run  out  at  top.  T^hen  as  the  pifton  D defeends,  the 
weight  of  the  water  above  C fhuts  tliat  valve  C,  and  fo 
prevents  its  return,  till  tliat  valve  be  opened  again 
.another  lift  of  the  piflon  D.  And  fo  alternately. 

The  Forcing  Pump  raifes  the  water  thiough  the  fuck- 
er, or  lower  valve  C (fig.  3,  pi,  23),  in  the  fame  man- 
ner as  the  fucking  Pump  ; but  as  the  pifton  or  plunger 
D has  no  valve  in  it,  the  water  cannot  get  above  it 
wdien  this  is  pufhed  down  again;  inftcad  of  which,  a 
fde  pipe  is  inferted  between  C and  D,  having  a fixed 
valve  at  E opening  upwards,  through  which  the  water 
is  forced  out  of  the  Pump,  by  pufliing  dowui  the 
plunger  1). 

Obfr^oations  on  Pumps. — The  force  required  to  work 
a Pump,  is  equal  to  the  weight  of  water  raifed  at  each 
ilrcke,  or  equal  to  the  weight  of  water  filling  the  cavity 
of  the  pipe,  and  its  height  equal  to  the  length  of  the 
ftroke  made  by  the  pifton.  Plence  if  d denote  the  dia- 
^leter  ©f  the  pipe,  and  / the  length  of  the  flroke,  both 
Cl  inches;  then  is  *7854^/2/ ^he  content  of  the  water 
raifed  at  a flroke,  in  inches,  or  *0028^*/ in  ale  gallons ; 

,1  -1  r • • d'^l 

ana  the  weight  of  it  is ounces  or lb.  But  if 
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the  handle  of  the  pump  be  a lever  which  gains  in  the 
power  of  / to  I,  the  force  of  the  hand  to  work  the 

dH 


Pump  will  be  only 
jftance,  it  will  be 


dT 
17600 


lb,  or,  when  p is  ^ for  in- 
lb. And  all  thefe  over  and 


above  the  friflion  of  the  moving  parts  of  the  Pump. 

To  the  forcing  Pump  is  fometimes  adapted  an  air  vef- 
..fel,  which,  beingcompreffed  by  the  water,  by  its  elaf- 
ticity  a6ls  iipon  the  water  again,  and  forces  it  out  to  a 
great  diitance,  and  in  a continued  ftream,  infteadofby 
Jeiks  or  jets.  So,  Mr.  Newftiam’s  water  engine,  for 
extinguifliing  fire,  confifts  of  two  forcing  Pumps, 
which  alternately  drive  water  into  a clofe  veflel  of  air, 
by  which  means  the  air  in  it  is  condenfed,  and  com- 
preftes  the  water  fo  ftrongly,  that  it  rufhes  out  with 
great  jmpetuofity  and  force  through  a pipe  that  comes 
doi^n  jsto  it,  making  a continued  uniform  ftream. 

By  .means  of  forcing  Pumps,  water  may  be  raifed  to 
height  whatever  above  the  level  of  a river  or  fpring  ; 
and  machines  may  be  contrived  to  work  thefe  Pumps^ 
Cither  by  a running  ftream,  a fall  of  water,  or  by  horfes. 
^ Ctefhds  Pump,  ads  both  by  fuaion  and  by  preffion. 
rhus,  a biafs  cylinder  ABCP  (%.  5,  pi.  23)  fur- 
niined  with  a valve  at  -L,  is  placed  in  the  water.  In  this 
pifton  KM,  made  of  green  wood,  which 
^iU  pot  fweU  ia  the  water,  and  is  adjufted  to  the 


aperture  of  the  cylinder  with  a covering  of  leather.^ 
but  without  any  valve.  Another  tube  NH  is  fitted 
on  at  H,  with  a valve  I opening  upwards. — Now  the  pif- 
ton  being  raifed,  the  water  opens  the  valve  L,  and  rifes 
into  the  cavity  of  the  cylinder.  When  the  pifton  isde- 
prefled  again,  the  valve  I is  opened,  and  the  water  is 
driven  up  through  the  tube  Hlsh 

This  was  the  Pump  iifcd  among  the  Ancients,  and 
that  from  which  both  the  others  have  been  deduced.  Sir 
Samuel  Morland  has  endeavoured  to  increafe  its  force 
by  leflening  the  fn'dlion  ; which  he  has  done  to  good 
effedl,  fo  as  to  make  it  work  witli  very  little. 

There  are  various  kinds  of  Pumps  ^ufed  in  ftiips,  for 
throwing  the  water  out  of  the  hold,  and  upon  other  oc- 
cafions,  as  the  Chain  Pump,  &c. 

Air-Pvu?,  in  Pneumatics,  is  a machine,  by  means 
of  which  the  air  is  emptied  out  of  veftels,  and  a kind 
of  vacuum  produced  in  them.  For  the  particulars  of 
which,  fee  AiK-Pump. 

PUB.' CHEON,  a meafure  for  liquids,  containing 
-3-  of  a tun,  or  a hogftiead  and  or  84  gallons. 

PUIsCPi IB'S,  or  PuNCHioNs,  in  Building,  Jfhort 
pieces  of  timber  placed  to  fupport  fome  confiderable 
weight. 

PUNCTAPED  Hyperloluf  in  the  higher  geometry, 
an  hyqierbola  whofe  conjugate  oval  is  infinitely  fmall, 
that  is,  a point, 

PUNCTUM  ex  Comparatione,  is  either  focus,  in 
the  ellipfe  or  hyperbola  ; fo  called  by  Apollonius,  be- 
caufe  the  redangle  under  two  abfeiffes  made  at  the  fo- 
cus, is  equal  to  one  fourth  part  of  what  he  calls  the  fi- 
gure, which  is  the  fquarc  of  the  conjugate  axis,  or  the 
rcdangle  under  the  tranfverfe  and  the  parameter. 

PURBACH  (George),  a very  eminent  mathema- 
tician and  aftronomer,  was  born  at  Purbach,  a town 
upon  the  confines  of  Bavaria  and  Auftria,  in  1423,  and 
educated  at  Vienna.  He  afterwards  vifited  the  moft  ce- 
lebrated univerfities  in  Germany,  France,  and  Italy  ; 
and  found  a particular  friend  and  patron  in  cardinal 
Cufa  at  Rome.  Returning  to  Vienna,  he  was  appointed 
mathematical  profelfor,  in  which  office  he  continued  till 
his  death,  which  happened  in  1461,  in  the  39th  year  of 
his  age  only,  to  the  great  lofsof  the  learned  vi'orld. 

Purbach  compofed  a great  number  of  pieces,  upon 
mathematical  and  aftronomical  fubjeds  ; and  his  fame 
brought  many  ftudents  to  Vienna,  and  among  them, 
the  celebrated  Regiomontanus,  between  whom  and 
Purbach  there  fubfifted  the  ft rideft  friendfhip  and  union 
of  ftudies  till  the  death  of  the  latter.  Phefe  two  la- 
boured together  to^  improve  every  branch  of  learning, 
by  all  the  means  in  their  power,  though  aftrononfy 
feems  to  have  been  the  favouriteof  both  ; and  had  not 
the  immature  death  of  Purbach  prevented  his  further 
purfuits,  there  is  no  doubt  but  that,  by  their  joint  in- 
duftry,  aftronomy  would  have  been  carried  to  very  great 
perfedion.  That  this  is  not  merely  furmife,  may  be 
learnt  from  thofe  improvements  which  Purbach  adually 
did  make,  to  render  the  ftudy  of  it  more  eafy  and  prac- 
ticable. His  firft  eftay  was,  to  amend  the  Latin  tranf- 
lation  of  Ptolomy’s  Almageft,  which  had  been  made 
from  the  Arabic  verfion : this  he  did,  not  by  the  help 
of  the  Greek  text,  for  he  was  unacquainted  with  that 
language,  but  by  drawing  the  moft  probable  conjedures 
from  a ftrid  attention  to  the  fenfe  of  the  author. 

He 
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Hfe  then  proceeded  to  other  works,  and  among  them, 
he  wrote  a tra^l,  which  he  entitled,  An  IntroduBwn  to 
Arithmetic  ; then  a treatife  on  Gnomonlcs,  or  Dialling, 
with  tables  fuited  to  the  difference  of  climates  or  lati- 
tudes ; llkewife  a fmall  ti  adl  concerning  the  Altitudes  of 
the  Sun,  with  a table  ; alfo,  Afrolahic  Canons,  with  a 
table  of  the  parallels,  proportioned  to  every  degree  of 
the  equinodflal. 

After  this,  he  conlfrudled  Solid  Spheres,  or  Celeflial 
Globes,  and  compofed  a new  table  of  hxed  liars,  'add- 
ing the  longitude  by  which  every  liar,  fince  the  time 
of  Ptolomy,  had  increafed.  He  likewife  invented  va- 
rious other  inflruments,  among  which  was  the  Gno- 
mon, or  Geometrical  Square,  with  canons  and  a table 
for  the  ufe  of  it. 

He  not  only  colledted  the  various  tables  of  the 
Primum  Mobile,  but  added  new  ones.  He  made  very 
great  improvements  in  Trigonom.etry,  and  by  intro- 
ducing the  table  of  Sines,  by  a decimal  divifion  of  the 
radius,  he  quite  changed  the  appearance  of  that  fcience  : 
he  fnppofed  rhe  ladius  to  be  divided  into  600000  equal 
parts,  and  computed  the  fines  of  the  arcs,  for  every 
ten  minutes,  in  fuch  equal  parts  of  the  radius,  by  the 
decimal  notation,  inllead  of  the  duodecimal  one  deli- 
vered by  the  Greeks,  and  preferved  even  by  the  Ara- 
bians till  our  author’s  time  ; a projedl  which  was  com- 
pleted by  his  friend  Regiomontanus,  who  computed 
the  fines  to  every  minute  of  the  quadrant,  in  looceooth 
parts  of  the  radius. 

Having  prepared  the  tables  of  the  fixed  flars,  he 
next  undertook  to  reform  thofe  of  the  planets,  andcon- 
flrufled  fome  entirely  new  ones.  Having  finilhed  his 
tables,  he  wrote  a kind  of  Perpetual  Almanac,  but 
chiefly  for  the  moon,  anfwering  to  the  periods  of  Me- 
lon and  Calippus  ; alfo  an  Almanac  for  the  Planets,  or, 
as  Regiomontanus  afterwards  called  it,  an  Ephemerls, 
for  many  years.  But  obferving  there  were  fome  pla- 
nets in  the  heavens  at  a great  diftance  from  the  places 
where  they  were  deferibed  to  be  in  the  tables,  particu- 
larly the  fun  and  moon  (the  cclipfes  of  which  were  ob- 
ferved  frequently  to  happen  very  different  from  the  times 
predidled),  he  applied  himfclf  to  conftrucl  new  tables, 
particularly  adapted  to  eclipfes  ; which  were  long  after 
famous  for  their  exadfnefs.  To  the  fame  time  maybe 
referred  his  finifliing  that  celebrated  work,  entitled, 
A New  Theory  of  the  Planets,  which  Regiomontanus 
afterwards  publifhed  the  firfl:  of  all  the  works  executed 
at  his  new  printing-houfe. 

PURE  Hyperbola,  is  an  Hyperbola  without  any 
oval,  node,  ciifp,  or  conjugate  point  ; which  happens 
through  the  impoffibility  of  two  of  Its  roots. 

Pure  Mat  hematics,  Prppoftion,  ^adratics,  fee, 
See  thefeveral  articles. 

PURLINES,  in  Architediure,  thofe  pieces  of  tim- 
ber that  lie  acrofs  the  rafters  on  the  infide,  to  keep 
them  from  finking  In  the  middle  of  their  length. 

PYRAMID,  a folid  having  any  plane  figure  for 
'Its  bafe,  and  its  Tides  triangles  Whofc  vertices  all  meet  in 
a point  at  the  top,  called  the  vertex  of  the  pyramid  ; 

' the  bafe  of  each  triangle  being  the  Tides  of  the  plane 
bafe  of  the  Pyramid. — The  aumberof  triangles  is  equal 
to  the  number  of  the  Tides  of  the  bafe  ; and  a cone  is  a 
round  Pyramid, or  one  having  an  infinite  number  of  Tides. 
“—The  Pyramid  is  alfo  denominated  from  its  bafe, 
VoL.  il. 


being  triangular  when  the  bafe  is  a triangle,  quadran-^ 
gular  when  a quadrangle,  &c. 

The  axis  of  the  Pyramid,  is  the  line  drawn  from  the 
vertex  to  the  centre  of  the  bafe.  When  this  axis  Is 
perpendicular  to  the  bafe,  the  Pyramid  is  faid  to  be  a 
right  one  ; otherwife  it  is  ohliqice, 

1.  A Pyramid  may  be  conceived  to  be  generated  by 
a lint  moved  about  the  vertex,  and  fo  carried  round  the 
perimeter  of  the  bafe, 

2.  All  Pyramids  having  equal  bafes  and  altitudes, 
are  equal  to  one  another  : though  the  figures  of  their 
bafes  fhould  even  be  different. 

3. ^  Every  Pyramid  is  equal  to  onc-third  of  the  cir* 
cum.fcribed  prifm,  ora  prifm  of  the  fame  bafe  and  alti- 
tude ; and  therefore  the  folid  content  of  the  Pyramid 
is  found  by  multiplying  the  bafe  by  the  perpendicular 
altitude,  and  taking  i of  the  produd. 

q.  1 he  upright  furface  of  a Pyramid,  is  found  by 
adding  togcLher  the  areas  of  all  the  triangles  which 
form  that  furface. 

5.  If  a Pyramid  be  cut  by -a  plane  parallel  to  the 
bafe,  the  feftion  wall  be  a plane  figure  llmilar  to  tlie 
bafe  ; and  thefe  two  figures  will  be  in  proportion  to 
each  other  as  the  fquares  of  their  dilfauces  from  the 
vertex  of  the  Pyramid, 

6.  The  centre  of  gravity  of  a Pyramid  is  diflant 
from  the  vertex  of  the  axis. 

Frujflum  of  a Pyramid,  is  the  part  left  at  the  bottom 
when  the  top  is  cut  off  by  a plane  parallel  to  the 
bafe. 

The  folid  content  of  the  Fruflum  of  a Pyramid  is 
found,  by  fiifl  adding  into  one  fum  the  areas  of  the 
two  ends  and  the  mean  proportional  between  them,  the 
3d  part  of  which  fum  is  a medium  fedfion,  or  is  the  bale 
of  an  equal  prifm  of  the  fame  altitude  ; and  therefore 
this  medium  area  or  fedtion  multiplied  by  the  altitude 
gives  the  folid  content.  So,  if  A denote  the  area  of  one 
end,  a the  area  of  the  other  end,  and  h the  height  ; 

then  I (A  -p  a -f-  V^Aa)  is  the  medium  area  or  fec- 

tion,  and  | (A  -f  a -f  f Ka)  X h is  the  folid  con- 
tent. 

Pyramids  of  Egypt,  are  very  numerous,  counting 
both  great  and  fmall  ; but  the  mofl  remarkable  are 
the  three  Pyramids  of  Memphis,  or,  as  they  are  now 
called,  of  Gheifa  or  Gize.  They  are  fquave  Pyramids, 
and  the  dimenfions  of  the  greatefl  of  them,  are  700 
feet  on  each  fide  of  the  bafe,  and  the  oblique  height  or 
Plant  fide  the  fame  ; its  bafe  covers,  or  ftands  upon, 
nearly  i 1 acres  of  ground.  It  is  thought  by  fome  that 
thefe  Pyramids  were  deligned  and  ufed  as  gno-mons,  for 
aflronomical  purpofes  ; and  It  Is  remarkable  that  their 
four  Tides  are  accurately  in  the  diredlion  of  the  four 
cardinal  points  of  the  coinpafs,  cafl,  well:,  north,  and 
foutli. 

PYR'^MIDAL  Numbers,  are  the  Turns  of  polygonal 
numbers,  colledl.ed  after  the  fame  manner  as  the  poly- 
gonal numbers  themfelves  are  found  from  arithmetical 
progrefiions. 

Thefe  are  particularly  called  Firlt  Pyramidals.  The 
Turns  of  Firfl.  Pyramidals  are  called  Second  Pyramidals-} 
and  the  Turns  of  the  2d  are  3d  Pyramidals ; and  fo' 
x)ii.  Particularly,  thofe  ari Ting  from  triangular  numbers, 
are  called  Piiine  Triangular  Pyramidals ; thofe  arifing 
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from  pentagonal  numbers,  are  called  Prime  Pentagonal 
Pyramidals  ; and  fo  on. 

The  numbers  i,  4,  lO,  20,  35> 


formed  by  adding  the  trl- 


angulars 


6,  10,  15? 


are  ufually  called  fimply  by  the  name  of  Pyra- 
midals  r and  the  general  formula  for  finding  them  is 

n X — — — X ^ ; fo  the  4th  Pyramidal  is  found 

by  fubilituting  4 for  w ; the  5tb  by  fubftituting  ^ for 
K ; &c.  See  Figurate  NumI?erSi  and  Polygonal 
JS-uml  ers. 


PYRx\I\iIDOID,  is  fometimes  iifed  for  the  para- 
bolic fpindle,.  or  the  folld  formed  by  the  rotation  of  a 
femiparabola  abo\it  its  bafe  or  greatell  ordinate.  See 
Parabolic  Spindle. 

PYROMETER,  or  fire-meafurcr,  a raaebine  for 


meafuring  the  expanfion  of  folid  bodies  by  heat. 
Mufl'clienbioek  was  the  hid  Inventor  of  tin: 


3 inflru- 


ment  ; tliough  it  has  fince  received  feveral  improvements 
by'  other  philofophers.  He  has  given  a table  of  the 
expanfions  of  the  different  metals,  with  various  degrees 
of  heat,  Plaving  prepared  cylindric  rods  of  iron,  iteel, 
copper,  brafs,  tin,  and  lead,  he  expofed  them  ffrff  to  a 
Py  rometer  with  one  flame  in  the  middle;  then  with 
two  dames  ; then  fucceffively  with  three,  four,  and  five 
flames.  The  effects  were  as  in  the  following  Table, 
wTere  the  degrees  of  expanfion  are  marked  in  parts 
equal  to  the  i 2500th  part  of  aa  inch. 


Expanfion  of 

Iron 

Steel 

Copp. 

Brafs 

Tin 

Lead 

By  I flame 

By  2 flames  1 

. 80 

85 

89 

I 10 

153 

155 

placed  dole  > 

123 

2 20 

274 

. together  j 

By  2 flames  at  1 

2 Y inches dif-  > 

1 09 

94 

92 

141 

219 

263 

tant  J 

■By3 flamesclofe  ? 
together  5 

1 42 

168 

'93 

27s 

Byqflaraesclofel 
together  j 

21 1 

* 

270 

270 

361 

By  5 flames 

230 

3T0 

310 

377 

Tin  eafily  melts  when  heated  by  two  flames  placed 
clofe  together ; and  lead  with  three  flames  clofe  toge- 
ther, when  they  burn  long. 

It  bence  appears  that  the  expanfions  of  any  metal' 
are  in  a lefs  degree  than  the  number  of  flames.:  fo  two 
flames  give  lefs  than  a double  expanfion,  three  flames 
Jefs  than  a triple  expanfion,  and  fo  on,  always  more  and' 
more  below  the  ratio  of  the  number  of  flames.  And  the 
flames  placed  together  caufe  a greater  expanfion,  than 
with  an  interval  between  them. 

For  the  conftruftion  of  MufTchenbroek’s  Pyrometer,, 
with  alterations  and  improvements  upon  it  by  Defagu- 
liers,  fee  Defag.  Exper.  PhiloR  vol.  1,  pa.  421  ; fee-^ 
alfo  MuflYhenbroekls  tranflation  of  the  Experiments  of 
the  Academy  ddCimento,  printed  at  Leyden  in  1 731  5 


and  for  a Pyrometer  of  a new  condrinRIon,  by  which  ii 
the  expanfions  of  metals  in  boiling  fluids  may  be  ex-- 
amined  and  compared  with  Fahrenheit’s  thermometer,, 
fee  MuiTchenb.  Introd.  adPhilof.  Nat.  4to,  lybZjVoL  2,.  j 
pa.  610. 

But  as  it  has  been  obferved,  that  MuiTcbenbroekY 
Pyrometer  was  liable  to  fon.ie  objeffions,  thefe  have 
been  removed  in  a good  meafyre  by  Ellicott,.  who  has.- 
given  a defeription  of  his  improved  Pyrometer  in  the  ^ 
Philof.  TraiiRnumb.  443  ; and  the  fame  may  be  feen  in 
the  Abridg.  voL  8,  pa.  464.  This  inllrument  ^ mea- 
fures  the  expanfions  to  the  yzocth  part  ol  an  inch  ; 
and  by  means  of  it,  Mr.  Ellicott  found,  upon  a medium, 
that  the  expanfions  of  bars  of  different  metals,  as  nearly^ 
of  the  fame  dimenfions  as  poffible,by  the  lame  degree  of 
heat,  were  as  below  : 

Gold,  Silver,  Brafs,  Copper,  Iron,  Steel,  Lead.. 

73  ^0.3  95  89  60  56  149 

The  Qfreat  difference  between  the  exoanfions  of  iron 
and  brafs,  has  been  applied  with  good  fuccefs  to  re-. 
move  the  irregularities  in  pendulums  arifing  from  heat., 
Philof.  Tranf.  vol.  47,  pa.  485,. 

Mr.  Graham  nfed  to  meafure  the  minu'ie  expanfions. 
of  metal  bars,  by  advancing  the  point  of  a micrometer 
ferew,  till  it  fenfibly  flopped  againflthe  end  of  the  bar 
to  be  raeafured.  This  ferew,  being  fmall  and  very  lightly 
hung,  was  capable  of  agreement  within  the  3000  or 
4C>ooth  part  of  an  inch..  And  on  this  general  princi-- 
ple  Mr.  Sineaton  contrived  his  Pyrometer,  in,  which  the 
meafures  are  determined  by  the  contabt  of  a piece  of 
metal  with  the  point  of  a rnicrometer-ferew..  This  in- 
ftrument  makes  the  expanfions  fenfib'le  to  the  2345111 
part  of  an  inch.  And  when  it  is  ufed,  both  the  inftru- 
ment  and  the  bar,  to  be  meafured,  are  immerged  in 
clftern  of  water,  hea,ted  to  any  degree,  up  to  boiling,, 
by  means  of  lamps  placed  under  the  cillern  and  the 
water  communicates  the  fame  degree  of  heat  to  the  in- 
flrument  and  bar,  and  to  a mercurial  thermomiCter  ira- 
merged  in  it,  for  afeertaining  that  degree. 

Vfiiththis  Pyrometer  Mr., Smeaton  made  feveral  ex- 
periments, which  are  arranged  in  a table  ; and  he  re- 
marks, that  their  rcfult  agrees  very  well  with  the  pro- 
portions of  expanfions  of  feveral  metals  given  by  Mr, 
Ellicott..  The  following  Table  fhews  how  much  a foot 
in  length  of  each  metal  expands  by  an  increafe  of  heat 
correfponding  to  180  degrees  of  Fahrenheit’s  thermo- 
meter, or  to  the  difference  between  the  temperatures  of 
freezing  and  boiling  water,,  expreffed,  in  the  looooth  ' 
part  of  an  incE.  * 


I . White  glafs  barometer  tube 

as  . 

xoo 

2.  Martial  regiilus  of  antimony 

130  , 

3,  Bllftered  fteel 

138 

4.  Hard  fleei  - - 

an 

147 

5” » 1 r on  « a 

m 

1 5 1 

6.  Bifmuth  - « 

1.67 

7,.  Copper,  hammered 

- 

204 

8.  Copper  8 parts,  mixed  with  i part  tin 

2i3 

9,  Caft  brafs 

225 

10.  Brafs  16  parts,  with  i of  tin 

229 

II.  Brafs  wire 

232- 

12.  Speculum  metal 

• 

232' 

13.  Spelter  folder,  viz  2 parts  brafs  and  1 

zinc 

14. 

247 

Fine. 
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*4.  Fine  pewter  - - . 274 

iq.  Grain  tin  “ 

16.  vSoft  folder,  viz  lead  2 and  tin  i - 301 

17.  Zinc  § parts  with  tin  i,  a little  hammered  323 

18.  Lead  - - - • 34-4 

19.  Zinc  or  fpelter  - ^ - - 3S3 

20.  Zinc  hammered  half  an  inch  per  foot  373 

For  a farther  account  of  this  inftrument,  with  its  ufe, 
fee  Philof.  Tranf.  vol,  48,  pa.  598. 

Mr.  Fergufon  has  conhru6led,  and  defcribed  a Py- 
rometer (Led.  on  Mechanics,  Suppl.  pa.  7»  4^^)* 
w'hich  makes  the  expanfion  of  metals  by  heatviiible  to 
the  430coth  part  of  an  inch.  And  another  plan  of  a 
Pyrometer  has  lately  been  invented  by  M.  De  Luc,  in 
confeqnence  of  a hint  fuggelfed  to  him  by  Mr.  Ramf- 
den  : for  an  account  of  which,  with  the  principle  of  its 
conftrudion  and  ufe,  both  in  the  comparative  meafure 
of  the  expanlions  of  bodies  by  heat,  and  th-e  meafure 
ef  their  abfolute  expanfion,  as  well  as  the  experiments 
made  with  it,  fee  hi.  De  Luc’s  elaborate  eifay  on  Py- 
rometrv  Stc,  in  the  hhilof.  1 ranf.  vol.  6b,  pa.  4^9  * 

546. 

Other  very  nice  and  ingenious  contrivances,  for  tlic 
meafuring  of  expanfions  by  heat,  have  been  made  by 
Mr.  Ramfden  ; which  he  has  fuccefsfuliy  applied  in  the 
cafe  of  the  meafuring  rods  and  chains  lately  employed, 
by  General  Roy  and  Col.  Williams,  in  meafuring  the 
bafe  on  Hounflow^  Heath,  &c  ; which  determine  the 
expanfions,  to  great  minuienefs,  for  each  degree  of  the 
thermometer.  See  Philol.  Tranf, 

• PYROPHORUS,  the  name  ufually  given  to  that 
fubfiance  by  fome  called  black  phofphor'js ; being  a 
chemical  preparation  poffeffing  the  lingular  property  of 
kindling  fpontaneoiifiy  when  expofed  to  the  air;  which 
W’as  accidentally  difeovered  by  M.  Homberg,  who  pre- 
pared it  of  alnm  and  human  freces.  Though  it  has  fince 
been  found,  by  the  fon  of  M.  Lemeri,  that  the  fasces 
are  not  neceffary  to  it,  but  that  honey,  fugar,  flour, 
and  any  animal  or  vegetable  matter,  may  be  ufed  in- 
flead  of  the  fasces  ; and  M.  De  buvigny  has  (hewn  that 
inofi:  vitriolic  falts  may  be  fubflituted  for  the  alum.  See 
Frieftley’s  Obferv.  on  Air,  vol.  3>  Append,  p. 
and  vol.  4,  Append,  p.  479. 

PYROTECHNY,  the  art  of  fire,  or  the  fcience 
which  teaches  the  application  and  management  of  fire 
in  feveral  operations. 

Pvrotechny  is  of  two  kinds,  military  and  chemical. 

Military  Pyrotechny,  is  the  fcience  of  artificial 
fire-works,  and  fire-arms,  teaching  the  llrndfure  and 
life  both  of  thofe  employed  in  war,  as  gunpowder, 
cannon,  fitells,  carcafTes,  mines,  fulees,  &c ; and  of 
thofe  made  fur  amufement,  as  rockets,  Itars,  fer- 
pents,  &:c. 

Some  call  Pyrotcchny  by  the  name  Artillery;  though 
that  word  is  ufually  confined  to  the  inflniments  em- 
ployed in  war.  Others  choofe  to  call  it  Pyrobology, 
Or  rather  Pvroballogy,  or  the  art  of  miffile  fires. 

AYolfiiis  has  reduced  Pyrotechny  into  a kind  of  mixt 
mathematical  art.  Indeed  it  will  not  allow  of  geome- 
trical demonfirations  ; but  he  brings  it  to  tolerable  rules 
and  reafons  ; whereas  it  had  formerly  been  treated  by 
authors  at  random,  and  without  regard  to  any  reafons 
at  all.  See  the  feveral  articles  Can MONj  Gunpov/dep.} 
Rocket,  Shell,  &c. 
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CA/tt/Vj/ Pyrotechn  Y,  is  the  art  of  managing  and 
applying  fire  in  dihillations,  calc  nations,  and  other 
operations  of  chtmillry. 

Some  reckon  a third  kind  of  Pyrotechny,  viz,  the 
art  of  fuling,  refining,  and  preparing  metals. 

PVTHAGOP.AS,  one  of  the  greateft  philofophers 
of  antiquity,  was  born  about  the  47th  Olympiad,  or 
390  years  before  Chrift.  His  father’s  principal  reli- 
dence  was  at  Samos,  but  being  a travelling  merchant, 
his  fon  Pythagoras  was  born  at  Sidon  in  Syria  ; but 
foon  returning  home  again,  our  philofopher  was  brought 
up  at  Samos,  where  he  was  educated  in  a manner  that 
was  anfwerable  to  the  great  hopes  that  were  conceived 
of  him.  He  was  called  “ the  yout!.  with  a fine  head 
of  hair;”  and  from  the  great  qualities  that  foon  appeared 
in  him,  he  was  regarded  as  a good  genius  fent  into  the 
world  Hr  the  benefit  of  mankind. 

Samos  however  afforded  no  philofophers  capable  of 
fatisfying  his  third  for  knowledge  ; and  therefore,  at 
1 8 years  of  age,  he  refolved  to  travel  in  quefl  of  them 
elfevvhere.  The  fame  of  Pherecydes  drew  him  firfl  to 
the  ifland  of  Syros  ; from  hence  he  went  to  Miletus, 
\\here  he  conver  led  with  Thales.  He  then  travelled  to 
PhcEiiicia,  and  flayed  fome  time  at  Sidon,  the  place  of 
his  birth  ; and  from  hence  he  paffed  into  Egypt,  where 
Thales  and 'Solon  had  been  before  him. 

Having  ipent  29  years  in  Egypt,  to  acquire  all  the 
learning  and  knowledge  he  could  procure  in  that  coun- 
try, with  the  fame  view  he  travelled  through  Chaldea, 
and  vifited  Babylon.  Returning  after  fome  time,  be 
went  to  Crete  ; and  from  hence  to  Sparta,  to  be  in-  ^ 
flrucled  in  the  laws  of  Minos  and  Lycurgus.  He  then 
returned  to  Samos  ; which,  finding  unaer  the  tyranny 
of  Polycrates,  he  quitted  again,  and  vifited  the  feveral 
countries  of  Greece,  Paffing  through  Pcloponneius, 
he  Hopped  at  Phlius,  where  Leo  then  reigned  ; and  ia 
his  converlalion  with  that  ptince,  he  Ipoke  with  fo 
much  eloquence  and  wifdom,  that  Leo  was  at  once  ra- 
vifhed  and  furprifed. 

From  Peloponnefus  he  went  Into  Italy,  and  paffed 
fome  time  at  Heraclea,  aird  at  Tarentum,  but  made  his 
chief  refidence  at  Croton;  where,  after  reforming  die 
manners  of  the  citizens  by  preaching,  and  ellablilhing 
the  city  by  wife  and  prudent  counfels,  he  opened  a 
fchool,  to  difplay  the  trealures  of  wifdom  and  learn- 
ing he  pofTeffed.  ‘It  is  not  to  be  wondered,  that  he  was 
foon  attended  by  a crowd  of  diiciplcs,  who  repaired  ta 
liirn  from  different  parts  of  Greece  and  Italy. 

He  gave  his  fcholars  the  rules  of  the  Egyptian 
prielh,  and  made  ^hem  pais  through  the  aullerities 
which  he  himielf  had  endured.  He  at  iirll  enjoined 
them  a five  years  filence  in  the  fchool,  during  which 
they  were  only  to  hear  ; after  which,  leave  was  given 
them  to  Hart  queHions,  and  to  propofe  doubts,  under  the 
caution  however,  to  fay,  “ not  a little  in  many  words, 
but  much  in  a few.”  Having  gone  through  their  ^ 
probation,  they  were  obliged,  betore  they  weie  ad- 
mitted, to  bring  all  their  fortune  into  the  common 
Hock,  v.Mich  was  managed  by  perfons  chofen  on  pur- 
pofe,  and  called  ceconoiniils,  and  the  whole  community 
had  all  things  in  common. 

The  neceffity  of  concealing  their  mvHerics  induced 
the  Egyptians  to  make  ufe  of  three  forts  of  Hyles,  o'r 
ways  of  expreffing  their  thoughts;  the  fimple,  the 
R r 2 hieroglyphical^ 
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hieroglypbi’cal,  and  the  fymbolical.  In  the  fimple,  they 
fpoke  plainly  and  intelligibly,  as  in  common  converfa- 
rion  ; in  the  hicroglyphical,  they  concealed  their 
thoughts  under  certain  images  and  charadlers  ; and  in 
the  lymbolical,  they  explained  them  by  Hiort  expref- 
hons,  which,  under  a fenfe  plain  and  limple,  included 
another  wholly  figurative.  Pythagoras  borrowed  thefc 
three  ylifferent  ways  from  the  Egyptians,  in  all  the  in- 
firuaions  he  gave  ; but  chiefly  imitated  the  fymboiical 
fiyle,  which  he  thought  very  proper  to  inculcate  the 
greateft  and  moft  Important  truths  : for  a fymbol,  by 
its  double  fenfe,  the  proper  and  the  figurative,  teaches 
two  things  at  once;  and  nothing  plcafes  the  mind  more, 
than  the  double  image  it  reprefents  to  our  view. 

El  this  manner  Pythagoras  delivered  many  excellent 
things  concerning  God  and  the  human  foul,  and  a great 
variety  of  precepts,  relating  to  the  condudf  of  life,  po- 
litical as  w^ell  as  civil ; he  made  aifo  fome  confiderable 
difeoveries  and  advances  in  the  arts  and  fciences.  Thus, 
among  the  works  afcribed  to  him,  there  are  not  only 
books  of  phyfic,  and  books  of  moi'ality,  like  that 
contained  in  what  are  c^Ied  his  Golden  Ferfesy  but 
treatifes  on  politics  and  theology.  All  thefe  works  are 
loft  : but  the  vaftnefs  of  his  mind  appears  from  the 
w'onderful  things  he  performed.  He  delivered,  as  an- 
tiquity relates,  feveral  cities  of  Italy  and  Sicily  from 
the  yoke  of  ftavery  ; he  appeafed  feditions  in  others  ; 
and  he  foftened  the  manners,  and  brought  to  temper  the 
moft  favage  and  unruly  fpirits,  of  feveral  people  and 
tyrants.  Fhalaris,  the  tyrant  of  Sicily,  it  is  faid,  was 
the  only  one  who  could  wdthftand  the  remonftrances  of 
Pythagoras  ; and  he  it  feems  was  fo  enraged  at  his  dif- 
courfes,  that  he  ordered  him  to  be  put  to  death.  But 
though  the  ledures  of  the  philofopher  could  make  no 
irnpreffion  on  the  tyrant,  yet  they  w^ere  fufiicient  to  re- 
animate the  Sicilians,  and  to  put  them  upon  a bold  ac- 
tion. In  ftiort,  Phalaris  was  killed  the  fame  day  that 
he  had  fixed  for  the  death  of  the  philofopher. 

Pythagoras  had  a great  veneration  for  marriage  j 
and  therefore  himfelf  married  at  Croton,  a daughter 
or  one  of  the  chief  men  of  that  city,  by  whom  he 
had  two  fonsand  a daughter;  one  of  the  fonsfucceeded 
his  father  in  the  fchool,  and  became  the  mafter  of 
Empedocles:  the  daughter,  named  Damo,  was  dif- 
tinguifhed  both  by  her  learning  and  her  virtues,  and 
wrote  an  excellent  commentary  upon  Homer.  It  is 
related,  that  Pythagoras  had  given  her  fome  of  his 
writings,  with  exprefs  commands  not  to  impart  them 
to  any  but  thofe  of  his  own  family  ; to  wTich  Damo 
-was  fo  fcrupuloufiy  obedient,  that  even  when  flie  wuas 
reduced  to  extreme  poverty,  (he  refuftd  a great  fuia 
of  money  for  them. 

Prom  the  country  in  which  Pythagoras  thus  fettled 
and  gave  his  inftru(Stions,his  fociety  of  difciplesw'ascalled 
the  italic  fedl;  of  philofo pliers,  and  their  reputation  con- 
tinued for  fome  ages  afterwards,  when  the  Academy  and 
the  Tycieum  united  to  obfeure  and  Iwaliow  up  the  Italic 
fedl.  Pythagorases  difciples  regarded  the  wmrds  of  their 
mafter  as  the  oracles  of  a god ; his  authority  alone, 
though  unfupported  by  realon,  pafted  with  them  for  rea- 
fon  itfelf;  they  looked  on  hirn  as  the  moft  perfedl  image 
of  God  among  men.  His  houfe  was  called  the  tem- 
ple of  Ceres,  and  his  court  yard  the  temple  of  the 
Mufes : and  w'hen  he  went  into  towns,  it  was  faid  he 
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went  thither,  **  not  to  teach  men,  but  to  heal  hi 
them.’* 

Pythagoras  however  was  perfecuted  by  bad  men  in  1: 
the  laft  years  of  his  life  ; and  fome  fay  he  was  killed  in  in 
a tumult  raifed  by  them  againft  liim  ; but  according  to  n 
others,  he  died  a natural  death,  at  90  years  of  age, 
about  497  years  before  Chrift. 

Befide  the  high  refpedf  and  veneration  the  wmrld  has  t : 
always  had  for  Pythagoras,  on  account  of  the  excellence  ) 
of  his  wifdom,  his  morality,  his  theology,  and  politics,  he  ) 
was  renowned  as  learned  in  all  the  fciences,  and  a confi-  1 
derable  inventor  of  many  things  in  them  ; as  arithmetic,  j 
geometry,  aftronomy,  mufic,  &c.  In  arithmetic,  the  com-  \ 
mon  multiplication  table  is,  to  this  day,  ftill  called  Pytha-  * 
goras’s  table.  In  geometry,  it  is  faid  he  invented  many  j 
theorems,  particularly  thefe  three;  ift.  Only  three  j 
polygons,  or  regular  plane  figures,  can  fill  up  the  fpace 
about  a point,  viz,  the  equilateral  triangle,  the  fquare, 
and  the  hexagon  : 2d,  Phe  fum  of  the  three  angles  of 
every  triangle,  is  equal  to  two  right  angles:  3d,  In 
any  right-angled  triangle,  the  fquare  on  the  longeft 
fide,  is  equal  to  both  the  fquares  on  the  two  ftiorter 
Tides  : for  the  difeovery  of  this  laft  theorem,  fome  au-  ^ 
thors  fay  he  offered  to  the  gods  a hecatomb,  or  a facri-  , 
fice  of  a hundred  oxen  ; Plutarch  however  fays  it  was  i 
only  one  ox,  and  even  that  is  queftioned  by  Cicero,  as. 
inconfiftent  with  his  dodlrine,  which  forbade  bloody  fa- 
crifices:  the  more  accurate  therefore  fay,  he  facrificed 
an  ox  made  of  flour,  or  of  clay ; and  Plutarch  even 
doubts  whether  fuch  facnfice,  w’hatev'cr  it  was,  was 
made  for  the  faid  theorem,  or  for  the  area  of  the  para-  ! 
bola,  which  it  was  faid  Pythagoras  alfo  found  out. 

In  aftronomy  his  inventions  were  many  and  great. 

It  is  reported  he  difeovered,  or  maintained  the  true  fyf* 
tern  of  the  world,  which  places  the  fun  in  the  centre, 
and  makes  all  the  planets  revolve  about  him  ; from  him 
it  is  to  this  day  called  the  old  or  Pythagorean  fyftem  ; 
and  IS  the  fame  as  that  lately  revived  by  Copernicus.  He 
firft  difeovered,  that  Ducifer  and  Hefperus  w'^ere  but 
one  and  the  fame,  being  the  planet  Venus,  though 
formerly  thought  to  be  two  different  ftars.  The  in- 
vention of  the  obliquity  of  the  zodiac  is  hkewife  af- 
ciibed  to  him.  He  firft  gave  to  the  world  the  name  i 
Kofmosy  from  the  order  and  beauty  of  all  ! 
things  comprehended  in  it  ; afierting  that  it  was  made 
according  to  mufical  proportion  : for  as  he  held  that 
the  fun,  by  him  and  his  followers  termed  the  fiery 
globe  of  unity,  was  feated  in  the  midft  of  the  univerfe, 
and  the  earth  and  planets  moving  around  him,  fo  he  ' 
held  that  the  feven  planets  had  an  harmonious  motion,  f 
and  their  dillances  from  the  fun  correfponded  to  the 
mufical  intervals  or  divifions  of  the  monochord. 

Pythagoras  and  his  followers  held  the  tranfmigration  -j 
of  fouls,  making  them  fucceffively  occupy  one  body  af-  ! 
ter  another : on  which  account  they  abftained  from 
flefh,  and  lived  chiefty  on  vegetables. 

Pythagoras’s  TahUy  the  fame  as  the  multiplica- 
tion-tabic which  fee. 

PYTHAGOREAN,  or  Pythagortc  Syjiem„. 
among  the  Ancients,  was  the  fame  as  the  Copernican 
fyftem  among  the  Moderns.  In  this  fyftem,  the  fun  is 
fuppofed  at  reft  in  the  centre,  with  the  earth  and  all  j 
the  planets  revolving  about  him^  each  in  their  orbits. 

See  By  STEM..  | 
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It  was  To  called,  as  having  been  maintained 
^nd  cultivated  by  Pythagoras,  and  his  fodo’vvers  ; 
not  that  it  was  invented  by  him,  for  it  was  much 
older. 

Pythagorean  Theorem^  is  that  in  the  47th  propo- 
rtion of  the  ift  book  of  Euclid’s  Elements  ; viz,  that 
in  a right-angled  triangle,  the  fquarc  of  the  longed 
fide,  is  equal  to  the  fum  of  both  the  fquares  of  the 
two  fhorter  fides.  It  has  been  faid  that  Pythagoras 
offered  a hecatonii),  or  facrifice  of  1 00  oxen,  to  the 


gods,  for  * infpiring  him  with  the  difcovery  of  fo  re- 
markable a propert)^. 

PYTHAGOREANS,  a feA  of  ancient  philofo- 
phers,  who  followed  the  dodrlnes  of  Pythagoras. 
They  were  othervvife  called  the  Italic  fedf,  from  the 
circumffance  of  his  having  fettled.in  Italy.  Out  of  his 
fchool  proceeded  the  greateff  philofophers  and  legilla- 
tors,  Zaleucus,  Charondas,  Archytas,  &c.  See  the 
article  Pythagoras. 

PY^XIS  Nauiica,  the  feaman’s  compafs. 
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UADRAGESLVIA,  a denomination  given  to  the 
time  of  Lent,  from  its  confil'tlng  of  about  40  days  ; 
commencing  on  Alh  Wednefday. 

Quadragesima  Sunday^  is  the'frd  Sunday  in  Lent, 
or  the  ill  Sunday  after  Afh  Wednefday. 

QUADRANGLE,  or  Qjjadrang  ular  Jigiire^  in 
Geometry,  is  a plane  figure  having  four  angles  ; and 
confequently  four  fides  alio. 

To  the  clafs  of  Quadrangles  belong  the  fquare,  pa- 
ralielograrn,  trapezium,  rhombus,  and  rhomboidcs. — 
A fquare  is  a regular  Qjaadrangle  ; a trapezium  an  ir- 
regular one. 

QUADRANT,  in  Geometry,  is  either  the  quarter 
of  4th  part  of  a circle,  or  the  4th  part  of  its  circumfe- 
rence ; the  arch  of  which  therefore  contains  qo  degrees. 

Q^uadrant  alfo  denotes  a mathematical  inftrument, 
of  great  ufe  in  aftronomy  and  navigation,  for  taking  the 
altitudes  of  the  fun  and  ftars,  as,  alfo  taking  angles  in 
furveying,  heights-and-dillances,  &c. 

This  inffrument  is  varioufiy  contrived,  and  furnifli- 
cd  with  different  apparatus,  according  to  the  various 
ufes  it  is  intended  for;  but  they  have  all  this  in 
common,  that  they  confifl  of  the  quarter  of  a circle, 
whofe  limb  or  arch  is  divided  into  90°  &c.  Some  have 
a plummet  fufpended  from  the  centre,  and  are  furnifiicd 
either  with  plain  fights,  or  a telefcope,  to  look 
through. 

The  principal  and  mod  ufeful  Quadrants,  are  the 
common  Surveying  Quadrant,  the  Altronomical  Qua- 
drant, Pidams’s  Quadrant,  Cole’s  Qiiadrant,  Col- 
lins’s or  Sutton’s  Quadrant,  Davis’s  Qiiadrant,  Gun- 
ter s Qj^iadrant,  Hadley’s  Quadrant,  tlie  Horodidlical 
Quadrant,  and  the  Sinical  Quadrant,  &c.  Of  thefe 
in  their  order. 

I.  The  Common^  or  Surveying  Quadrant.' — This 
inflrument  ABC,  fig.  i,  pi.  24,  is  made  of  brafs,  or 
wood,  &c  ; the  limb  or  arch  of  which  BC  is  divided 
into  90°,  and  each  of  thefe  farther  divided  into  as  many 
equal  parts  as  the  fpace  will  allow,  either  diagonally  or 
olherwife.  On  one  of  the  radii  AC,  are  fitted  two' 
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moveable  fights  ; and  to  the  centre  is  fometimes  alfo 
annexed  a label,  or  moveable  index  AD,  bearino-  two 
other  fights ; but  infiead  of  thefe  lafi:  fights,  there  isfome- 
times  fitted  a telefcope.  Alfo  from  the  centre  haners  a 
thread  with  a plummet  ; and  on  the  under  fide  or  face 
of  the  inftrument  is  fitted  a ball  and  focket,  by  means 
of  which  it  may  be  put  into  any  pofition.  The  ge- 
neral ufe  of  it  is  for  taking  angles  in  a vertical  plane, 
comprehended  under  right  lines  going  from  the  centre 
of  the  inftrument,  one  of  which  is  horizontal,  and  the 
other  is  direfted  to  fome  vifible  point.  But  befides  the 
parts  above  deferibed,  there  is  often  added  on  the  face, 
near  the  centre,  a kind  of  compartment  EE,  called  a 
Q^adiat,  or  Geometrical  Square,  which  is  a kind  of 
feparate  inffrument,  and  is  particularly  ufeful  in  Al- 
timetiy  and  Longimetry,  or  Heights-and-Diftances. 

This  Quadrant  may  be  ufed  in  different  fituations  ; 
in  each  of  them,  the  plane  of  the  inftrument  muft  be 
fet  parallel  to  that  of  the  eye  and  the  objeas'whofe  an- 
gular diftance  is  to  be  taken.  Thus,  for  obferving 
heights  or  depths,  its  plane  muft  be  difpofed  vertically, 
or  perpendicular  to  the  horizon  ; but  to  take  horizontal 
angles  or  diftances,  its  plane  muft  be  difpofed  parallel  to 
the  horizon. 

^ Again,  heights  and  diftances  may  be  taken  tv/o  ways, 
viz,  by  means  of  the  fixed  fights  and  plummet,  or  by 
the  label  ; as  alfo,  either  by  the  degrees  on  the  limb, 
or  by  the  Quadrat.  I'hus,  fig.  2 pi.  24  fticws  the 
manner  of  taking  an  angle  of  elevation  with  this  Qua- 
drant ; the^  eye  is  applied  at  C,  and  the  inftrument 
turned  vertically  about  the  centre  A,  till  the  objcH  R 
be  leen  through  the  fights  on  the  radius  AC  ; then  the 
angle  of  elevation  RAH,  made  with  the  horizontal 
line  KAH,  is  equal  to  the  angle  BAD,  made  by  the 
plumb  line  and  the  other  radius  of  the  Quadrant,  and  the 
quantity  of  it  is  (hewn  by  the  degrees  in  the  arch  BD 
cut  off  by  the  plumb  line  AD. 

See  the  ufe  of  the  inftrument  in  my  Menfuration, 
under  the  feHion  of  Heights-and-Diftances. 

2.  The  Jljlronomical  Quadrant,  is  a large  one,  ufu- 

ally 
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<tlly  made  of  brafs  or  iron  bars  ; having  its  limb  EF 
(fig.  3 pi,  24)  nicely  divided,  either  diagonally  or  other- 
wife,  into  degrees,  minutes,  and  feconds,  if  room  vvdl 
permit,  and  furniflied  either  with  two  pair  of  plain 
fights  or  two  telefcopes,  one  on  the  fide  of  the  Qua- 
drant at  AB,  and  the  other  CD  moveable  about  the 
centre  by  means  of  the  ferew  G.  The  dented  wheels 
I and  H ferve  to  diredt  the  inllrument  to  any  objedl  or 
phenomenon. 

The  application  of  this  ufeful  inftrument,  in  taking 
obfervations  of  the  fun,  planets,  and  fixed  ftars,  is  ob- 
vious ; for  being  turned  horizontally  upon  its  axis,  by 
means  of  the  telefcope  A B,  till  the  objedl  is  feen 
th  rough  the  moveable  telefcope,  then  the  degrees  &c 
cut  by  the  index,  give  the  altitude  &c  required. 

3.  Co/dj  Quadrant,  is  a very  ufeful  inftrument, 
invented  by  hlr.  Benjamin  Cole.  It  confifts  of  fix 
parts,  viz,  the  liaif  AB  (fig.  i i pL  24)  ; the  quadran- 
tal  arch  DE  ; three  vanes  A,  B,  C ; and  the  vernier 
FO.  The  fiaff  is  a bar  of  wood  about  2 feet  long, 
an  inch  and  a quarter  broad,  and  of  a fufficient  thick- 
nefs  to  prevent  it  from  bending  or  warping.  The 
cpiadranlal  arch  is  alfo  of  'wood;  and  is  divided  into 
degrees  and  3d  parts  of  degrees,  to  a radius  of  about  9 
inches;  and  to  its  extremities  are  fitted  two  radii, 
which  meet  in  the  centre  of  the  Quadrant  by  a pin, 
about  which  it  eafily  moves.  The  fight-vane  A is  a 
thin  piece  of  brafs,  near  two  Inches  in  height,  and  one 
broad,  fet  perpendicularly  on  the  end  of  the  ftaif  A,  by 
means  of  two  ferews  palling  through  its  foot.  la  the 
middle  of  this  vane  is  drilled  a fmali  hole,  through 
which  the  coincidence  or  meeting  of  the  horizon  and 
lolar  fpot  is  to  be  viewed.  The  horizon- vane  B is 
about  an  inch  broad,  and  2 inches  and  a half  high, 
having  a flit  cut  through  it  of  near  an  Inch  long,  and 
a quarter  of  an  inch  broad  ; this  vane  is  fixed  in  the 
centre-pin  of  the  inftrument,  in  a perpendicular  pofi- 
■tion,  by  means  of  two  ferews  palling  through  its  foot, 
by  which  its  polition  with  refpedl  to  the  fight-vane  is 
always  the  fame,  their  angle  of  inclination  being  equal 
to  45  degrees.  The  fliade-vane  C is  compofed  of  two 
brafs  plates.  The  one,  which  ferves  as  an  arm,  Is  about 
4~  Inches  long,  and  | of  an  Inch  broad,  being  pinned 
at  one  end  to  the  upper  limb  of  the  Qiiadrant  by  a 
ferew,  about  which  it  has  a fmali  motion  ; the  other 
end  lies  in  the  arch,  and  the  lower  edge  of  the  arm  is 
diredled  to  the  middle  of  the  centre-pin  : the  other 
plate,  which  is  properly  the  vane.  Is  about  2 inches 
long,  being  fixed  perpendicularly  to  the  other  plate,  at 
about  half  an  inch  diftance  from  that  end  next  the 
arch  ; this  vane  may  be  ufed  either  by  Its  fliade,  or  by 
the  folar  fpot  call  by  a convex  lens  placed  in  it.  And 
becaufe  the  wood-work  is  often  fubjefl  to  warp  or  twifl, 
therefore  this  vane  may  be  redllfied  by  means  of  a ferew, 
lo  that  the  warping  of  the  inltriiment  may  occafion  no 
«rror  in  the  obfervation,  which  is  performed  in  the  fob 
lowing  manner  : Set  the  line  G on  the  vernier  againfl: 
a degree  on  the  upper  limb  of  the  Qyiadrant,  and  turn 
the  ferew  on  the  backfide.of  the  limb  forward  or  back- 
ward, till  tlie  hole  in  the  fight -vane,  the  centre  of  the 
glafs,  and  the  funk  fpot  in  the  horizon-vaiie,  lie  in  a 
right  line. 

To  Jind  the  Surds  Jlltitucle  by  this  ir.Jlrument,  Turn 
your  back  to  the  fun,  holding  the  llaff  of  the  inllru- 
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ment  with  the  right  hand,  fo  that  it  be  in  a ver-  ■■ 
tical  plane  pafiing  through  the  fun  ; apply  one  eye  td  i 
the  fight-vane,  looking  through  that  and  the  horizon- 
vane  till  the  horizon  be  feen  ; with  the  left  hand  Aide  ■ 
the  quadrantal  arch  upwards,  till  the  folar  fpot  or  • 
lhade,  call  by  the  fhade^-vane,  fall  diredlly  upon  the  fpot 
or  flit  in  the  horizon-vane ; then  will  that  part  of  the 
quadrantal  arch,  which  is  raifed  above  G or  S (accord- 
ing^ as  the  obfervation  refpedls  either  the  folar  fpot  or 
fhade)  fliew  the  altitude  of  the  fun  .'"t  that  time.  But 
for  the  meridian  altitude,  the  obfervation  muff  be  con- 
tinued, and  as  the  fun  approaches  the  meridian,  the 
fea  will  appear  through  the  horizon-vane,  wbich  com- 
pletes the  obfervation. ; and  the  degrees  and  minutes, 
counted  as  before,  will  give  the  fun's  meridian  altitude: 

‘ or  the  degrees  counted  from  the  lower  limb  upwards  i 
will  give  the  zenith  diftance. 

4.  Adams'*s  (^adrant,  differs  only  from  Cole’s  1’ 
Qqadrant,  juft  deicribed,  in  having  an  horizontal  vane,  , 
witli  the  upper  part  of  the  limb  lengthened  ; fo  that  i 
the  glafs,  which  cafts  the  folar  fpot  on  the  horizon-  ^ 
vane,  is  at  the  fame  diftance  from  the  horizon-vane  as 
the  fight-vane  at  the  end  of  the  index.  s 

3.  Collins'S  or  Suttori  s Quadrant,  (fig.  8 pi.  24) 
is  a ftercographic  projedlion  of  one  quarter  of  the  : 
fphere  between  the  tropics,  upon  the  plane  of  the  j: 
ecliptic,  the  eye  being  in  its  north  pole  ; and  fitted  to  i 

the  latitude  of  London.  The  lines  running  from  right 
to  left,  are  parallels  of  altitude  ; and  thofe  crofiing,  |; 
them  are  azimuths.  The  fmaller  of  the  two*  circles,  ' 
bounding  the  projedtion,  is  one  quarter  of  the  tropic 
of  Capricorn  ; and  the  greater  Is  a quarter  of  the 
tropic  of  Cancer.  The  two  ecliptics  are  drawn  from  a 
point  on  the  left  edge  of  the  Quadrant,  with  the  cha-  ! 
radlers  of  the  figns  upon  them  ; and  the  two  horizons  i 
are  drawn  from  the  fame  point.  The  limb  is  divided 
both  into  degrees  and  time  ; and  by  having  the  fun’s 
altitude,  the  hour  of  the  day  may  here  be  found  to  a 
minute.  The  quadrantal  arches  next  the  centre  con- 
tain the  calendar  of  months  ; and  under  them,  in  ano- 
ther arch,  is  the  fun’s  declination.  On  the  projedtion 
are  placed  feveral  of  the  mioft  remarkable  fixed  ftars  be- 
tween the  tropics  ; and  the  next  below  the  projedlion  is 
the  Qyiadrant  and  line  of  fliadows. 

To jind  the  Time  of  the  Sun*s  Rijing  or  Settings  his  Am- 
plitude,  his  AAimuth,  Hour  of  the  Day^  iAc.  by  this 
drant.  Lay  the  thread  on  the  day  and  the  month,  and  1 
bring  the  bead  to  the  proper  ecliptic,  either  of  fum- 
mer  or  winter,  according  to  the  feafon,  which  Is  M 
called  reBifying ; then  by  moving  the  thread  bring 
the  bead  to  the  horizon,  in  which  cafe  the  thread  will 
cut  the  limb  in  the  point  of  the  timie  of  the  fun’s  rifing 
or  fetting  before  or  after  6 ; and  at  the  fame  time  the 
bead  will  cut  the  horizon  in  the  degrees  of* the  fun’s 
amplitude. — Again,  obferving  the  fun’s  altitude  with 
the  Quadrant,  and  fuppofing  it  found  to  be  45°  on  the 
5th  oi  May,  lay  the  thread  over  the  5th  of  May  ; then 
bring  the  bead  to  the  fummer  ecliptic,  and  carry  It  to 
the  parallel  of  altitude  4^°;  in  which  cafe  the  thread 
will  cut  the  limb  at  55°  15’,  and  the  hour  will  be  feen 
among  the  hour-lines  to  be  either  41m.  paft  9 In  the 

morning,  or  19m.  paft  2 in  the  afternoon. Laftly, 

the  bead  ftiews  among  the  azimuths  the  fun’s  diftaaee 
from  the  fouth  50°  41'* 

But 
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Ijut  note,  that  if  the  fun’s  altitude  be  ItTs  than 
what  it  is  at  6 o’clock,  the  operation  miifi.  be  perform- 
ed among  thofc  parallels  above  the  upper  horizon  ; 
the  bead  being  rectified  to  the  winter  ecliptic. 

6.  "Quadrant,  the  fame  as  the  Back- 
staff  ; which  fee. 

7.  Gunner  s Qiiadrant,  (Bg.  5 pi.  24),  fometimes 
called  the  Gunner’s  Squarey  is  uled  for  ^.devating  and  point- 
ing cannon,  mortars,  &C-  and  conliils  of  two  branch- 
es eltlier  of  wood  or  brafs,  between  which  is  a qna- 
drantal  arch  divided  into  90®,  and  furniflied  with  a 
'thread  and  plummet. 

The  life  of  this  indrument  is  very  eafy  ; for  if  the 
longer  branch,  or  bar,  be  placed  in  the  mouth  of  the 
piece,  and  it  be  elevated  till  the  plummet  cut  the  de- 
gree neceffary  to  hit  a propofed  objedf,  the  thing  is 
done. 

Som.etimes  on  the  fides  of  the  longer  bar,  are  noted 
the  divifion  of  diameters  and  weights  of  iron  balls,  as 
alfo  the  bores  of  pieces. 

8.  Gunter’s  Quadrant,  fo  called  from  its  inventor 
Edmund  Gunter,  (lig.  4 pi.  24)  befide  the  apparatus 
of  other  Quadrants,  has  a ftereographic  projection  of 
the  fphere  on  the  plane  of  the  equinoctial  ; and  alfo  a 
calendar  of  the  months,  next  to  the  divifions  of  the 
limb;  by  which,  befide  the  common  purpofes  of  other 
Quadrants,  fev'eral  ufeful  quellions  m alfronomy,  &c, 
are  eafdy  refolved. 

Ufe  of  Gunter’s  ^ladrant. — I.  To  find  the  fun’s 
meridian  altitude  for  any  given  day,  or  converfely  the 
day  of  the  year  anfwermg  to  any  given  meridian  alti- 
tude. Lay  the  thread  to  the  day  of  the  month  in  the 
fcale  next  the  limb  ; then  the  degree  it  cuts  in  the 
limb  is  the  fun’s  meridian  altitude.  And,  contrariwife, 
the  thread  being  ff-t  to  the  meridian  altitude,  it  fhews 
the  day  of  the  month. 

2.  To  find  the  hour  of  the  day.  Having  put 
the  bead,  which  Hides  on  the  thread,  to  the  fun  s 
place  in  the  ecliptic,  obferve  the  fun’s  altitude  by 
the  Quadrant  ; then  if  the  bead  be  laid  over  tne  fame 
in  the  limb,  the  bead  will  fall  upon  the  hour  required. 
On  the  contrary,  laying  the  bead  on  a given  hour,  hav- 
ing firfl  reCfified  or  fet  it  to  the  fun  s place,  the  de- 
gree cut  by  the  thread  on  the  limb  gives  the  alti- 

tude.  _ _ _ . 

Note,  the  bead  may  be  reCfified  otherwife,  by  bring- 
ino-  the  thread  to  the  day  of  the  month,  and  the  bead 
to  the  hour-line  of  12. 

3.  To  find  the  fun’s  declination  from  his  place  given  ; 
and  the  contrary.  Bring  tlie  bead  to  the  fun  s place  in 
the  ecliptic,  and  move  the  thread  to  the  line  of  decli- 
nation £ T,  To  fliall  the  bead  cut  the  degree  of  decli- 
nation required.  On  the  contrary,  the  bead  being  ad- 
juiled  to  a given  dcHi nation,  and  the  thread  moved 
to  the  ecliptic,  the  bead  will  cut  the  fun  s place. 

4.  The  fun’s  place  l>eing  given,  to  find  the  right  af- 
cenlion  ; or  contvariwile.  Lay  the  thread  on  the  lun  » 
place  in  the  ecliptic,  and  the  degree  it  cuts  on  the 
limb  is  the  right  afeenhon  fought.  And  the  con- 

verfe.  ^ ^ . . 

5.  The  fun’s  altitude  being  given,  to  find  his  azi- 
muth ; and  contrariwife.  Reaify  the^  bead  for  the 
time,  as  in  the  fecond  article,  and  obteive  the  fun  s 
altitude ; bring  the  thread  to  the  complement,  of  tliat 
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altitude  ; then  the  bead  will  give  the  azimuth  fouglit, 

among  the  azimuth-lines.  „ , r 

9.  Hndlrv's  Qitaurant,  (fig.7  pi  24)  O called  from 
its  inventor  John  Hadley,  Lfq,  is  now  univerfally  ufed 
as  the  bed  of  any  for  nautical  and  other  obfer- 

vations.  ’ . ^ 

It  feems  the  fird  idea  of  this  exceilent  initrument 

was  fuggefled  by  Dr.  Hooke;  fijr  JDi.  Spiat,  in  his 
Hiftoiy  of  the  Royal  Society,  pa.  246,  mentions  the 
invention  of  a new  inllruinent  for  taking  angles  by  le- 
flec.fion,  by  which  means  the  eye  at  once  fees  the  tiyo 
objeds  both  as  touching  the  fame  point,  though  dif- 
tant  ahnoll  to  a femicircle  ; which  ^is  of  great  ule  for 
making  exad  obfervatioiis  at  fea.  ibis  in  liniment  is 
deferibed  and  illulliated  by  a figure  in  Hooke’s  Pofthu- 
inous  works,  pa.  503.  But  as  it  admitted  of^ only  one 
refledion,  it  would  not  anfwer  the  purpofe.  i he 
matter  however  was  at  lall  efieded  by  Sir  Ifaac  Ne\y- 
ton,  who  communicated  to  Dr.  Halley  a paper  of  ins 
own  writing,  containing  the  delcription  of  an  inilru- 
inent  with  two  refledions,  which  foon  after  the  dodtor  s 
death  was  found  among  his  papers  by  Mr.  Jones,  by 
whom  it  was  communicated  to  the  Royal  Society,  and 
it  was  publifhed  in  the  Phdof.  Hranf.  for  the  year 
2.  See  alfo  the  Abndg.  vol.  8,  pa.  129* 
happened  that  Dr.  Halley  never  mentioned  this  in  his 
lifetime,  is  hard  to  fay;  but  it  is  very  extraordinary; 
more  efpecially  as  Mr.  Hadley  had  defciibed,  in  the 
Tranfac*  for  173^  k'S  inflrument,  \\'bicli  is  condi  udted 
on  the  fame  principles.  See  alfo  Abr.  vol.  6,  pa.  139* 
Mix  Hadley,  who  was  well  acquainted  with  Sir  llaac 
Newton,  might  have  heard  him  fay,  that  i)r.  Hooke  s 
propofal  could  be  effeded  by  means  of  a double  reflec- 
tion ; and  perhaps  in  confequence  of  this  hint,  he 
might  apply  himfelf,  without  any  previous  knowledge 
of  what  Newton  had  adually  done,  to  the  condiudioQ 
of  his  inarument.  Mr.  Godfrey  too,  of  Pennfylvania, 
had  recourfe  to  a fimilar  expedient  ; (or  which  rtak>n 
fome  gentlemen  of  that  colony  have  aferibed  the  inven- 
tion of  this  excellent  inarument  to  h.im.  The  tiuth 
may  probably  be,  that  each  of  thefe  gentlemen  dif- 
covered  the  method  independent  ot  one  another.  See 
Abr.  Philof.  Tranf.  vol  8,  pa.  366;  alfoTranf.  of  the 
American  Societv,  vol.  i,  pa.  21  Appendix. 

This  inarument  confias  of  the  following  particu- 
lars : I.  An  odtaiit,  or  the  8th  part  of  a circle,  ABC. 
2.  An  index  D.  3-  ^^^^e  fpeculum  E.^  4 Two  hori- 

zontal glaffes,  F,  G.  5.Twofcreens,  Land  K.  6.  Two 
figlit-vanes,  H and  1. 

The  odant  confias  of  two  radii,  Ab,  AL, 
drengthened  by  the  braces  L,  M,  and  the  arch  Bk  ; 
which,  though  containing  only  45°,  is  nevcrthelels 
divided  into  90  primary  divifions,  each  of  which  itanus 
for  deorees,  and  are  numbered  o,  io,  20,  30,  &:c,  to 
90  ; beginning  at  each  end  of  the  arch  for  the  conve- 
nience of  numbering  both  ways,  either  for  altitudes  or 
zenith  didances  : alfo  each  degree  is  fubdivided  uMo^ 
minutes,  by  means  of  a vernier.  But  the  number  or 
thefe  divifions  varies  with  the  fiz.e  of  the  inaru- 
The index  D,  is  a flat  bar,  moveable  about  tne 
centre  of  the  Inarument;  and  that  part  of  it  which 
Hides  over  the  graduated  arch,  EC,  is  open  in  the 

middle,  with  Vernier’s  fcale  cn  the  lower  part  of  it ; 

auci 
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and  iinclernQatli  Is  a fcrew,  feiving  to  faden  the  Index 
againft  any  divifion. 

Tiie  fpeculum  E is  a piece  of  flat  glafs,  quickfilvered 
on  one  hde,  let  in  a brafs  box,  and  placed  perpendi- 
cular to  the  plane  of  the  inftruraent,  the  middle  part  of 
the  former  coinciding  with  the  centre  of  the  latter: 
and  becaufe  the  fpeculum  is  fixed  to  the  index,  the  po- 
fition  of  it  will  be  altered  by  the  moving  of  the  index 
along  the  arch.  The  rays  of  an  obferved  objeft  are 
received  on  the  fpeculum,  and  from  thence  refledled  on 
one  of  the  horizon  glaffes,  F or  G ; which  are  two 
fmall  pieces  of  looking  glafs  placed  on  one  of  the 
limbs, their  faces  being  turned  obliquely  to  the  fpeculum, 
from  which  they  receive  the  reflected  rays  of  objedfs. 
This, glafs  F has  only  its  lower  part  filvered,  and  fet  in 
brafs-work  ; the  upper  part  being  left  tranfparent  to 
view  the  horizon.  The  glafs  G has  in  its  middle  a 
tranfparent  flit,  through  which  the  horizon  is  to  be 
feen.  And  becaufe  the  warping  of  the  materials,  .and 
other  accidents,  may  diftend  them  from  their  true  fitu- 
ation,  there  are  three  ferews  paffing  through  their  feet, 
by  which  they  may  be  eafily  replaced. 

The  feveens  are  two  pieces  of  coloured  glafs,  fet  in 
two  fquare  brafs  frames  K and  K,  which  ferve  as 
'^fereens  to  t^ike  off  the  glare  of  the  fun’s  rays,  which 
would  otherwife  be  too  flrong  for  the  eye  ; the  one  is 
ting-ed  much  deeper  than  the  other;  and  as  they  both 
’^move  on  the  fame  centre,  they  may  be  both  or  cither  of 
them  ufed  : in  the  fitiiation  they  appear  in  the  figure, 
they  ferve  for  the  horizon-glafs  F ; but  when  they  are 
wanted  for  the  horizon-glafs  they  mufl  be  taken 
from  their  prefent  fituation,  and  placed  on  the 
vQuadrant  above  G. 

The  fight-  vanes  are  two  pins,  FI  and  I,  flanding 
perpendicularly  to  the  plane  of  the  iiifirument : that  at 
H has  one  hole  in  >it,  oppofite  to  the  tranfparent 
flit  in  the  horkon-glafs  G ; the  other,  at  I,  has  two 
holes  in  it,  the  one  oppofite  to  the  middle  of  the 
tranfparent.part  of  the  horizon-glafs  F,  and  the  other 
rather  lower  than  the  quick-filvered  part:  this  vane 
has  a piece  of  brafs  on  the  back  of  it,  which  moves 
'TGund  a centre,  and  ferves  to  cover  either  of  the  holes. 

Oy  the  Ohjernjaitvns , — There  are  two  forts  of  obfer- 
Tations  to  be  made  with  this  inftrument  : the  one  is 
when  the  back  of  the  obferver  is  turned  towards  the 
objedl,  and  therefore  called  the  hack  oh/ervalion  ; the 
other  when  the  face  of  the  obferver  is  turned  towards 
the  objedl,  which  is  called  the  fore-ohfer^mtiotu 

7 0 Reci'rfy  the  Iriflrument  for  the  Fore-ohfei'vatlon  : 
Slacken  tlie  ferew  in  the  middle  of  the  handle  behind 
the  glafs  F ; bring  the  index  clofe  to  the  button  h ; 
hold  the  infirnment  in  a vertical  pofition,  with  the  arch 
downwards  ; look  through  the  right-hand  hole  in  the 
vane  I,  and  through  the  tranfparent  part  of  the 
glafs  F,  for  the  horizon  ; and  if  it  lie  in  the  fame 
light  line  with  the  image  of  the  horizon  feen  on  the 
filvered  part,  the  glafs  F is  rightly  adjuiled  ; but  if  the 
two  horizontal  lines  difagree,  turn  the  ferew  wFich  is 
at  th  e end  of  the  handle  backward  or  forward,  till  thofe 
lines  coincide  ; then  faften  the  middle  ferew  of  the 
handle,  and  the  glafs  is  rightly  adjufted. 

Fo  take  the  SuFs  AJhtu  le  ly  the  Fore-ohfervatwn, 
Flaving  fixed  the  fereens  above  the  horizon-glafs  F, 
aad  fuited  them  proportionally  to  the  ftrength  of  the 
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fun’s  rays,  turn  your  face  tow^ards  the  fiin,  holding  the  . 
infti  iiment  wn'th  your  right  hand,  by  the  braces  L and 
M,  in  a vertical  pofition,  with  the  arch  downward; 
put  your  eye  clofe  to  the  right-hand  hole  in  the  vane  I 
I,  and  view  the  horizon  through  the  tranfparent  i 
part  of  the  horizon -glafs  F,  at  the  fame  time  mov-  ^ 
ing  the  index  D with  the  left  hand,  till  the  reflex  i 
folar  fpot  coincides  wu'th  the  line  of  the  horizon  ; then  I 
the  degrees  counted  from  C,  or  that  end  next  your  ^ 
body,  will  give  the  fun’s  altitude  at  that  time,  cbferv-  n 
ing  to  add  or  fubtradl  i6  minutes  according  as  the  up-  [ 
per  or  low-er  edge  of  the  fun’s  reflex  image  is  made  ufe  of*  j 
But  to  get  the  fun’s  meridian  altitude,  which  is  the  \ 
thing  wanted  for  finding  the  latitude  ; the  obfervations  i 
mull  be  continued  ; and  as  the  fun  approaches  the  me-  ' 
ridian  the  index  D mufl  be  continually  moved  towards  \ 
B,  to  maintain  the  coincidence  betw'ccn  the  reflex  fo-  j 
iar  ipot  and  the  horizon  ; and  confequently  as  long  as  ( 
this  motion  can  maintain  the  fame  coincidence,  the  ob-  \ 
fervation  mufl  be  continued,  till  the  fun  has  reached  [ 
the  meridian,  and  begins  to  defeend,  w'heii  the  coin-  [ 
cidence  will  require  a retrograde  motion  of  the  index,  [ 
or  towards  C ; and  then  the  ohfervation  is  finilhed,  ^ 
and  the  degrees  counted  as  before  vrill  give  the  fun’s  ^ 
meridian  altitude,  or  thofe  from  B wu'Il  give  the  zenith 
diflance  ; obferving  to  add  the  femi-diameter,  or  16',  , 

when  his  lower  edge  is  brought  to  the  horizon  ; or  to  1 
fubtradl  16',  when  the  horizon  and  upper  edge  coincide,  1 
Fo  take  the  Altitude  of  a Star  by  the  Fore-ohfervation* 
Through  the  vane  H,  and  the  tranfparent  flit  in  the 
glafs  G,  look  diredfiy  to  the  flar  ; and  at  the  fame  ; 

time  move  the  index,  till  the  image  of  the  horizon  | 

behind  you,  being  refledfed  by  the  great  fpeculum,  be 
feen  in  the  filvered  part  of  G,  and  meet  the  flar;  then 
will  the  index  fhew  the  degrees  of  the  ftar’s  altitude.  j 
1 0 ReAfy  the  Infrument  for  the  Back-ob/ervaticn, 
Slacken  the  ferew  in  the  middle  af  the  handle,  behind 
the  glals  G;  turn  the  button  h on  one  fide,  and  bring  j 

the  index  as  many  degrees  before  o as  is  equal  to  I 

double  the  dip  of  the  horizon  at  your  height  above  the  j 

v.'ater ; hold  the  inftrument  vertical,  with  the  arch 
downward  ; look  through  the  hole  of  tlie  vane  FI  ; 
and  if  the  horizon,  feen  through  the  tranfparent  flit 
in  the  glafs  G,  coincide  with  the  image  of  the  horizon  I 
feen  in  the  filvered  part  of  the  farric  glafs,  then  the  1 

glafs  G is  in  its  proper  pofition  ; but  if  not,  fet  it  by  ; 

tiie  handle,  and  fallen  the  ferew'  as  before.  i 

7 0 take  the  SuFs  Altitude  ly  the  Back-ohfervatwn^  t 
Put  the  fttm  of  the  fereens  K.  and  K into  the  hole  r,  il 
and  in  proportion  to  the  ftrength  or  faintnefs  of  the  i| 
fun’s  ra3as,  let  either  one  or  both  or  neither  of  the  i 
frames  of  thofe  glaffes  be  turned  clofe  to  the  face  of 
the  limb  ; liold  the  inftrument  in  a vertical  pofition, 
with  the  arch  downward,  by  the  braces  L and  M,  with 
the  left  hand  ; turn  your  back  to  the  fmi,  and  put  ®ne 
eye  clofe  to  the  hole  in  the  vane  H,  obferving  the 
horizon  through  the  tranfparent  flit  in  tire  horl-  i 
zon  glafs  G ; with  the  right  hand  move  the  index  • 

D,  till  the  refiefted  image  of  the  fun  be  feen  in  the  ^ 
filvered  part  of  the  glals  G,  and  in  a right  line  with 
the  horizon  ; fwing  your  body  to'  and  fro,  and  if  the 
obfervation  be  well  made,  the  fun’s  image  wull  be  ob- 
ferved to  brufli  the  horizon,  and  the  degrees  reckoiud 
from  C,  or  that  part  of  the  arch  farthefl  from  your 

body 
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body,  will  give  til e fun’s  altitude  at  the  lime  of  obfer- 
vaticn  ; obfervfng  to  add  i6'  or  the  fun’s  femidiameter 
if ‘the  full’s  upper  edge  be  ufed,  and  fubtrad  the  fame 
for  the  lower  edge. 

The  diredlons  juflr given,  for  taking  altitudes  at  fea,  ‘ 
vvould  be  fufficient,  but  for  two  conedions  that  are  ne- 
ceiTary  to  be  made  before  the  altitude  can  be  accurately 
determinedj  tIz,  one  on  account  of  the  c/bferver’s  eye 
baaVgf  aiftd  above  the  level  of  the  fea,  and  the  other  ' 
on  account  of  the  refradion  of  the  atmofpherej  efpe- 
clally  in* fmall  altitudes. 

‘"J  he  following  tables  therefore  Ihew  the  corredlons 
tO'be  made  on  both  thefe  accounts. 
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General  Rules  for  thefe  Corrections. 

I,  In  the  fore-obfervations,  add  the  fum  of  both 
corredions  to  the  obferved  7enith  dillance,  for  the 
true  zenith  difliance  : or  fubtrad  -he  faid  fum  from  the 
obferved  altitude,  for  the  true  one.  2.  In  the  back- 
ohfervation,  add  the  dip  and  fubtrad  the  refradion, 
for  altitudes  ; and  for  zenith  diftances,  do  the  con- 
trary, viz,  fubtrad  the  dip,  and  add  the  refradtion. 

Example.  By  a back  obfervation,  the  altitude  of  the 
fun’s  lower  edge  was  found  by  Hadley’s  Quadrant  to 
he  25°  12';  the  eye  being  30  feet  above  the  horizon. 
By  the  tables,  the  dip  on  30  feet  is  f 14",  and  the 
refradion  on  25°  12'  is  z'  \" . Hence 


Appar,  alt,  lower  limb 
Sun’s  femidiameter,  fub. 
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In  the  cafe  of  the  moon,  befides  the  two  corredlons 
above,  another  is  to  be  made  for  lier  parallaxes.  But 
VoL.  IT 
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for  all  thefe  particulars,  fee  the  Requifte  Tables  for 
the  Nautical  Almanac,  alfo  Robertfon’s  Navigation, 
vol.  2,  pa.  340  Stc,  edit,  1780. 

\o.  Horodiillcal  Quadrant,  a pretty  commodious 
indrument,  and  is  io  called  from  its  ufe  in  telling  the 
hour  of  the  day.  Its  conftrudion  is  as  follows.  From 
the  centre  of  the  Quadrant  C,  (fig,  5 pi,  24),  whofe 
limb  AB  is  divided  into  90°,  deferibe  feven  concentric 
circles  at  any  intervals ; and  to  thefe  add  the  figns  of 
the  zodiac,  in  the  order  reprefented  in  the  ficrure* 
I’hen,  applying  a ruler  to  the  centre  C and  theliimb 
A B,  mark  upon  the  fcveral  parallels  the  degrees  cor- 
refponding  to  the  altitude  of  the  fun,  when  in  them, 
for  the  given  liours ; conned  the  points  belonging  to 
the  fame  hour  with  a curve  line,  to  which  add  the  num- 
ber of  the  hour.  To  the  radius  CA  fit  a couple  of 
fights,  and  to  the  centre  of  the  Quadrant  C tie  a 
thread  with  a plummet,  and  upon  the  thread'  a bead 
to  Hide, 

Now  if  tire  bead  he  brought  to  the  parallel  iii 
which  the  fun  is,  and  the  (Quadrant  be  direded  to' 
the  fun,  till  a vifual  ray  pafs  through  the  fights,  the 
bead  will  fhew  tire  hour.  For  the  plummet, *in  this’ 
fit  nation,  cuts  all  the  parallels  in  the  degrees  corre- 
fponding  to  the  fun’s  altitude.  And  fince  the  bead  is  in 
the  parallel  wliich  the  fun  deferibes,  and  becaufe  hour- 
lines  pafs  through  the  degrees  of  altitude  to  which  the 
fun  is  elevated  every  hour,  therefore  the  bead  muft 
fhew  tlie  ])refent  hour. 

II.  Slnical  (^tadrakt.  Is  one  of  fome  ufe  in  Na- 
vigation. It  confifts  of  feveral  concentric  quadrantal 
arches,  divided  into  8 equal  parts  by  means  of  radii, 
vriih  parallel  right  hues  crolhng  each  other  at  right 
angles.  Now  any  one  of  the  ardies,’  as  BC,  (fig.  10 
pi.  24)  may  reprefent  a (Quadrant  cf  any  great  circle 
of  the  fpherc,  but  is  chiefly  ufed  for  the  horizon  or 
meridian.  If  then  BC  be  taken  for  a (Qiiadrant  of 
the  horizon,  eitlier  of  the  fides,  as  AB,  may  repre- 
fent the  meridian  ; and  the  other  fide,  AC,  w ill  repre- 
fent a parallel,  or  line  of  eafi-and-vved  ; all  the  other 
lines,  parallel  to  AB,  will  be  alfo  meridians ; and  all 
thofe  parallel  to  AC,  eaft-and-welt  lines,  or  parallels. 
Agiin,  llic  eight  fpaces  into  which  the  arches  are  di- 
vided by  the  radii,  reprefent  the  eight  points  of  the 
compafs  in  a quarter  of  the  horizon  ; each  containing 
11°  13'.  The  arch  BC  is  likevvife  divided  into  90®, 
and  each  degree  fubdivided  into  12',  diagonalwife.  To 
the  centre  is  fix'cd  a thread,  whicii,  being  laid  over 
any  degree  of  the  Quadrant,  ferves  to  divide  the 
horizon. 

If  the  finical  Quadrant  be  taken  for  a fourth  part 
of  the  meridian,  one  fide  of  it,  AB,  may  be  taken 
for  the  common  radius  of  the  meridian  and  equator  ; 
and  then  the  other,  AC,  will  be  half  the  axis  of  the 
world.  The  degrees  of  the  circumference,  BC,  will 
reprefent  degrees  of  latitude  ; and  the  parallels  to  the 
lidc  A B,  affumed  from  every  point  of  latitude  to  the  axis 
AC,  will  be  radii  of  the  parallels  of  latitude,  as  like- 
wife  the  cofine  of  thofe  latitudes. 

Hence,  fuppqfe  it  be  required  to  find  the  degrees  of 
longitude  contained  in  83  of  the  leficr  leagues  in  the 
parallel  of  48° ; lay  the  thread  over  48°  of  latitude  on 
the  circumference,  and  count  thence  the  83  leagues  on 
AB,  beginning  at  A ; this  will  terminate  in  -H,  allow- 
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ing  every  fmall  Interval  four  leagues.  Then  tracing  out 
the  parallel  HE,  from  the  point  H to  the  thread  ; the 
part  A E of  the  thread  Hews  that  i 25  greater  or  equi- 
uoflial  leagues  make  6®  15';  and  therefore  that  the  83 
leffer  leagues  AH,  which  make  the  difference  of  longi- 
tude of  the  courfe,  and  are  equal  to  the  radius  of  the 
parallel  HE,  make  6°  1 5'  of  the  faid  parallel. 

When  the  fiiip  fails  upon  an  oblique  courfe,  fuch 
courfe,  befide  the  north  and  fouth  greater  leagues, 
gives  leffer  leagues  eafterly  and  wellerly,  to  be  reduced 
to  degrees  of  longitude  of  the  equator.  But  thefe 
leagues  being  made  neither  on  the  parallel  of  depariure, 
nor  on  that  of  arrival,  but  in  all  the  Intermediate  ones, 
there  muff  be  found  a mean  proportional  parallel  be- 
tween them.  To  find  this,  there  is  on  the  inflrument 
a fcale  of  crofs  latitudes.  Suppofe  then  it  were  re- 
quired to  find  a mean  parallel  betw^een  the  parallels  of 
40°  and  6c°  ; take  with  the  compaffes  the  middle  be- 
tween the  40th  and  60th  degree  on  the  fcale  : tliis  mid- 
dle point  will  terminate  againft  the  5 iff  degree,  w'hich 
is  the  mean  parallel  fought. 

The  chief  ufe  of  the  finical  Qjuadrant,  is  to  form 
upon  it  triangles  fimllar  to  tliofe  made  by  a Mp’s  way^ 
with  the  meridians  and  parallels;  the  lides  of  which 
triangles  are  rneafured  by  the  equal  intervals  between 
the  concentric  Quiadrants  and  the  lines  N and  S,  E and 
W ; and  every  5th  line  and  arch  is  made  deeper  than  the 
reft.  Now  fuppofe  a fhip  has  failed  1 50  leagues  north- 
€aft-by*north,  or  making  an  angle  of  33^45'  with  the 
north  part  of  the  meridian  ; here  are  given  the  courfe 
and  diftance  failed,  by  which  a triangle  may  be  formed 
on  the  inflrument  fimllar  to  that  made  by  the  fhip’s 
courfe  ; and  hence  the  unknown  parts  of  the  triangle 
may  be  found.  Thus,  fuppofing  the  centre  A to  re- 
prefent  the  place  of  departure  ; count,  by  means  of  the 
concentric  circles  along  the  point  the  fhip  failed  on,  viz, 
AD,  150  leagues ; then  in  the  triangle  AED,  fimilar 
to  that  of  the  fhip’s  courfe,  find  AE  = difference  of 
latitude,  and  DE  difference  of  longitude,  which 
muff  be  reduced  according  to  the  parallel  of  latitude 
come  to. 

Sutton^s  Quadrant.  See  Collins  ADR  ANT. 

ADRANT  of  Aliitiide^  (fig.  9 pi.  24)  is  an  ap- 
pendix to  the  artificial  globe,  confiding  of  a thin  flip  of 
brafs,  the  length  of  a quarter  part  of  one  of  the 
great  circles  of  the  globe,  and  graduated.  At  the  end, 
where  the  divifion  terminates,  is  a nut  riveted  on,  and 
furnifhed  with  a ferew,  by  means  of  which  the  inflru- 
ment is  fitted  on  the  meridian,  and  moveable  round 
upon  the  rivet  to  all  points  of  the  horizon,  as  repre- 
fented  in  the  figure  referred  to. — Its  ufe  is  to  ferve  as  a 
fcale  in  meafuring  of  altitudes,  amplitudes,  azimuths, 
&c. 

QUAD R ANTAL  Triangle^  is  a fpherical  triangle, 
which  has  one  fide  equal  to  a quadrant  or  quarter  part 
of  a circle. 

QUADRAT,  called  alfo  Geometrical  Square^  and 
'Line  of  Shadow.s  : it  is  often  an  additional  member  on 
the  face  of  Gunter’s  and  Sutton’s  quadrants  ; and  is 
chiefly  ufeful  in  taking  heights  or  depths.  See  my 
Menfuration,  the  chap,  on  Altimetry  and  Longlmetry, 
or  Heights  and  Dlilanees. 

Quadrat,  in  Affrology,  is  the  fame  as  qnartile, 
being  an  afpedl  of  the  heavenly  bodies  when  they  are 
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difiant  from  each  other  a quadrant,  or  90°,  or  3,  figns, 
and  is  thus  marked  □. . 

QLTADRATIC  Mquations^  in  Algebra,  are  thofe  in 
wdiich  the  unknown  quantity  is  of  tv/o  dimenfions,  or 
raifed  to  the  2d  power.  See  Equation. 

Quadratic  equations  are  either  fimple,  or  affevRed,^ 
that  is  compound. 

A Simple  Quadratic  equationy  is  that  which  con- 
tains the  2d  power  only  of  the  unknown  quantity, 
without  any  other  power  of  it  as  — 23,  ory'^  ~ ab. 
And  in  this  cafe,  the  value  of  the  unknown  quantity  is 
found  by  barely  extraSing  the  fquare  root  on  both  fides 
of  the  equation  ; fo  in  the  equations  above,  it  will  be 
.V  = ± 5,  and^'  = dz  )fah;  where  the  fign  of  the 
root  of  the  known  quantity  is  toEe  taken  either  plus 
or  minus,  for  either  of  thefe  may  be  confidered  as  the 
fign  of  the  value  of  the  root  w,  fince  either  of  thefe, 
when  fquared,  make  the  fame  fquare,  -p  3 = 23, 

andL---^^  = 2 5 alfo  ; and  h^^nce  the  root  of  every 
quadratic  or  fquare,  has  two  values. 

Compound  ox  Affeded  Quadratics,  are  thofe  whIcE 
contain  both  the  ill  and  2d  powers  of  the  unknown 
quantity  ; as  -f  or  = + bf 

where  n may  be  of  any  value,  and  then  is  to  be  con- 
fidered as  the  root  or  unknown  quantity. 

Affedled  quadratics  are  ufually  dillinguiffied  into 
three  forms,  according  to  the  figns  of  the  terms  of  the 
equation : 

Thus,  iff  form,  x'^  A = by 
2d  form,  — ax  ~ by 

3d  form,  — ax  =.  — A 

But  the  method  of  extradling  the  root,  or  finding  the 
value  of  the  unknown  quantity  .v,  is  the  fame  in  all  of 
them.  And  that  method  is  ufually  performed  by  what 
Is  called  completing  the  fquare,  which  is  done  by  taking 
half  the  coefficient  of  the  2d  term  or  fingle  power  of 
the  unknown  quantity,  then  fquaring  it,  and  adding 
that  fquare  to  both  fides  of  the  equation,  which  makes- 
the  unknown  fide  a complete  fquare.  Thus,  in  the 
equation  H ax  — b,  the  coefficient  of  the  2d  ternii. 
being  u,  its  half  is  the  fquare  of  which  is  and 
this  added  to  both  fides  of  the  equation,  it  becomes. 

-f-  ax  -f-  ~ T b^  the  former  fide  of  which 

is  now  a complete  fquare.  The  fquare  being  thus  com- 
pleted, Its  root  is  next  to  be  extrafled^  in  order  to 
which,  it  is  to  be  obferved  that  the  root  on  the  unknown 
fide  confiils  of  two  terms,  the  one  of  which  is  always  a;. 
the  fquare  root  of  the  firft  term  of  the  eqaation,  and 
the  other  part  is  \a  or  half  the  coefficient  of  the  2d 
term  : thus  then  the  root  of  x^  ax  -{■ 
fide  of  the  completed  equation  being  x 4"  and  the 

root  of  the  other  fide  -\a~  -j-  b being  d:  V -f- 
it  follows  that  a ~ ± V" 4-  b^  and  hence, 

by  tranfpofing  it  is  a ~ •—  \a  dz  4*  b, 

the  two  values  of  x,  or  roots  of  the  given  equation 
x^  d a = b,  Ai.nd  thus  is  found  the  root,  or  value 
of  Xj  in  the  three  forms  of  equations  above  men- 
tioned : thus, 

iflTorm  X ~ d:  f 4“ 

2d  form  X ~ d ~ 4-  b, 

3d  form  X 4;  ^ — ■ b. 


Where 
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WIieiT  it  Is  obfervable  that,  becaufe  of  the  double 
fign  :±:,  every  form  has  two  roots  : in  the  ift  and  2d 
forms  thofe  roots  are  the  one  pofitive  and  the  other  ne- 
gative, the  pofitive  root  being  the  lefs  of  the  two  in  the 
jft  form,  but  the  greater  in  the  2d  form  ; and  in  the 
3d  form  the  roots  are  both  pofitive.  Again,  the  two 
roots  of  the  ift  and  2d  forms,  are  always  both  of  them 
real ; but  in  the  3d  form,  the  two  roots  are  either  both 
’real  or  both  imaginary,  viz,  both  real  when  is 

greater  than  by  or  both  imaginary  when  is  lefs  than 
by  becaufe  in  this  cafe  — b will  be  a negative  quan- 
tity, the  root  of  which  is  impoflible,  or  an  imaginary 
quantity. 

Example  of  iho.  ill  form,  let  -f-  6x  = 7.  Here 

then  = 6,  and  =r  7 ; then  ± V \a'>-  -f  b =: 

- 3 ± ^/i6  — 3 zt  4 rz  + 1 or  - 7. 

Example  of  the  2d  form,  let  — 6.r  = 7.  Here 
alfo  rt  = 6,  and  ^ = 7 ; then  x ~ \a  ±:  h = 

d"  ^ do  16  = -f-  3^14=:  -p  yor—  i;  the  fame 
two  roots  as  before,  with  the  figns  changed. 

Example  of  the  3d  form,  let  — 6.v  = — 7. 
Here  again  a ■:=:  Sy  and  b = 7;  then  x ~ 

d"  — b — -p  3d:  \/2,  the  two  roots 

both  real. 

But  if  A'*  — 6x  ^ • 1 1 ; then  ar  m 6,  and  <^==11, 

which  gives  ^ or  + {a  ± -p  3±  V'-2, 

the  twm  roots  both  imaginary. 

All  equations  whatever  that  have  only  two  different 
pow'eis  of  the  unknown  quantity,  of  which  the  index 
of  the  one  is  juft  double  to  that  of  the  other,  are  re- 
folved  like  C^gadi  atics,  by  completing  the  fquare. 'Bhus, 
the  equation  x'*’  -p  ax"^  — by  by  completing  the  fquare 
becomes  + ax"^  -p  ^a"^  = ; whence,  ex- 

trading  the  root  on  both  ildes.  = 

± therefore  ;r2  = ~ db  \f  4-  b 

4-  • y 

and  confequently  x = ±:  ~ 4-  s/ 7, 

where  the  root  a’  has  four  values,  becaufe  the  given 

fquation  -p  ax'^  = b rifcs  to  the  4th  power.  See 
X.QUAT10N. 

QJJADRATRTX,  or  Quadratix,  in  Geome- 
try, IS  a mechanicnl  line,  by  means  of  which,  right 
lines  are  found  equal  to  the  circumference  of  circles,  or 
other  curves,  and  of  the  parts  of  the  fame.  Or,  more 
accuiately,  the  ^uadratrlx  of  a curvcy  is  a tranfcen- 
dental  curve  defcribed  on  the  fame  axis,  the  ordinates 
of  which  being  given,  the  quadrature  of  the  correfpon- 
dent  parts  in  the  other  curve  is  likewife  given.  ^See 
Curve.  Thus,  for  example,  the  curve  AND  may  be 


called  the  Qu^adratrix  of  the  parabola  AMC,  when  the 
area  APMA  bears  fome  fuch  relation  as  the  follow- 
ing  to  the  abfcils  AP  or  ordinate  PN,  viz, 


when  APM  n PN% 

orAPM  = AP  X PN, 
or  APM  ~ a X PN, 
w’here  a is  fome  given  conftant  quantity. 

The  moft  diftlnguifhed  of  thefe  Quadratices  are, 
thofe  of  Dinoftrates  and  of  Tfehirnhaufen  for  the  circle, 
and  that  of  Mr.  Perks  for  the  hyperbola. 

(^ADRATRix  oj  Dino/lratesy  is  a curve  AMD,  by 
^ which  the  quadrature  of  the  circle  is  effeifted,  though, 
not  geometrically,  but  only  mechanically.  It  is  fo  called 
from  its  inventor  Dinoftrates  ; 
and  the  genefis  or  defeription  of 
it  is  as  follows : Divide  the  qua- 
drantal  aic  ANB  into  any  iiimh- 
ber  of  equal  parts,  in  the  points 
N,  Uy  &c  ; and  alfo  the  radius 
AC  into  the  fame  number  of  parts 
at  the  points  P, />,/>,  &c.  To  the 
points  of  N,  &c,  draw  the 
radii  CN,  C;/,  &e  ; and  from  the  points  P, <&c,  the 
parallels  to  CB,  as  PM,  Pm,  (3cc  : then  through  all  the 
points  of  inteiTeclion  draw  tlie  curve  AMwD,  and  it 
will  be  the  Qnadratrix  of  Dinoftrates. 

Or  the  fame  curve  may  be  conceived  as  defcribed  by 
a continued  motion,  thus  ; Conceive  a radius  CN  to 
revolve  with  a uniform  motion  about  the  centre  C,  from 
the  pofition  AC  to  the  pofition  BC  ; and  at  the  fame 
time  a ruler  PM  always  moving  uniformly  parallel  to- 
wards CB  ; the  two  uniform  motions  being  fo  regulated 
that  the  radius  and  the  ruler  ftiall  arrive  at  the  pofition 
BC  at  the  fame  time.  For  thus  the  continual  inter- 
fedtion  M,  w,  &c.  of  the  revolving  radius,  and  moving 
ruler,  will  deferibe  the  Qyiadratrix  AMw  &c.  Hence, 

1 . For  the  Equation  of  the  ^ladratrix  : Since,  from 

the  relation  of  the  uniform  motions,  it  is  always, 
AB  ; AN  : : AC  ; AP;  therefore  if  AB  = AC  = r, 
AP  = Xy  and  AN  = z,  it  will  be  a i ^ i : r i Xy  or 
ax  zn  rs,  which  is  the  equation  of  the  curve.  < 

Or,  if  s denote  the  fine  NE  of  the  arc  AN,  and  y =r 
PM  the  ordinate  of  the  curve  AM,  Its  abfeifs  AP  being 
X ; then,  by  fimllar  triangles,  CE  ; CP  : : EN  : PM, 
that  is,  : r — jv  : : j-  : y, 

and  hence  y\/r'^  — =:  r — x . Sy  the  equation  of 

the  curve.  And  when  the  relation  between  AB  and 
AN  is  given,  in  terms  of  that  between  AC  and  AP, 
hence  will  be  expreftedthe  relation  between  the  fine  EN 
and  the  radius  CB,  or  s will  be  exprefted  In  terms  of 
r and  w ; and  confequently  the  equation  of  the  curve 
will  he  exprefted  in  terms  of  r,  a-,  and  y only. 

2. ^  The  bafe  of  the  Q^uadratrix  CD  Is  a third  pro- 
poitional  to  the  quadrant  AB  and  the  radius  AC  or 
CB  ; i.  c.  CD  : CB  : ; CB  : AB.  Hence  the 
tification  and  quadrature  of  the  circle, 

3.  A quadrantal  arc  DF  de- 
fcribed with  the  centre  C and  ra- 
dius CD,  will  be  equal  in  length  to 
the  radius  CA  or  CB. 

4.  CDF  being  a quadrant  in- 
feribed  in  the  (^adratrix  AMD, 
if  the  bafe  CD  be  i , and  the  circu- 
lar arc  DG  = X ; then  in  the  area 
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CFMD=;r 
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See  Quadrature, 
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. Qi'  ADRAtrix  of  TJchirnhau- 
fen^  IS  a tranfceiidental  curve 
AM;v/B  by  which  the  quadra- 
ture of  the  circle  is  likewife  ef- 
fedled.  This  was  invented  by 
M.  Tfchirnhaufen,  and  itsgene- 
fis,  in  iiiutation  of  tjiat  of  13 i- 
nolirates,  is  as  follows  ; Divide 
the  quadrant  ANC,  and  the  ra-^ 
dins  Ac,  each  into  equal  paits, 

'as  before  ; and  from  the  points  B.,  p,  See,  draw  the 

lines  PM,  pm,  &c,  parallel  to  CB  ; alio  from  the 

points  N,  n,  &c,  the  lines  NM,  mn,  &c,  parEdlel  to 
tdie  other  radius  AC;  fo  fhall  all  the  interleAions 
M,  '.V,  See,  be  iu  the  curve  of  the  Q^nadratrix 

^ ' 'I  ~o  • 

j-iiVjmjj,  , , 

Nomj  for  tie  Equation  of  this  Slneidratrix  ; it  is, 
before,  AB  : AN  : AC  : AF, 

or  : s ; : r x,  or  -ax  = r%. 


[ <3 


Or,  becailfe  herey  = PM  — EN  tzr  s ; therefore 
•as  before,  exprtiTed  in  terms  of  r and  x,  gives  the  equa- 
tion of  this  C^iadratrix  in  terms  of  r,  .v,  and/,  and  that 
in  a finipler  form  than  the  other.  Tims,  from  the  na- 
ture of  the  circle  and  the  conlbrudfion  of  the  ’Qjaadra- 
trix,  it  is  i - 


/ or  J*  =r  -A"  T 
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where  A,  B,  C,  ^c,  are  the  preceding  terms;  which  is 
-the  equation  of  the  curve  or  Qnadratrix  of  Tfchirnliau-'" 
ien.  • 

By  either  Q^nadratlx,  It  is  evident  that  an  arc  or  an- 
7gle  is  e'afily  divided  into  three,' or  any  other  number  of 
-equal  parts  ; viz,  by  dividing  the  correfponding  radius, 
■or  part  of  it,  into  the  -fame  number  of  equal  parts  : for 
AN  is  always  tire  fame  part  of  AB,'  that  AP  Is'  of 


C^UADRATUR.E,  in  Aftronomy,  :that  afpedl:  oh* 
.pohtion  of  the  moon  when  fl^e  is  90^  diftant  from  the 
iun.  Or,  the  -Qn^adratures  or  quarters  are  the  two 
middle  points  of  the  moon’s  orbit  between  the  points  of 
-conjundiion  and  oppofition,  viz,  the  points  of  the  ifl 
.and  3d  quarters  ; at  which  times  the  moon’s  face  fliews 
lialf  mil,  beino' dithbtomized  or  bifedled. 

The  moon’s  orbit  is  more  convex' in  the  Quadratures 
than  in  the  lyzygies,  and  the  greater  axis  of  her  orbit 
paffes  through  the  Qiiadratures,  at  which  points  alfo 
the  is  moft  diftant  from  the  earth-.— -In  the  Quadratures., 
•and  within  3^^^  them,  the  apfes  of  the  moon  go 
liackwards,  or  move  in  antecedentia  ; but  in  the  fyzy- 
gies  the  contrary. — When  the  nodes  are  in  the  C^adra- 
tures,  the  inclination  of  the  moon’s  orbit  is  greateft, 
but  lea'ft  when  they  arc  in  the  fyzygies. 

adraturf.  Lines,  or  A/vej' 'Qjjadrature, 
are  two  lines  often  placed  on  GunteiA  leefor.  They 
are  marked  with  the  letter  Q,  and  the  figures  3,  6,  y, 
■8,  9,10^  of  which'fQglenotes  the  fide  of  a fquare,  and 
‘the  figures  denote  the  tides  of  polygons  of  5,  6,  7,  dec 
fides.  Aklfo  S denotes  the  femidiameter  of  a circle,  and 
90  a line  equal  to  the  quadrant  or  90°  in  circumference. 

Quadrature,  in  Geometry,  is  the  fquaring  of  a 
'figure,  or  reducing  it  to  an  equal  fquare,  or  finding  a 
Pquare  equal  to  the  area  of  it. 

The  Chiadrature  of  rectilineal  figures  falls  under 
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common  .geometry,  or  menfuraiion  ; as  amounting  tas 
no  more  than  the  finding  their  areas,  or  fuperficies  j 
which  are  in  dffcA  thfir ' fquares  ; wduch  was  fully  eB 
fedted  by 'Euclid,  ' ' 

' The  ■Q^ua'''dr a'ture,;/^ Curves,  that  is,  themeafuring 
of  their  areas,  oPthe  finding  a redtilineal  ipace  equal  to 
a propoffc'd  Gutvilineai'Orie,  is  a mutter  of  iiiuch  deeper 
fpemilafion  ; arid  ma'kcsa  part  of  the  fublime  or  higher 
' gedmdtry.  The  lirnes  of  Hypocrales  are  the  firft  cuivei 
th.at  w'ere  fquared,  as  far  as  wt  know  of.  The  circle 
Gvas  attempted  by  Euclid  and  otliers  before  him  .•  he 
■fhewed  indeed  the  proportion  of  one'  tirde  to  another, 
'.and  gave  a good  method  of  approximating  to  the  area 
Of  the  circle,  by  deferibing  a polygon  between  any  two 
concentric  circles,  however  .near  th.eir  circumferences 
might  be  to  each  other.  At  this  time  the -conic  lec- 
tions were  admitted  in  geometry,  and  Archimedes, 

, perfedtly,  for  the  firft  time,  fquared  the  parabola,  and 
he  determined,  the  relations  of  fpheres,  fpheroids,  and 
conoids,'  to'  c/lindeds  and  cones  ; and  by  purfuing  the 
method  of  exhaurtions,  or  by  means  of  inferibed  and 
circumfc]  ibed  polygons,  he  appr  oximated  to  the  peri- 
plrery  and  area  of  the  circle  ; Ihewing  that  the  diamg-- 
ler  is  to  the  circumference  nearly  as  7 to  22,  and  the 
.area  of  the  .circle  to  the  fquare  of  the  diameter  as  1 i to 
14  nearly.  Archimedes  like  wife  determined  the  relation 
betv/ee-n  the  circle  and  elliple,  a^  well  as  that  of  tlreir 
fimilar  parts,:  It  is  pr-obabie  too  that  he  attempted  the 
hyperbola-;  but  it  is  not  hkely  that  he  met  with  any  fuc- 
cefs,  fince  approximations  to  its  area  are  all  that  can  be 
given  by  the  various  methods  that  have  fince  been  in^ 
vented.  Bcfidethefe  figures,  he  left  a treatife  on  a fpi- 
ral  curve  ; in  whichTe  determined  the  relation  of  its 
area  to  that  of  the  circtimfcribed  circle  ; as  aifo  the 
relation  of  th-eir  feclors.  , , 

Several  other  eminent  men  among  the  Ancients 
WTcteupon  this  fuhjeci,  both  before  and  after  Euclid 
and  Archimedes;  but  their  attempts  W'^ere  ufiially  con- 
fined to  particular  parts  of  it>  and  made  according  to 
methods -not  elfentially  different  from  theirs.  Among 
tliele  are  to  be^rcckpued  'Bhales,  Anaxagoras,  Pytha- 
goras, Bryfon,  Antiphon,  Hypocrates  of  Chios,  Pla- 
to, Apollonius,  Pliilc,  and' Ftplomy  ■;  moft  of  whom 
wrote  upon  the  Quadnituie  of  the  circle  ; and  thofe  af- 
ter Archimedes,  by  his  method,  ufually  extended  the 
approximation  to  ,a  higher  degree  -of  accuracy. 

Many  of  the  Moderns  have  aifo  profecuted  the  fame 
.problem  of  the  Qiradrature  of  ihe  circle,  after  the  fame 
methods,  to  ilill  greater  lengths;  fuch  are  Vieta,  and 
M-etius  ; whole  ratio  between  the  diameter  and  the  cir- 
cumference, is  that  of  II j 10355,  wTich  is  within 

^boiit  — — g—  of  the  true  ratio  ; but  above  all,  Lu- 

dolph  van  Collen,  or  a Ceulen,  who,  with  an  amazing 
degree  of  induftry  and  patience,  by  the  fame  me- 
thods, extended  the  ratio  to  3^  places  of  ligureSj 
making  the  ratio  to  be  that  of 

I to  3*  t4^59>^fi)3B89793,23846,26433y83279, 50288 
+ or  9 — . And  the  lame  was  repeated  and  confirmed 
by  his  editor  Snellius.  See  Diameter,  and  Circle  ; 
alfo  the  Preface  to  my  Menfuration. 

Though  the  Qiiadrature,  efpecially  of  the  circle,  be 
a thing  wliich  many  of  the  principal  mathematicians, 
among  the  Aiicients,  were  very  folicitous  about  ; yet 
nothing  of  this  kind  ha-s  been  done  fo  confiderable,  -as 

about 
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til?out  and  fince  the  middle  of  the  lad  eentury ; when, 
for  example,  in  the  year  1657,  Sir  Paul  Neil,  Lord 
J3rouucker,  and  Sir  Chriftopher  Wren  geometrically 
del  nonrtrated  tire  equality  of  fome  curvilineal  fpaces 
to  redfilineal  ones.  Soon  after  this,  other  perfons  did 
the  like  in  other  curves  .;  and  not  loug  afterwards  the 
thing  was  brought  under  an  analytical  calculus,  the  lirll 
foecimen  of  which  ever  publidied,  was  given  by  rVIer- 
cator  in  i638,  in  a demonftration  of  Lord  Bt  ouncker’s 
Quadrature  of  the  hyperbola,  by  Dr.  Wallis’s  method 
ot  reducing  an  algebraical  fraction  into  an  infiuite  feries 
by  divificn. 

Though,  by  the  way,  it  appears  that  Sir  Ifaac  New- 
ton had  d.lcovercd  a method  of  attaining  the  area  of 
all  quadrable  curves  analytically,  by  his  Method  of 
Fluxions,  before  the  year  166B.  See  his  Fluxions,  alfo 
his  Analyfis  per  ALquationcs  Ntinuro  Fer minor um  Inji~ 
nita^,  and  his  Introdiiclio  ad  ^laJraturam  Curvarum  ; 
where  the  Qj.iadratures  of  Curves  are  given  by  general 
methods. 

It  is  contefted,  between  'Mr,  Fluygens  and  Sir  Chri- 
ftopher  ^Tren,  which  of  the  two  lird  found  out  the 
Quadrature  of  any  <ieterminate  cycloidal  fpace.  Mr. 
Leibniiz  aiherwards  diicovered  that  of  another  fpace  ; 
and  Mr.  Bernoulli,  in  1699,  found  out  the  Quadrature 
of  an  inanity  of  cycloidal  fpaces,  both  fcginents  and 
Ldors  &:c. 

As  to  the  Quadrature  of  the  Circle  In  particular,  or 
the  finding  a iquare  equal  to  a given  circle,  it  is  a pro- 
blem that  has  employed  the  mathematicians  of  all  ages, 
but  dill  without  the  dcfired  fiiccefs.  d'his  depends  on 
lire  ratio  of  the  diameter  to  the  ciicumfererce,  which 
has  never  yet  been  determined  in  prtcife  numbers.  Ma- 
ny perfons  have  approached  very  ntcar  this  ratio  ; for 
which  fee  Circle. 

Strid  geometry  here  falling,  mathematicians  have 
bad  recourfe  to  other  means,  and  particularly  to  a fort 
of  curves  called  quadratices  : but  thefc  being  mechani- 
^ calcin  ves,  indead  of  geometrical  ones,  or  niiher  tran- 
icendcntal  indead  of  algebraical  ones,  the  problem  .can- 
not fairly  be  effeded  by  -them. 

Hence  recourfe  has  been  liad  to  Analytics.  And  the 
prcbltm  has  been  attempted  by  three  kinds  of  algebrai- 
cal calculations.  I'he  firil  of  thefe  gives  a kind  of 
tranfcendental  Quadratures,  by  equations  of  Indehnite 
degrees.  The  fecond  by  vulgar  numbers,  though  ir- 
rationally fuch  ; or  by  the  roots  of  common  equations, 
which  for  the  general  .Qmadratuie  Is  impolhblc.  The 
third  by  means  of  certain  Icries,  exhibiting  the  quantity 
of  a circle  by  a pr.ogrcfiion  of  terms.  See  .Series. 

dbus,  For  examp’e,  the  diameter  of  a circle  being 
J,  it  has  been  found  that  the  quadrant,  or  one-fourth 

of  the  circumference,  is  equal  to d ~ + ~ 
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Stc,  making  an  infinite  feries  of  fradions,  whofe  cora- 
Tfion  numerator  IS  i,  and  denominators  the  natural  fe- 
ries f|f  odd  numbers  ; and  all  thoTe  terms  alternately 
will  be  too  great,  and  too  little.  This  feries  was  dif- 
covered  by  Leibnitz  and  Gregory,  And  the  fame  fe- 
;rie3  is  alfo  the  area  of  the  circle. 

If  the  fum  of  this  feries  could  be  found,  it  would 
gwe  the  (^adratiire  of  the  circle  ; but  this  Is  not  yet 
done  ; nor  is  it  at  all  probable  that  it  ever  wall  be. done  ; 


though  the  impoffibility  has  never  yet  been  demon* 

ilrated. 

d'o  this  it  may  be  added,  that  as  the  fame  magnitude 
may  be  exprefTed  by  feveral  different  feries,  pofiibly  the 
circumference  of  the  circle  may  be  expreffed  by  fome 
other  feries,  whofe  fum  may  be  found.  Aird  there  a;  e 
many  other  feries,  by  which  the  quadrant,  or  area,  to 
the  diameter,  has  been  expreffed  ; though  it  has  never 
been  found  that  any  one  of  them  is  adiiially  fummable. 

Such  as  this  feries,  i — (5cc,  invented* 
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by  Newton  ; with  innumerable  others. 

But  thougli  a definite  Quadrature  of  the  whole  circle 
w*as  never  yet  given,  nor  of  any  aliquot  part  of  it  ; yet 
certain  other  portions  of  it  have  been  fqiiared.  The 
firff  partial  Q_uadrature  was  given  by  Hippocrates  of 
Chios;  who  iquared  a portion  called,  from  its  figures' 
the  ov  lunule  ; but  this  Qiiadrature has  no  depen- 
dence on  tliat  of  the  circle.  And  fome  modern  geo- 
metricians have  found  out  the  Quadrature  of  any  por- 
tion of  the  lime  taken  at  pleafure,  independently  of  tlie 
Quadrature  of  the  circle  ; though  flill  fubjedl  to  a cer- 
tam  reftridllon,  which  prevents  the  Quadrature  from 
being  perfedf,  and  what  the  geometricians  call  ablolute 
and  indefinite.  See  I^une.  And  for  the  Qiiadrature 
of  the  different  kinds  of  curves,  fee  their  feveral  parti- 
c:ular  names. 

Quadratures  ly  Fluxions^ — The  raofl  general  me- 
thod of  (i^adraturcs  yet  difeovered,  is  that  of  Newton, 
by  means  ot  Fluxions,  aijd  is  as 
follows.  AC  being  any  curve 
to  be  fquared,  AB  an  abfeifs, 
and  Be  an  ordinate  perpendicu- 
lar to  it,  alfo  be  another  ordinate 
indefinitely  near  to  the  former. 

Putting  AB  = X,  and  BC  y; 
then  is  V)h  =r  x the  fluxion  of  the  abfeifs,  and  yx  = 
Cl  the  fluxion  of  the  area  ABC  fought.  Now  let  the 
value  of  the  ordinate  y be  found  in  terms  of  the  ab- 
fclfs  Xy  or  in  a fundilun  of  the  ablcifs,  and  let  that 
fundlion  be  called  X,  that  Isy  — X ; tlien  fubllituting  X 
Tory  in  yx,  gives  XF  the  fluxion  of  the  area  ; and  the 
fluent  of  this,  being  taken,  gives  the  area  or  Quadra- 
ture of  ABC  as  requiied,  for  any  curve,  wdiaitver  its 
nature  may  be. 

Fx.  Suppofe  for  example,  AC  to  be  a common  pa- 
rabola; then  its  equation  is  px  — y'^,  wliere  p is  the 

parameter  ; which  gives  y = px,  the  value  of  y in  a 
fundlioii-of  x,  aid  is  what  is  called  X above  ; hence 

thenyF  = xV  px~  p'-x  is  the  fluxion  of  the  area  ; 

and  the  fluent  of  this  is  p x‘^  ~ \ xy  px  = | Ay  — y 

of  the  circumferibing  redfangle  BD;  which  therefore  is 
the  Quadrature  of  the  parabola. 

Again,  if  AC  be  a circle  whofe  diameter  is  d ; 
then  its  equation  is  y^  = dx  — which  gives 

y ~ dx  — .rS  and  the  fluxion  of  the  aiea 

yx  A-V' dx  — A®.  But  as  the  fluent  of  this  cannot 

be  'found  in  finite  terms,  the  quantity  -C’ 
is  thrown  into  a feries,  and  then  the  fluxion  of  .tire  area 


q;u  a 
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=r  X-  v/  dx  — ~ x*>/  dx  X {l 

6cc)  ; aad  the  fluent  of  this  gives 


id  z.i^d^  z,^<6d^ 


X ^ dx 


X 


2 

^7- 


X 


'7^ 


1-3 


8cc) 
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for  the  general  exprellion  of  the  area  ABC.  Now  when 
the  fpace  becomes  a femicircle,  x becomes  = d^  and 
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then  the  fenes  above  becomes  ^7®.( — r— 

_ 3 5 4»7  4-b.9 

&:c)  for  the  area  of  the  femicircle  whofe  diameter  is  d. 
In  fpirais  CAR,  or  curves 
referred  to  a centre  C ; put 
rz:  .any  radius  CR,  a’  = BN 
the  arc  of  a circle  deferibed 
about'  the  centre  C,  at  any 
didance  CB  = r/,  and  Qnr 
another  ray  indefinitely  near 

CNR  : then  CN  . N«  = 


4 ax  ~ CN«,  and  by  fim.  fig.  CN^ ; CR^  or  t 

y'^x 

CN/2  t = CRr  the  fluxion  of  the  area  deferibed  by 

2a  ^ 

the  revolving  ray  CR  ; then  the  fluent  of  this,  for  any 

particular  cafe,  will  be  the  Quadrature  of  thefpiral.  So 

if,  for  inftance,  it  be  Archimedes's  fpiral,  in  which  x : y 

in  a conttant  ratio  fuppofe  as  m : n,  or  tny  =z  nx,  and 

~ ; hence  then  CRr  = ~ the 

V'd  za  zainy 

fluxion  of  the'  area ; the  fluent  of  which  is 

' 6 7iF  ~ 77  Qiiadrature  of  the  fpiral  of 

Archimedes. 

QUADRILATERAL,  or  Quadrilateral  AV- 
gure^  is  a figure  comprehended  by  four  right  lines  ; and 
having  confequently  alfo  four  angles,  for  which  reafon 
it  is  otherwiie  called  a quadrangle. 

The  general  term  Quadrilateral  comprehends  thefe 
feveral  particular  fpecies  or  figures,  viz,  the  fquare,  pa- 
rallelogram, redangle,  rhombus,  rhornboides,  and  tra- 
pezium. 

If  the  oppofite  fides  be  parallel,  the  Quadrilateral  is 
a parallelogram.  If  the  parallelogram  have  its  angles 
right  ones,  it  is  a redangle  ; if  oblique,  it  is  an  ob- 
lique one.  The  redangle  having  all  its  Tides  equal,  be- 
comes a fquare  ; and  the  oblique  parallelogram  having 
air  its  Tides  equal,  is  a rhombus,  but  if  only  the  oppo- 
fitesbe  equal,  it  is  a rhornboides.  All  other  forms  of  the 
Quadrilateral,  arc  trapeziums,  including  all  the  irregu- 
lar Ihapes  of  it. 

The  fum  of  all  the  four  angles  of  any  Qiiadrilateral, 
is  equal  to  4 right  angles.  Alfo,  the  two  oppofite  angles 
of  a Quadrilateral  infcribed  in  a circle  taken  together, 
are  equal  to  two  right  angles.  And  in  this  cafe  the  red- 
angle of  the  two  diagonals,  is  equal  to  the  Turn  of  the  two 
redangles  of  the  oppofite  fides.  For  the  properties  of  the 
particular  fpecies  of  Quadrilaterals,  fee  their  refpedive 
names,  SoqjARE,  Rectangle,  Parallelogram, 
^Khombus,  Rhomboides,  and  Trapezium. 

QI.TADRIPARTlTiON,  is  the  dividing  by  4,  or 


into  four  equal  parts.— -Hence  quadripartite ^ &c,  the  I 
4th  part,  or  fomething  parted  into  four. 

QUADRUPLE,  is  four-fold,  or  fomething  taken 
four  tim.es,  or  multiplied  by  4 ; and  fo  is  the  converfc 
■of  Qyiadripartition. 

QUALITY,  denotes  generally  the  property  or  af- 
fedlion  of  fome  being,  by  which  it  affeds  our  fenfes  in 
a certain  way,  &c. 

Scnfible  ^alities  are  fuch  as  are  the  more  immediate 
objed  of  the  fenfes  : as  figure,  tafte,  colour,  fmell,  hard- 
nefs,  &c. 

Occult  ^alitles^  among  the  Ancients,  were  fuch  as 
did  not  admit  of  a rational  folution  in  their  way. 

Dr,  Keil  demonftrates,  that  every  Quality  which  Is 
propagated  in  orbem,  fuch  as  light,  heat,  cold,  odour,  ' 
&fe,  has  its  efficacy  or  Intenfity  either  iucreafed,  •or  de- 
creafed,  in  a duplicate  ratio  of  the  diftances  from  the  1 
centre  of  radiation  inverfcly.  So  at  double  the  diflance  ! 
from  the  earth’s  centre,  or  from  a luminous  or  hot  bo-  1 
dy,  the  weight  or  light  or  heat,  is  but  a 4th  part ; and  t 
at  3 times  the  diflance,  they  are  9 times  lefs,  or  a 9th 
part,  &c. 

Sir  Ifaac  Newton  lays  It  down  as  one  of  the  rules  of  | 
philofophizing,  that  thofe  Qiialities  of  bodies  that  are  > 
incapable  of  being  intended  and  remitted,  and  which  are 
found  to  obtain  in  all  bodies  upon  which  the  experi-  r 
ment  could  ever  be  tided,  are  to  be  efleemed  univerfal  I 
Qualities  of  all  bodies.  j 

Quality  of  Curvature^  in  the  higher  geometry,  is  i 
ufed  to  fignify  its  form,  as  it  is  more  of  lefs  inequable,  . 
or  as  it  is  varied  more  or  lefs  in  its  progrefs  through  dif-  ■ 
ferent  parts  of  the  curve.  Newton’s  Method  of  Flux- 
ions,  pa.  73  ; and  Maclaurin’s  Fluxions,  arti  369. 

C^TANTiTY,  denotes  any  thing  capable  of  efti-  r 
mation,  or  menfuration ; or  which  being  compared 
with  another  thing  of  the  fame  kind,  may  be  faid  to  r 
be  either  greater  or  lefs,  equal  or  unequal  to  it. 

Mathematics  Is  the  dodfrine  or  fcience  of  Quarw  [ 
tity.  i 

Phyfeal  ov  Natural  Quantity,  is  of  two  kinds: 
ift,  that  which  nature  exhibits  in  matter,  and  its  ex-  ' 
tenfion  j andzdiy,  in  the  powers  and  properties  of  na-  1 
tural  bodies;  as  gravity,  motion,  light,  heat,  cold,  I 
denfity,  &c. 

Quantity  is  popularly  diflinguiflied  into  continued 
and  diferete. 

Continued  Quantity,  is  when  the  parts  are  con-  | 
nedfed  together,  and  is  commonly  called  magnitude  ; 
which  is  the  objedf  of  geometry.  \\ 

Quantity,  is  when  the  parts,  of  which  it  i| 
confilts,  exifl  diflindily,  and  unconnedled ; which 
makes  what  is  called  multitude  or  number,  the  objedl  of  ; 
arithmetic.  ' 

The  notion  of  continued  Quantity,  and  its  differ- 
ence from  diferete,  appears  to  fome  without  founda- 
tion. Mr,  Macliin  confiders  all  mathematical  Quantity, 
or  that  for  which  any  fymbol  is  put,  as  nothing  elfe 
but  number,  with  regard  to  fome  meafure,  which  is 
confidered  as  i ; for  that  we  know  nothing  precifely 
how  much  any  thing  is,  but  by  means  of  number.  1 he 
notion  of  continued  Quantity,  without  regard  to  fome 
meafure,  is  indiflmdl  and  confufed  ; and  though  fom.e 
fpecies  of  fuch  Qiiantity,  confidered  phyficaliy,  may 
be  deferibed  by  motion,  as  lines  by  the  motion  oi 

points, 
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points,  and  fiirfaces  by  the  motioa  of  lines ; yet  the 
magnitudes,  or  mathematical  Quantities,  are  not  made 
by  the  motion,  but  by  numbering  according  to  a mea- 
fure.  Philof.  Tranf.  numb.  447,  pa.  228. 

Quan  riT Y See  Action!. 

Qjjantity  of  Curvature  at  any  point  of  a curve  is 
deterinieed  by  the  circle  of  curvature  at  that  point, 
and  is  reciprocally  proportional  to  the  radius  of  curva- 
ture. 

Qjetantity  of  Matter  in  any  body,  is  its  meafure 
arifing  from  the  joint  confidei ation  of  its  magnitude 
and  denfity,  being  exprelTed  by,  or  proportional  to  the 
ppodiidl  of  the  two.  So, 

if  M and  m denote  the  magnitude  of  two  bodies, 
and  D ^nd  d their  denfities  ; 1 

then  DM  and  dm  will  be  as  their  Quantities  of  matter^ 

The  Qiiantity  of  matter  of  a body  is  beft  difcovered 
by  its  ablolute  weight,  to  which  it  is  always  propor- 
tional, and  by  which  it  is  meafured. 

Quantity  of  Motion^  or  the  Momcntumy  of  any 
body,  is  its  meafure  arifing  from  the  joint  confideration 
of  its  Quantity,  and  the  velocity  with  which  it 
moves.  So, 

if  y denote  the  Quantity  of  matter, 
and  V the  velocity  of  any  body  ; 
then  will  be  its  quantity  of  motion. 

Quantities,  in  Algebra,  are  the  exprelEons  of 
indeiinite  numbers,  that  are  ufually  reprefented  by 
letters.  Quantities  are  properly  the  fubjecf  of  Alge- 
bra; which  is  wholly  converfant  in  the  computation  of 
fuch  Quantities. 

Algebraic  Quantities  are  either  ^/veu  and  hiovcn^  or 
elfc  they  are  vnkno-zun  and  fought.  UTe  given  or  known 
Quantities  are  reprefented  by  the  firft  letters  of  the  al 
phabet,  as  a,  d^  e,  &c  , and  the  unknown  or  re- 
'quired  Quantities,  by  the  laft  letters,  as  z,y,  a*,  -w,  &c. 

Again,  Algebraic  Quantities  are  either  pofitive  or 
negative. 

A pofitive  or  affirmative  Quantity,  is  one  that  is  to 
be  added,  and  has  the  hgn  -f*  ot  plus  prefixed,  orun- 
derftood  ; as  ah  or  ah.  And  a negative  or  privative 
Quantity,  is  one  that  is  to  be  fubtraded,  and  has  the 
fign  — or  minus  prefixed  ;•  as  — ah. 

QUART,  a meafure  of  capacity,  being  the  quarter 
or 4th  part  of  fome  other  meafure.  The  Englifh  Quart 
is  the  4th  part  of  the  gallon,  and  contains  two  pints. 
The  Roman  Quart,  or  qaiartarlus,  was  the  4th  part  of 
their  congius.  The  French,  befides  their  Quart  or 
pot  of  2 pints,  have  various  other  Qiarts,  diftinguifhed 
by  the  v/holc  of  which  they  are  Quaiters  ; as  Q^art  de 
muid,  and  Quart  de  boifleau. 

QUARTER,  the  4th  part  of  a whole,  or  one  part 
of  an  Integer,  which  is  divided  into  four  equal  portions. 

Quarter,  in  weights,  is  the  4th  part  of  the  quintal, 
or  hundred  weiglit  ; and  fo  contains  28  pounds. 

Quarter  is  alfo  a dry  meafure,  containing  of  corn 
8 bufhels  iiriked  ; and  of  coals  the  4th  part  of  a chal- 
dron. 

^ Quarter,  in  Afironomy,  the  moon’s  period,  or  luna- 
tion, is  divided  into  4 Rages  or  Quarters  ; each  con- 
taining between  7'  and  8 days.,  1 he  firft  C^^arter  is 
from  the  new  moon  to  the  quadrature  ; the  fecond  is 
from. thence  to  the  full  moon,  and  fo  on. 
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Quarter,  in  Navigation,  is  the  Quarter  or  4th  part 
of  a point,  wind,  or  rhumb  ; or  of  the  diftance  between 
two  points  5^c.  The  Quarter  contains  an  arch  of 
2®  48^5^^,  being  the  4111 part  of  11°  15',  which  isone 
point. 

Quarter  Rounds  in  Architedfure,  is  a term  ufed  hj 
the  workmen  for  any  projedfing  moulding,  whofe  con^ 
tour  is  a Quarter  of  a circle,  or  nearly  fo. 

QUARTILE,  an  afpeCt  of  the  planets  when  they 
are  at  the  diftance  of  3 figns  or  90°  from  each  other  : 
and  is  denoted  by  the  charadter  □. 

QUEU  E d’aronde,  or  Szuallozo* s Rail.,  in  Forti- 
fication, is  a detached  or  outwork,  whofe  fides  fpread 
or  open  towards  the  campaign,  or  draw  narrower  and 
clofer  towards  the  gorge.  Of  this  kind  are  either  fingle 
or  double  tenadles,  and  fome  horn  works,  whofe  fides 
are  not  parallel,  but  are  narrow  at  the  gorge,  and  open 
at  the  head,  like  the  figure  ofafwallow’s  tail. 

On  the  contrary,  when  the  fides  are  lefs  than  the 
gorge,  the  work  is  called  contre  ^leue  d'aronde. 

Queue  d'oronde^  in  Carpentry,  a method  of  jointing, 
called  alfo  dove-tailing. 

QLTINCUNX,  denotes  -\Eis  of  any  thing.  So  10 
is  quincunx  of  24,  being  of  it. 

QuIxNcunx,  In  Aftronomy,  is  that  pofuicn,  or  afpedf, 
of  the  planets,  when  diftant  from  each  other  by  ^^^ths 
of  the  whole  circle,  or  5 figns  out  of  the  1 2,  that  is  1 50 
degrees.  The  Qiincunx  Is  marked  Q,  or  Vr, 

QUINDECAGON,  is  a plane  figure  of  15  angles, 
and  confequently  the  fame  number  of  fides.  When 
thofe  are  all  equal,  it  is  a regular  Qgindecagon,  other- 
wife  not. 

Euclid  fhews  how  to  inferlbe  this  figure  in  a circle, 
prop.  1 6,  hb.  4.  And  the  fide  of  a regular  Qiindeca- 
gon,  fo  inferibed,  is  equal  In  power  to  the  half  difference 
between  the  fide  of  the  equilateral  triangle,  and  the  fide 
of  the  pentagon  ; and  alfo  to  the  difference  of  the  per- 
pendiculars let  fall  on  both  fides,  taken  together. 

QlJlNQl^lAGEv^LVIA-.S’w/2r/(7y,  is  the  fame  as 
Shrove-Sunday,  and  is  fo  called  as  being  about  the  30th 
day  before  Eafter,  being  Indeed  the  7th  Sunday  before 
it.  Anciently  the  term  QiinquageJima  was  ufed  for 
Whitfunday,  and  for  the  days  between  Eafter  and 
Whitfunday;  but  to  diftinguifh  this  Quinquagefima 
from  that  before  Eafter,  It  was  called  the  pafchal  Quin- 
quagefima. 

QLTINQIIE ANGLED,  or  Quinqueangular,  con- 
fifting  of  5 angles. 

QUINTAL,  the  weight  of  a hundred  pounds,  in 
moft  countries  ; but  in  England  it  is  the  hundred 
weight,  or  I 12  pounds.  Quintal  was  alfo  formerly 
ufed  for  a weight  of  lead,  iron,  or  other  common  metal, 
ufually  equal  to  a hundred  pounds,  at  6 fcore  to  the  hun- 
dred. 

QfJINTILE,  in  Aftronomy,  an  afpeeft  of  the  pla- 
nets when  they  are  diftant  tlie  5th  part  of  the  zodiac,  or 
72  degrees  ; and  is  marked  thus,  C,  or  O. 

QlJINrUFLE,  Is  five-fold,  or  five  times  as  much  as^ 
anotfier  thing. 

QUOIN,  in  Architedfure,  an  angle  or  corner  of  ftone 
or  brick  walls.  When  ihefe  (land  out  beyond  the  reft 
of  the  wall,  their  edges  being  chamferred  off,  they  are 
called  rujlic  Quoins. 

Quoin,  in  Artillery,  is  a loofe  wedge  of  wood,  which 
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is  put  in  below  the  breech  of  a cannon,  to  ralfe  or  deprefs 
it  moreorlefs. 

QUOTIENT,  in  Arithmetic,  is  the  refiilt  of  the 
operation  of  divifion,  or  the  number  that  arifes  by  di- 
viding the  dividend  by  the  divifor,  fhewing  how  often 
the  latter  is  contained  in  the  former.  'Fhus  the  Qno- 
tient  of  I 2 divided  by  3 is  4 ; which  is  ufually  thus 
difpofed,  or  expreffed, 


ci.u  o 

3 ) iz  (4  the  quotient, 

I z 

or  thus  12  3 = 4 the  Quotient,  or  thus 

3 

like  a vulgar  fraction  ; all  thefe  meaning  the  fame  thing,- 
•~-In  divifion,  as  the  divilor  is  to  the  dividend,  fo  is 
unity  or  1 to  the  Qriotient  j thus  3 ; 12  ; : i : 4 the. 
Quotient. 
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ADIANT  Pointy  or  Radiating  Pointy  is  any 
point  from  whence  rays  proceed. 

Every  Radiant  point  diffufes  innumerable -rays  all 
around  : but  thofe  rays  only  are  vifihle  from  v^-hich  right 
lines  can  be  drawn  to  the  pupil  of  the  eye;  becaufethe 
rays  are  all  in  right  lines.  All  the  rays  proceeding 
from  the  fame  Radiant  continually  diverge  ; but  the 
cryftalline  colledfs  or  reunites  them  again. 

RADIATION,  is  the  caking  or  ihooting  forth  of 
rays  of  light  as  from  a centre. — Every  vifible  body  is  a 
radiating  body  ; it  being  only  by  means  of  its  rays 
that  it  affedls  the  eye. — -The  fnrface  of  a radiating  or 
vifible  body,  may  be  conceived  as  confiding  of  radiant 
points. 

RADICAL  Sign,  in  Algebra,  the  fign  or  charadler 
denoting  the  root  of  a quantity  ; and  is  this  a/ . So 
^2  is  the  fquarc  root  of  2,  and  \/z  is  the  cube  root  of 

i y &C, 

RADIOMETER,  a name  which  fome  writers  give 
to  the  Radius  Aftronomicus,  or  Jacob’s  Staff.  See 
Lore-Staff. 

RADIUS,  in  Geometry,  the  femidiameter  of  a 
circle  ; or  a right  line  drawn  from  the  centre  to  the 
circumference. — It  is  implied  in  the  definition  of  a 
circle,  and  it  is  apparent  from  its  conkrudtion,  that  all 
the  radii  of  tlie  fame  circle  are  equal. — The  Radius  is 
iometimes  called,  in  Trigonometry,  the  Sinus  Totus, 
or  whole  fine, 

Radius,  in  the  Higher  Geometry'.  Radius  of  the 
Evolutay  Radius  Ofeuliy  called  alfo  the  Radius  of  con- 
cavity y and  the  Radius  of  curvature y is  the  right  linj 
CB,  reprefenting  a thread,  by 
whofe  evolution  from  off  the  curve 
AC,  upon  which  it  was  wound, 
the  curve  AB  is  formed.  Or  it  is 
the  R.adius  of  a circle  having  the 
fame  curvature,  in  a given  point 
of  the  curve  at  B,  with  that  of  the 
curve  in  that  point.  See  Curva- 
ture and  Evolute,  where  the 
method  of  finding  this  Radius  may 
be  feen, ' 


Radius  Ajlronomlcusy  an  inflrument  ufiially  called 
Jacob’s  Staff,  the  Crofs-ftaff,  or  Fore-flaff. 

Radius,  in  Mechanics,  is  applied  to  the  fpokes 
of  a wheel  ; becaufe  iffuing  like  rays  from  its  centre. 

Radius,  in  Optics.  See  Ray. 

Radius  Vedior y is  ufed  for  a right  line  drawn  from, 
the  centre  of  force  in  any  curve  in  which  a body  is  fup- 
pofed  to  move  by  a centripetal  force,  to  that  point  of 
the  curve  where  the  body  is  fiippofed  to  be. 

RADIX,  or  Rooty  is  a certain  finite  exprefhon  or 
fundlion,  which,  being  evolved  or  expanded  according 
to  the  rules  proper  to  its  form,  finall  produce  a feries. 
That  finite  expreffion,  or  Radix,  is  alfo  the  value  of 
the  infinite  feries.  So  { is  the  radix  of  *33 33  Sic,  be- 
caufe  I being  evolved  or  expanded,  by  dividing  i by  3, 
gives  the  infinite  feries  *3333  manner, 

the  Radix 
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See  my  Tradfs,  voh  I,  pa.  9,  and  31,  &c. 

RAFTERS,  in  Architedlure,  are  pieces  of  timber 
which  fland  by  pairs  on  the  raifing-picce,  or  wall 
plate,  and  meet  in  an  angle  at  the  top,  forming  the  roof 
of  a building. 

5 RAIN,  ^ 
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RAIN,  water  t!iat  defcehds  from  tlie  atmofphere  in 
the  form  of  drops  of  a.  confiderable  fize.  Rain  is  appa- 
rently a precipitated  cloud;  as  clouds  are  nothing  but 
vapours  raifed  from  moldure,  waters,  &c.  By  this  cir- 
cumftance  it  is  diftinguifhed  from  dew  and  fog:  in  the 
former  of  which  the  drops  are  fo  fmall  that  they  are 
quite  invifible  ; and  in  the  latter,  though  their  fize  be 
larger,  they  fecm  to  have  very  little  more  fpecific  gra- 
vity than  the  atmofphere  itfelf,  and  may  therefore  be 
reckoned  hollow  fpherules  rather  than  drops. 

It  is  univerfally  agreed,  that  Rain  is  produced  by 
the  water  previoufly  abforbed  by  the  heat  of  the  fun, 
or  otherwife,  from  the  terraqueous  globe,  into  the  at- 
ruofphere,  as  vapours,  or  veficula:.  Thcle  vefculae, 
being  fpecif  cally  lighter  than  the  atmofphere,  are  buoy- 
ed up  by  it,  till  they  arrive  at  a region  where  the  air  is 
in  a juH.  balance  with  them  ; and  there  they  float,  till 
by  fomc  new  agent  they  are  coi’ivertcd  into  clouds,  and 
thence  either  into  Rain,  fnow,  hail,  miB,  or  the  like. 

But  the  agent  in  this  formation  of  the  clouds  into 
Rain,  and  even  of  the  vapoiiis  into  clouds,  has  been 
much  controverted.  Moil  philofoifliers  will  have  it, 
that  the  cold,  which  conftantly  occupies  the  fuperior 
regions  of  the  air,  chills  an'd  condenles  the  veliculaf, 
at  their  arrival  from  a warmer  quarter  ; congregates 
them  too-ether,  and  occafions  I'everal  of  them  to  co- 
altfce  into  little  maiTcs  : and  thus  tlteir  quantity'  of  mat- 
ter increafiug  in  a higher  proportion  than  their  fiirface, 
they  become  an  overload  to  the  thin  air,  and  fo  defeenj 
in  Rain. 

Dr.  Derham  accounts  for  the  precipitation,  lienee; 
that  the  veftculie  being  full  of  air,  when  they  meet 
with  a colder  air  than  that  they  contain,  this  is  con- 
tra£l:ed  into  a lefs  fpace  : and.  confequently’’  the  watry 
fbell  or  cafe  becomes  thicker,  fo  as  to  become  heavier 
than  the  air,  Sic. 

But  this  reparation  cannot  be  aferibed  to  cold^  fince 
Rain  often  takes  place  in  very  warm  weather.  And 
though  we  'fliOLild  fuppofe  the  condenfation  owing  to 
the  cold  of  the  higher  regions,  yet  there  is  a remark- 
able fadt  which  will  not  allow  us  to  have  rccourfe  to  this 
fuppofition  : for  it  is  certain  that  the  drops  of  Rain  in- 
creafe  in  fize  confiderably’’ as  they  defeend.  On  the  top 
of  a hill  for  inflance,  they  will  be  fmall  and  incon- 
fiderable,  forming  only  a drizzling  fhower  ; but  half 
way  down  the  hill  It  is  much  more  confiderable  ; and 
at  the  bottom  the  drops  will  be  very  large,  defeending 
in  an  impetuous  Rain.  Which  flicws  that  the  atmo- 
fphere condenfes  the  vapours  as  well  where  it  is  warm  as 
where  it  is  cold. 

Others  allow  the  cold  only  a part  in  the  adlion,  and 
brl  ng  in  the  winds  as  fliarers  with  it : alledging,  that 
a wind  blowing  againil  a cloud  will  drive  its  veficulre 
upon  one  another,  by  which  means  feveral  of  them, 
coalefcing  as  before,  will  be  enabled  to  defeend  ; and 
that  the  effedi  will  be  flill  more  confiderable,  if  two 
oppofite  winds  blow  together  towards  the  fame  place  : 
they  add,  that  clouds  already  formed,  happening  to 
be  aggregated  by  frefh  acceflions  of  vapour  continu- 
ally afeending,  may  thence  be  enabled  to  defeend. 

Vet  the  grand  caufe,  according  to  Rohault,  is  flill 
behind.  That  author  conceives  it  to  be  the  heat  of  tlie 
air,  which,  after  continuing  for  fome  time  near  the 
■earth,  is  at  length  carried  up  on  high  by  a wind,  and 
VoL.  IL 
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thei  e thawing  the  fnowy  villi  Or  flocks  of  the 
half  frozen  veficulte,  it  reduces  them  into  drops ; 
vhich,  coalefcing,  defeend,  and  have  their  dilfolution 
perfedled  in  their  progrefs  through  the  lower  and 
warmer  ftages  of  the  atmofphere. 

Others,  as  Dr.  Clarke,  &c,  aferibe  this  defeent  of 
the  clouds  rather  to  an  alteration  of  the  atmofphere 
than  of  the  veficuLi? ; and  fuppofe  it  toanTc  from  a di- 
minution of  the  fpring  or  elallic  force  of  the  air.  This 
elaflicity',  which  depends  ciiiefly  or  wholly  on  the  dry 
terrene  exhahations,  being  weakened,  the  atmofphere 
finks  undej*  its  burden  ; and  the  clouds  fall,  on  the  com- 
mon principle  of  precipitation. 

Now  the  fmall  veficulie,  by  thefe  or  any  other  caufes, 
being  once  upon  the  delceiit,  will  continue  to  defeend 
notwrthllanding  the  increafe  of  refiflance  they  every 
moment  meet  with  in  their  progrefs  through  flill  denfer 
and  denfer  parts  of  the  atmofphere.  For  as  they'  all 
tend  toward  the  fame  point,  viz,  the  centre  of  the 
earth,  the  farther  they  fall,  tlie  more  coalitions  will 
they  make  ; and  the  more  coalitions,  the  more  matter 
wuTl  there  be  under  the  fame  furface  ; the  futface  only 
increafiug  as  the  fquares,  but  the  folidity  as  the  cubes 
oi:  the  diameters:  and  the  more  matter  under  the  fame 
lurface,  the  lefs  friclion  or  refiflance  there  will  be  to  the 
fame  matter. 

Thus  then,  if  the  caufes  of  rain  happen  to  afl 
early  enough  to  precipitate  the  afeending  veficul.y,  be- 
fore tiicy  are  arrived  at  any  confiderable  height,  the 
coalitions  being  few  in  fo  fl'.ort  a defeent,  the  drops 
will  he  proporcionably  fmall;  thus  forming  what  is 
called  dew.  If  the  vapours  prove  more  copious,  and 
rife  a little  higher,  there  is  produced  a mifl  or  fog.  A 
little  higher  flill,  and  they  produce  a fmall  rain,  &c. 
If  they  neither  meet  with  cold  nor  wind  enough  to 
condenfe  or  diflipate  them  ; they"  form  a heavy,  thick, 
dark  ficv,  which  lafls  fometimes  feveral  davs,  or  even 
weeks. 

But  later  writers  on  this  part  of  philofophical  fei- 
ence  have,  with  greater  fliew  of  truth,  confidered 
Rain  as  an  electrical  phenomenon.  Signlor  Beccaria 
reckons  Rain,  hail,  and  fnow',  among  the  effedls  of  a 
moderate  eicciricity  in  the  atmofphere.  Clouds  that 
bring  Rain,  he  thinks  are  produced  in  the  fame  man- 
ner as  thunder  clouds,  only  by  a moderate  eledlrlcitv* 
He  deferibes  them  at  large  ; and  the  refemblance  which 
all  their  phenomena  bear  to  thofe  of  thunder  clouds,  is 
very  flrlking.  Fie  notes  feveral  circiimflances  attend- 
ing Rain  without  lightning,  which  render  it  probable 
that  it  is  produced  by  the  fame  caufe  as  wdien  it  is  ac- 
companied with  lightning.  Light  has  been  feen 
among  the  clouds  by  night  in  rainy  v/eather  ; and  even 
by  day' rainy  clouds  are  fometimes  leeii  to  have  a bright- 
nefs  evidently  independent  ol  the  fun.  The  uniformity 
w ith  which  the  clouds  are  fpread,  and  with  which  the 
Rain  falls,  bethinks  are  evidences  of  an  uniform  caufe 
like  that  of  eleclricity.  The  intenfity  alfo  of  elec- 
tricity in  his  apparatus,  ufually  correfponded  very  near- 
ly TO  the  quantity  of  Rain  that  fell  in  the  fame  time. 
Sometimes  all  the  phenomena  of  thunder,  lightning, 
hail.  Rain,  fnow',  and  wind,  have  been  obferved  at 
one  time  ; vvliich  Ihews  the  connttBion  they  all  have 
with  fomc  common  caufe,  Signior  Beccaria  therefore 
fuppofes  that,  previous  to  Rain,  a quantity  of  cledlric 
T t matter 
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•matter  efcapcs  out  of  the  earth,  in  fome  place  where 
there  is  a redundancy  of  it ; and  in  its  afcent  to  the 
hi£>'her  regions  of  the  air,  colleCds’and  condudts  into  its 
path  a great  quantity  of  vapours.  The  lame  caufe  that 
colledls,  V/'ill.  condenfe  them  more  and  more  ; tdl,  in 
the  places  of  the  nearefl  intervals,  they  come  almoft 
into  contadf,  fo  as  to  form  fmall  drops  ; which,  umting* 
with,  others  as  they  fall,  come  down  in  the  form  , of 
Hain.  The  Rain  will  be  heavier  in  proportion  as  the 
electricity  is  more  vigorous,  and  the  cloud  approaches 
more  nearly  to  a thunder  cloud:  See.  Lei  ter  e dell 

Elettridjrao  ; and  Prieftley’s  Hid.  &c  of  Elecidricity, 
vol.  I,  pa.  427,  dre,  8vo.  And  for  farther  accounts  of 
the  phenomena  of  Rain  &c,  fee  Barometer,  Eva* 
PORATioN,  Ombrometer,  Pluviameter,  Vapour,. 
&c.  See  alfo  the  Theory  of  Rain,  by  Dr.  James 
Hutton,  art.  2 vol.  i of  TranfaCfions  of  the  Royal 
Society  of  Edinburgh. 

Llisantiiy  of  Rain,  As  to  the  general  quantity  of 
Rain  that  falls,  with  its  proportion  in  i'everal  places  at 
the  fame  time,  and  in  the  fame  place  at  different  times, 
there  are  many  obfervations,  journals,  &c,  in  the  Phi- 
lof.  Tranf.  the  Memoirs  of  the  French  A.cademy,  &c. 
A.nd  upon  meafuring  the  rain  that  falls  anniiallyi,  its 
depth,  on  a medium,  is  found  as  in  the  following  table  ; 

Mean  Annual  Depth  of  Rain  for  federal  Places* 
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Medium  ^.antity  of  Rain  at  London,  for  ft-veral  Tears, 
from  the  Philof.  Tranf, 
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..  See  alfo  Philof.  Tranf.  Abr.  vol.  4,  pt.-  2,  pa.  8l,T;c  ? 
and  vol. -10  in  many. places  ; alio  the  Meteorological 
Journal  of  the  Royal  Society,  publiihed  annually  in 
the  Philof.  Tranf.  and  the  article  Pluviameter  oc 
Ombrometer. 

it  isreafonably  to.  be  expeCfed,  and  all  experience 
hrews,  that  the  mod  Rain  falls  in  places  near  tire  fea 
coa.d,  and  kfs  and  lefs^as  the  places,  are  dtuated  more 
inland.  .Some  differences.Tifo  ariie  irom  the  cu'cuni-, 
dances  of  hills,  valleys,  See.  So  when  the  quan.tity  p£ 
Raiii  fallen  in  one  year  at  London,  is  20  inches,  tjrat 
on  the,  wedeim  coad  of  England  will  often  be  twice  a* 
much,  or  40  inches,  or  more.  Thofe  winds  alfo  bring 
mod  Rain,  that  blow  from  the  qu^ter  in  wiiich  is 
tlie  raoll  and  neared  fea;  as  our  wed  ‘and  foutli-wcd 
winds. 

It  is  alfo  found,  by  the  pluviameter  or  Rain -gage,, 
that,  in  any  one  place.,  the  more  Rain  is  colledied  in 
the  indrument,  as  it  isplaced  nearer  the  ground  ; without 
any  appearance  of  a difference,  betvv'een  two  places, 
on  account  of  their  diderence  of  level  .above  tire  ica, 
provided  the  indrument  is  but  as  far  from  the  ground  at 
the  one  place,  as  it  i.s  from  the  ground  at  the  otherv 
Thefe  cffedls  ai'e  remai'ked  in  the  Philof.  Tranf.  loi" 
1769  and  1771,  the  former  by  Dr.  Eleberden,  and  the 
latter  by  Mr.  Daines  Barrington.  Dr.  Hebcrden  fays, 
“ A comparifon  having  been  made  between  the  quan- 
tity of  Rain,  which  fell  in  two  places  in  London,  about 
a mile  didant  from  one  another,  it  was  found,  that  the 
Rain  in  one  of  them  condantly  exceeded  that  in  the 
other,  not  only  evei-y  month,  but  almod  every  tim.e  that 
it  rained.  The  appai-atus  ufed  in  each  of  them  was. 
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vei'v  exadt,  and  both  made  by  the  fame  artld  ; and 
upon  examining  every  pimbable  caiife,  this  unexpected 
variation  did  not  appear  to  be  owing  to  any'  midake, 
but  to  the  coridant  ededl  of  fome  circumdance,  which 
not  being  fuppofed  to  be  of  any  moment,  had  never 
been  attended  to.  The  R'En-gage  in  one  of  thefe 
places  was  iixed  fo  high,  as  to  rife  above  all  the 
neighbouring  chimnies ; the  other  was  confiderably 
below  them  ; and  there  appeared  reafou  to  believe,  that 
the  diderence  of  the  c|uanLity  of  Rain  in  thefe  two 
places  was  owing  to  this  diffei'ence  in  the  placing  of 
the  vefi'el  in  which  it  was  I'ecerved.  A fimnel  was 
thercfoi'e  placed  above  the  highed  ehirmnies,  and  ano- 
ther upon  the  ground  of  the  garden  belonging  . to  the 
fame  hoiife,  and  there  was  found  the  fame  difference 
between  thefe  tw'o,  though  placed  io  near  one  another, 
which  there  had  been,  betw-een  them,  when  placed  at 
fimilar  heights  in  different  pai'ts  of  the  town.  After 
this  fadl  was  fufficiently  aiceilaiiied,  it  was  thought 
proper  to  try  wdiether  the  diffei'ence  would  be  greater 
at  a much  greater  height  ; and  a Rain-gage  w-as  ther  e- 
fore placed  upon  the  fquare  part  of  the  roof  o.f  Weff- 
minder  Abbey.  Here  the  quantity  of  Rain  w-as  ob-, 
ferved  for  a twelvemonth,  the  Rain  being  meafuied  at- 
tire end  of  every  month,  and  care  being  taken  that 
none  dionld  evaporate  by  paffing  a very  long  tube.qf 
the  fimnel  into  a bottle  through  a cork,,  to  which  it, 
was  exadfly  fitted.  The  tube  went  down  very,  near  to 
the  bottom  of  the  bottle,  and  therefore  the  Rain  which  . 
fell  into  it  wmuld  foon  rife  above  the  end  of  the  tpl^^, 
fo  that  the  water  was  no  where  open  to  the  air  except 
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for  the  fmall  fpace  of  t^ie  area  of  the  tube  : and  by 
trial  it  was  found  that  there  was  nofenfible  evaporation 
through  the  tube  thus  fitted  up. 

♦ The.foliowing  table  fhews  the  refult  of  thefe  obfer- 
tions. 


From  July  the  ^th  'i  ']66,  to  July  tfe  7th  1767,  there 
• fell  in  a Rain -gage,  fixed 


Below  the 

L’^pon  the 

j Upon  Weft- 

1 7 66. 

toj)  of  a 

top  Qf  a 

! mi  after  Ab- 

\ 

houfe. 

houfe. 

bey. 

From 

the  7th  to 

! Inches. 

Inches. 

Inches, 

the 

end  of  July 

3-591 

3*210 

1 2*311 

Augiut 

September 

0-5)8 
0-42  I 

' 0*479 
0*344 

00 

0 

• 

0 

« • 

October 

2-36^ 

2 *c6 1 

I *416 

November 

I *079 

0*842 

0*632 

December 

I *6  12 

1*238 

0*994 

1767, 

January 

2^071 

>•455 

1*03? 

Lebruary 

2 • 864 

A *494 

1*333 

M a roll 

I ‘807 

'■303 

0 • 387 

April 

1*437 

1-21J  j 

0*994 

May 

2 -43  2 

1*745  ' 

1*142  ■ 

June 

July  7 

1 *997 
0-397 

1*426 

0*309  j 

1 

22 -608 

i-'*i39  1 

12*099  1 

By  this  table  it  appears,  that  there  fell  below  the 
top  of  a houfe  above  a filt'h  part  more  Rain,  than  uhat 
fell  in  the  fame  fpace  above  the  top  of  the  fame  houfe; 
and  that  there  fell  upon  Weflminller  Abbey  not  much 
above  one  half  of  what  was  found  to  fall  in  the  fame 
fpace  below  the  tops  of  the  lioufes.  This  experimt^ut 
has  been  repeated  in  other  places  with  the  fame  refult. 
What  may  be  the  caiife  of  this  extraordinary  differ- 
ence, has  not  yet  been  difeovered  ; but  it  may  be  ufe- 
fultogive  notice  of  it,  in  order  to  prevent  that  error, 
which  would  frequently  be  committed  in  comparing  the 
Rain  of  two  places  without  attendiiip-  to  tliis  circum- 
ftnncc.”  ^ 

- Such  wTre  the  obfervations  ofDr.  Hebcrden  on  frd 
announcing  this  circumflance,  viz,  of  different  quan- 
tities of  Rain  falling  at  different  heights  above  the 
ground.  Two  years  afterward.  Dairies  Barrington  Efq. 
made  the  following  experiments  and  obfervations,  to 
fliew  that  this  effedt,  with  refpedl  to  different  places,  re- 
fpeffed  only  the  fevcral  heights  of  the  inflrument  above 
the  ground  at  thofe  places,  without  regard  to  any  real 
difference  of  level  in  the  ground  at  thofe  places. 

Mr.  Barrington  caufed  two  other  Rain-gages,  ex- 
afif;ly  like  thofe  of  Dr.  Hebcrden,  to  be  placed,  the 
one  upon  mount  Rennig,  in  Wales,  and  the  other  on 
the  plane  below,  at  about  half  a mile’s  diflancc,  the 
perpendicular. height  of  the  mountain  being  450  yards, 
01*  HSO  f^’et ; each  gage  being  at  the  fame  height 
‘Rboye  the  furface  o ;the  ground  at  the  two  flatioiis. 


The  refults  of  the  Experiment  are  as  below  : 


4 

1770. 

Bottom  of  the 

mountain. 

I'opof  the 
mountain. 

From  July  6 to  16 

July  16  to  29 

July  29  to  Aug.  10. 
Sept.  9 both  bottles  had 

Inches, 

0 * 709 

2 * I 8 

o*6io 

Inches, 

0*648 

2*124 

0*656 

run  over. 

Sept.  9 to  30 

OH.  17.  both  bottles  had 

3*-H4 

2 - .464 

run  over. 

Oct.  17  to  2 3 

1 OH.  22  to  29 

^ Nov.  roboth  bottles  were 
' broken  by  the  frofl 

i 

0*747 

1*281 

0*88  5 
1*388 

8-7C6 

8*165  1 

• The  rnference  to  be  drawn  from  thefe  experiments, 
Mr.  Barrington  obferves,  feems  to  be,  that  the  in- 
ci cafe  of  the  quantity  of  Rain  depends  upon  its  nearer 
approximation  to  the  earth,  and  fcarccly  at  all  upon 
the  heiglit  of  places,  provided  the  Rain-gages  are  fixed 
at  about  the  fame  diflance  from  the  ground. 

“ Poffibly  alio  a much  controverted  point  between 
the  inhabitants  of  mountains  and  plains  may  receive  a 
folution  from  thefe  experiments  ; as  in  an  arJjacent 
valley,  at  kajl,  very  nearly  the  fame  quantity  of  Rain 
appears  to  fall  within  the  fame  period  of  time  as  upon 
the  neighbouring  mountains.” 

Dr.  Hebcrden  alfo  adds  the  following  note.  “ It  may 
not  be  improper  to  lubjoin  to  the  foretjoing  account, 
that.  In  jilaces  vvliere  it  was  firfl  obfeiwd,  a different 
quantity  of  Rain  would  be  c6]IeHcd,  according  as  the 
Rain -gages  w'cre  placed  above  or  below  the  tops  of  the 
ntighhoiiring  buildings  ; the  Rain-gage  below  the  top 
of  the  houfe,  into  whicli  the  greater  quantity  of 
Rain  had  foi  fe\eial  yeais  been  found  to  fall,  w'as  abo^’e 
15  feet  above  the  level  of  the  other  Rain-gage,  which 
in  another  part  of  London  was  placed  above  the  top  of 
tlie  houfe,  and  into  which  the  leffer  quantity  alv^’ays 
fell.  This  difference  therefore  does  not,  as  Mr.  Bar- 
imgton  juflly  remarks,  depend  upon  the  greater  quan* 
tity  of  atmofphere,  thioug’ii  which  the  Ram  defeends; 
though  this  has  been  fuppofed  by  fome,  who  have 
thence  concluded  that  this  appearance  might  readily  be 
folved  by  the  accumulation  of  more  drops,  in  a defceiit 
through  a great  depth  of  atmofphere.” 

RAINBOW,  Iris,  or  fimply  the  Bon.v,  is  a meteor 
in  form  of  a party-coloured  arch,  or  femicircle,  exhi- 
bited in  a rainy  iky,  oppofite  to  the  fun,  by  the  re- 
flation and  reflection  of  his  rays  in  the  drops  of 
falling  rain.  There  is  alfo  a lecondary,  or  fainter  bow, 
ufually  leen  invefting  the  former  at  fome  diflance! 
Among  naturalifls,  we  alfo  read  of  lunar  Rainbows! 
marine  Rainbows,  &c. 

The  Rainbov’’,  Sir  Ifaac  Newton  obferves,  never 
appears  but  where  k rains  in  the  funlhine  ; and  it  may 
be  reprefented  artificially,  by  contriving  water  to  fall 
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In  fmall  drops,  like  rain,  through  which  the  fun  Oiiriing, 
exhibits  a bow  to  a fpeftator  placed  between  the  lun 
and  the  drops,  efpecially  it  there  be  dilpoi’cd  beyond 
the  drops  fame  dark  body,  as  a black  cloth,  or  iuch 
like. 

Some  of  the  ancients,  as  appears  by  Ariftotle’s  traft 
on  Meteors,  knew  that  the  Rainbow  was  caufed  by  the 
rclrablion  of  the  fun’s  light  in  drops  of  falling 
li^ong  afterwards,  one  Fletctier  of  Breflaw,  in  a treatile 
which  he  pubh'lhed  in  1571,  endeavoured  rnoreparU- 
cuiaily  to  account  for  the  colours  of  tiie  Rainbow  by 
means  of  a double  refraction,  and  one  reflexion-  But 
he  imagined  that  a ray  of  light,  after  entering  a drop 
of  rain,  and  fufferlng  a refraCtion,  both  at  its  entrance 
and  exit,  was  afterwards  reficCled  from  another  drop, 
before  it  reached  tlie  eye  of  the  fpeCfator.  It  feems  he 
oveiHooked  the  refleClion  at  the  farther  fide  of  the  drop, 
or  elfe  he  imagined  that  all  the.  bendings  oi  the  light 
within  the  drop  would  not  make  a fufiicient  curvature, 
to  bring  the  ray  or  the  fun  to  the  eye  of  the  fpeCIator. 
But  Antonio  de  Dominis,  bifhop  of  Spalato,  about  the 
year  1590,  w'hofe  treatiie  De  Dadlts  Dijus  et  Duels  was 
publiOied  ill  161 1 by  J.  Bartohis,  iirll;  advanced,  that 
the  double  refraClIon  of  Fletcher,  with  an  intervening 
xedeCfion,..  was  fufficient  to  produce  the  colours  of  the 
Rainbow,  and  alfo  to  bring  the  rays  that  formed  them 
to  the  eye  of  the  fpeCiator,  without  any  Inbrequent 
refleCbion.  He  diflinClly  deferibes  the  progrefs  of  a 
ray  of  light  entering  the  upper  part  of  the  drop, 
where  it  fulTers  one  refradllon,  and  after  being  by  that 
thrown  upon  the  back  part  of  the  inner  furface,  is 
from  thence  refleCfied  to  the  lower  part  of  the  di'op  ; 
at  which  place  undergoing  a fecond  refraClion,  it  is 
thereby  bent  fo  as  to  come  direClly  to  the  eye.  To 
verify  this  hypothecs,  he  procured  a fmail  globe  of 
folid’  gkfs,  and  viewing  it  wdien  it  was  expofed  to  the 
rays  of  the  fun,  in  the  fame  manner  in  which  he  had 
fuppofed  the  drops  of  rain  were  fituated  with  refpeCB 
to  them,  he  actually  obferved  the  fame  Colours  which 
he  had  feen  in  the  true  Rainbow,  and  in  the  fame 
order.  Thus  this  author  {hewed  how  the  interior  bow 
Is  formed  in  round  drops  of  rain,  viz,  by  tv/o  refrac- 
tions of  the  fun’s  rays  and  one  reftecbion  between  them  ; 
and  he  likewufe  fliewed  that  the  exterior  how  is  formed 
by  two  refractions  and  two  forts  of  refiedions  betweem 
them  in  each  drop  of  water. 

The  theory  of  A.  de  Dominis  was  adopted,  and  in 
fome  degree  improved  v;ith  refpeCl  to  the  exterior  bow, 
by  Des  Cartes,  in  his  treatife  on  Meteors  ;■  and  indeed 
he  was  the  firk  who,  by  applying  matliematics  to  the 
iaveftigation  of  this  furprihug  appearance,  ever  gave 
tolerable  theory  of  the  Rainbow,  Fhilofophers  were 
however  Hill  at  a lofs  when  they  endeavoured  to  afSgri 
reafons  for  all  the  particular  colours,  and  for  the  order 
of  them.  Indeed  nothing  but  the  doClrine  of  tlie  dif- 
ferent refranglbility  of  the  rays  of  light,  a difeovery 
which  was  referved  for  the  great  Newton,  could  furnifli 
a complete  folntion  of  this  difficulty. 

Dr.  Barrow,  in  his  LeCliones  Opticse,  at  LeCl.  12, 
n.  14,  fays,  that  a friend  of  his  (by^  whom  we  are  to 
imderlland  Mr.  Newton)  communicated  to  him  a way 
of  determining  the  angle  of  the  Rainbow,  which  was 
hinted  to  Newton  by  Slufius,  without  making  a table 
of  the  refractions,  as  Des  Cartes  did.  The  doctor  ffiews 
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the  method;  as  alfo  feveral  other  matters,  at  n.  74, 

15,  16,  relating  to  the  Rainbow^  worthy  the  genius  of 
thofe  two  eminent  mcm  But  the  lubjeCt  was  given 
more  perfectly  by  Newton  afterwards,  viz,  in  his  Op- 
tics, prop.  9 ; where  he  makes  the  breadth  of  the 
interior  bow  to  be  nearly  2^  15',  that  of  the  exte- 
rior 3®  40',  their  dillance  8°  2 C,  the  greateit  femidi- 
ameter  of  the  interior  bow  42®  17',  and  the  leall  of 
the  exterior  50^  42’,  wdien  their  colours  appear  Hrong 
and  perieCd, 

The  doCtrine  of  the  Rainbow  may  be  illullratcd  and 
confirmed  by  experiment  in  feveral  different  ways,  . 
Thus,  by  hanging  up  a glafs  globe,  full  of  water,  in  i 
the  fun-fhine,  and  viewing  it  in  fuch  a pofture  that  the 
rays  wdiich  come  from  the  globe  to  the  eye,  may  include 
an  angle  either  of  42°  or  50®  wuth  the  fun’s  rays  ; for 
ex.  if  the  angle  be  about  42®,  the  fpeClator  will  fee  a 
full  red  colour  in  that  fide  of  the  globe  oppofite  to  the'  ! 
fun.  And  by  varying  the  pofition  fo  as  to  make  that  i 
angle  gradually  lels,  the  other  colours,  yellow,  green,  , 
and  blue,  will  appear  fucceffively,  in  the  fame  fide  of  I 
the  globe,  and  that  very  bright.  But  if  the  angle  be 
made  about  50°,  fuppofe  by  railing  the  globe,  there  j 
will  appear  a red  cokiur  in  that  fide  of  the  globe  to- 
ward the  fun,  though  iomewhat  faint ; and  if  the  angle  I 
be  made  greater,  as  by  raifing  the  globe  Hill  higher, 
this  red  will  change  iucceffiveiy  to  the  other  colours,, 
yellow,  green,  and  blue.  And  the  fame  changes  j 
are  obferved  by  raifing  or  depreffing  the  eye,  while  I 
the  globe  is  at  refl.  Newt-on’s  Optics,  pt.  2,  prop, 

9,  prob.  4. 

Again,  a fimilar  bow  is  often  obferved  among  the 
waves  of  the  fea  (called  the  marine  Rainbovj),  the  up- 
per parts  of  the  waves  being  blown  about  by  the  wind,.; 
and  fo  falling  in  drops-.  This  appearance  is  alfo  feei\ 
by  moon  light  (called  tht  lunar  Ralnhoao)^  though  fel- 
dom  vivid  eno.ugh  to  render  the  colours  dillinguifhablc,. 
Alfo  it  is  fometime-s  feen  on  the  ground,  when  the  fun 
ihines  on  a very  thick  dew.-  Cafeades  and  fountains 
too,  whofe  waters  are  in  their  fail  divided  into  drops,., 
exhibit  Rainbows  to  a-  fpeCfatoiv  if  properly  fituated 
during  the  time  of  the  tun’s  fliining  ; and  even  water 
blown  violently  ontoi  the  mouth  of  an  oblerverj.fland-- 
ing  with  his  back  to  the  fun,  never  fails  to  produce 
the  fame  phenomenon.  The  artilieial  Rainbow  may 
even  be  produced  by  candle  light  on  the  water  which-- 
is  ejeCled  by  a fmail  fountain  orjetd’eau.  All  thefe 
are  of  the  lame  nature,  and  they  depend  upon  the  fame 
caufesq  foinc  account  of  which  is  as  follows.^  ’ il 
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Let  the  circle  WQGB  reprefent  a drop  of  water, 
or  a globe,  upon  which  a beam  of  parallel  light  falls,  of 
which  let  TB  reprefent  a ray  falling  perpendicularly  at 
B,  and  which  confequently  either  paffes  through  with* 
out  refraflion,  or  is  refiebfed  direbtly  back  troin 
Suppofe  another  ray  IK,  incidental  K,  at  a diltance 
from  B,  and  it  will  be  refrabled  according  to  a certain 
ratio  of  the  fines  of  incidence  and  refrabfion  to  each 
other,  which  in  rain  water  is  as  529  to  396,  to  a 
point  L,  whence  it  will  be  in  part  tranfmitted  in  the 
direflion  L Z,  and  in  part  reflected  to  M,  where  it 
■will  again  in  part  be  rededted,  and  in  part  tranf- 
mitted  in  the  diredlion  MP,  being  inclined  to  the  line 
deferibed  by  the  incident  ray  in  the  angle  I OP. 
Another  ray  AN,  ftill farther  from  B,  and  confeq'aently 
incident  under  a greater  angle,  will  be  refracled  to  a 
point  F,  Hill  farther  from  whence  it  wdi  be  in  part 
refletled  to  G,  from  which  place  it  will  in  part  emerge, 
forming  an  angle  AXR  with  the  incident  AN, 
greater  than  that  which  was  formed  between  the  ray 
MP  and  its  incident  ray.  And  thus,  while  the  angle  of 
incidence,  or  ddlance  of  the  point  of  incidence  from 
B,  increafes,  the  didance  between  the  point  of  reflec- 
tion and  and  the  angle  foimed  between  the  incident 
and  emergent  rcfiedled  rays,  will  alio  increale  ; that  is, 
as  far  as  it  depends  on  the  diflance  from  B : but  as  the 
refradlion  of  the  ray  tends  to  carry  the  point*-of  reflec- 
tion towards  and  to  diminilh  the  angle  formed  be- 
tween the  incident  and  emergent  lefledfed  ray,  and  that 
the  more  the  greater  the  dillance  of  the  point  of  inci- 
dence from  B,  there  will  be  a certain  point  of  inci- 
dence between  B and  VV,  with  which  the  greatell  pof- 
fible  diflance  between  the  point  of  reflection  and 
and  the  greateft  pofiibie  angle  between  the  incident 
and  em.eigent  refleCled  ray,  will  correfpond.  So  that  a 
ray  incident  nearer  to  B (hall,  zt  its  emergence  after 
reflection,  form  a lefs  angle  with  the  incident,  by  rea- 
fon  of  Its  more  dlrcdt  reflection  from  a point  nearer  to 
Qj  and  a ray  incident  nearer  to  \V^,  fhall  at  its  emer- 
gence form  a lefs  angle  with  the  incident,  by  reafon  of 
the  greater  quantity  of  the  angles  of  refraction  at 
its  incidence  and  emergence.  The  rays  which  fall  for 
a confiderable  fpace  in  the  vicinity  of  that  point  of  in- 
cidence wdth  which  the  greateit  angle  of  emergence 
eorrefponds,  will,  after  emerging,  form  an  angle  with 
the  incident  rays  differing  inlenfibly  from  that  greated 
angle,  and  confequently  will  proceed  nearly  parallel  to 
each  other;  and  thofe  rays  wfliich  fall  at  a diflance  from 
that  point  will  emerge  at  various  angles,  and  confe- 
quently  will  diverge.  Now,  to  a fpectator,  whofe 
back  is  turned  towards  the  radiant  body,  and  whofe 
eye  is  at  a confiderable  diflance  from  the  globe  or  drop, 
the  divergent  light  will  be  fcarcely,  if  at  all,  percep- 
tible ; but  if  the  globe  be  fo  fituated,  that  thofe  rays 
that  emerge  parallel  to  each  other,  or  at  the  grcatell 
poffible  angle  with  the  incident,  may  arrive  at  the  eye 
cf  the  I'pebtator,  he  will,  by  means  of  thofe  rays,  be- 
hold it  nearly  with  the  fame  fplendourat  any  diflance. 

In  like  manner,  thofe  rays  which  fall  parallel  on  a 
globe,  and  are  emitted  after  two  reflections,  fuppofe 
at  the  points  F and  G,,  will  emerge  at  H pardllel  to 
each  oth_  , wdien  the  angle  they  make  with  the  inci- 
dent AN  is  the  lead  poffible  j and  tlie  globe  mull  be 


si'  R ^ ^ 

feen  very  refplendent  when  its  pofition  is  fuch,  that 
thofe  parallel  rays  fall  on  the  eye  of  the  fpedflator. 

The  quantities  of  thefe  angles  are  determined  by 
calculation,  the  proportion  of  the  fines  of  incidence 
and  refraftion  to  each  other  being  known.  And  this 
proportion  being  different  in  rays  which  produce  diffe- 
rent colours,  the  angles  muff  vary  in  each.  Thus  it 
is  found,  that  the  greateff  angle  in  rain  water  for  the 
leaff  refrangible,  or  red  rays,  emitted  parallel  after  one 
refleeflion,  is  42^2',  and  tor  the  molt  refrangible  or 
violet  rays,  emitted  parallel  after  one  reflection, 
40°  17';  likewlfe,  after  two  refledlions,  the  leaff  re- 
frangible, or  red  rays,  will  be  emitted  nearly  parallel 
under  an  angle  of  50°  57',  and  the  molt  refrangible,: 
or  violet,  under  an  angle  of  ^4°  7'  ; and  the  interme- 
diate  colours  will  be  emitted  nearly  parallel  at  interme- 
diate angles. 

Suppole  now,  that  O is  the  fpectator’s  eye,  and 
OP  a line  drawn  parallel  to  the  fun’s  rays,  S£,  S-F, 
SG,  and  SH; 


and  let  POE,  POF,  POG,  POH  be  angles 
of  40*^  lyS  50°  57^?  54°  7*  refpeCtively  ; 

then  thefe  angles  turned  about  their  common  fide  OP, 
will  with  their  other  fides  OE,  OF,  OG,  OH  de- 
feribe  the  venires  of  the  two  Rainbows,  as  in  the  fi(jure. 
For,  if  E,  F,  G,  FI  be  drops  placed  any  where  in  the 
conical  fuperheies  deferibed  by  OF.,  OF,  OG,  OH, 
and  be  illuminated  by  the  fun’s  rays  SE,  SF,  SG, 
SH  ; the  angle  SEO  being  equal  to  the  angle  POE, 
or  40^  I 7^,  will  be  the  greateff  angle  in  which,  the  moll 
refrangible  rays  can,  alter  one  refltCFion,  be  refraChed 
to  the  eye,  and  therefore  all  the  drops  in  the  Ime  OE 
muff  fend  the  moff  refrangible  rays  molt  copioufly  to 
the  eye,  and  fo  ffrike  the  fenie  with  the  deepell  violet 
colour  in  that  region.  In  like  manner,  the  angle  SFO’ 
being  equal  to  the  angle  POF,  or  42°  z\  will  be  the 
greateff  in  which  the  leaff  refrangible  rays  after  one 
refieClion  can  emerge  out  of  the  drops,  and  there- 
fore thofe  rays  muff  come  moff  copioufly  to  the  eye 
from  the  drops  in  the  line  OF,  and  ffrike  the  fenie 
with  the  deepeff  red  colour  in  that  region.  And,  by 
the  fame  argument,  the  rays  which  have  the  inter- 
mediate degrees  of  refranglbility  will  come  moff  co- 
pioufly  from  drops  between  E and  F,  and  ffrike  the 
Rnfes  with  the  intermediate  colours  in  the  order  which 
their  degrees  of  refrangibiiity  require  ; that  is,  in  the 
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p-iogi'cfs  from  E to  F,  or  from  the.  in  fide  of  the  bow 
to  the  outfidcj  in  this  oiderj  violet,  indigo,  blue, 
green,  yellow,  orange,  red.  But  the  violet,  by  the 
lULx'ture  of  tlie  white  light  of  the  clouds,  v/ill  appear 
faint,  and  inclined  to  purple. 

Again,  the  angle  SGO  being  equal  to  the  angle 
fog,  or  50*^  yy',  will  be  the  lead  angle  in  which  the 
Icall;  refrangible  rays  can,  after  tw'o  refledtions,  emerge 
out  of  the  drops,  and  therefore  the  lead  refrangible  rays 
mud  come  rnoit  copiondy  to  tlie  eye  from  the  drops  in 
the  line  OG,  and  (hike  the  ienfe  with  tlie  deeped  red 
in  that  region.  And  the  angle  SliO  being  equal  to  the 
angle  FOB,  or  54°  ’~}\  will  be  the  lead  angle  in  which 
the  mod  rei'rangible  rays,  after  two  refledfions,  can 
emci'gc  out  of  the  drops,  and  therefore  thofe  rays 
mild  come  mod  copioudy  to  the  eye  from  the  drops  in 
the  line  OH,  and  drike  the  fenfe  with  the  deeped 
violet  in  that  region.  And,  by  the  fame  argument, 
the  drops  in  tlie  regions  between  G and  H will  drike 
the  fenfe  with  the  intermediate  colours  in  the  order 
which  their  degrees  of  retrangibility  require  ; that  is, 
in  the  progrefs  from  G to  H,  or  from  tlieinfide  of  the 
bow  to  the  outfide,  in  this  order,  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet.  A^nd  fince  the  four 
hues  OE,  OF,  OG,  OH  may  be  fituattd  any  w’here 
in  the  above-mentioned  conical  fuperlicies,  what  is  faid 
of  the  drops  and  colours  in  thefe  lines,  is  to  be  under- 
ftood  of  the  drops  and  colours  every  where  in  thofe  fu- 
perficies. 

Thus  there  will  be  made  two  bows  of  colours,  an 
interior  and  ftronger,  by  one  refledfion  in  the  drops, 
and  an  exteiior  and  laintcr  by  two;  for  the  light  be- 
comes fainter  by  every  rededion  ; and  their  colours 
will  lie  m a contrary^  order  to  each  other,  the  red  of 
both  bows  bordering  upon  the  fpace  GF,  which  is  be- 
tween the  bows.  The  breadth  of  the  interior  bow, 
FOI',  mcalured  acrofs  tlie  colours,  will  be  1°  i y and 
the  breadih  of  the  exterior  G OH,  will  be  Jo',  alfo 
the  diftance  between  them  GOF,  will  be  the 

g’reatell  femidiameter  of  the  innermoft,  that  is,  the 
angle  FOF,  being  42°  z\  andtheleaft  ftmiidiameter  of 
the  outeimcfi  FOG  being  yo°  57  ^ Thefe  are  the  raea- 
lurcs  of  the  bows  as  they  W'Ould  be,  were  the  fun  but 
a point  ; but  by  tlie  breadth  of  his  body,  the  breadth 
of  the  bovi's  will  be  increafed  by  half  a degree, 
and  their  diflance  diminifned  by  as  much;  fo  that 
the  breadth  of  the  inner  bow  will  be  2°  15^,  that 
of  the  outer  3°  40^,  their  diflance  8°  25';  the  greatefl 
femidiameter  of  the  interior  bow  42°  \ and  the  leaf! 

of  the  exterior  50°  42^.  Andfuch  are  the  dimenfions 
of  the  bows  in  the  heavens  found  to  be,  very  nearly, 
when  their  colours  appear  flrong  and  perfedf. 

d he  light  whicli  comes  through  drops  of  rain  by  two 
icfradtions  -without  any  reficdlion,  ought  to  appear 
iliongeft  at  the  diflance  of  about  26  degrees  from  the 
fun,  and  to  decay  gradually  both  vi'ays  as  the  diflance 
from  tlie  fun  increafes  and  decreafes.  And  the  fame  is 
to  be  underflood  of  light  tranfmitted  through  fphcrical 
l ailfloncs.  jf  the  hail  be  a little  flatted,  as  it  often 
is,  tlie  light  tranfmitted  may  grow  fo  flrong  at  a little 
lels  diflance  than  that  of  26°,  as  to  form  a halo  about 
the  fun  and  moon;  which  halo,  when  the  flones  are 
duly  figured,  may  be  coloured,  and  then  it  mufl  be 


red  wn’thin,  by  the  lead  refrangible  rays,  and  blue 
wdthout,  by  the  mod  I'efrangible  ones. 

The  light  which  paffes  through  a drop  of  raia 
after  two  refradlions,  and  three  or  moi'e  reflections, 
is  fcarce  drong  enough  to  caufe  a fenfible  bow. 

As  to  the  dimenfion  of  tlte  Rainbowp  Des  Cartes  firfb 
•determined  its  diameter  by  a tentative  and  indiredt 
method  ; laying  it  down,  that  the  magnitude  of  the 
bow  depends  on  the  degree  of  refraclion  of  the  duid^ 
and  aduming  the  ratio  of  the  fine  of  incidence  to  that 
of  refradlion,  to  be  in  water  as  250  to  1S7.  But  Dr. 
Halley,  in  the  Pliilof.  Tranf.  number  267,  gave  a 
Ample  diredc  method  of  determining  ;he  diameter  of 
the  Rainbow  from  the  ratio  of  the  refradfion  of  the 
fluid  being  given  ; or,  vice  verfa,  the  diameter  of  the 
Rainbow  being  given,  to  determine  the  refradtive  power 
of  the  fluid.  And  Dr.  Halley’s  principles  and  condriic- 
tion  were  farther  explained  by  Dr.  Morgan,  bifliop  of 
Ely,  in  his  DiFertation  on  the  Rainbow,  among  the 
notes  upon  Fvchault’s  Syfiem  01  i’hilofophy,  part  3, 
chap.  I 7. 

From  the  theory  of  the  Rainbow,  all  the  particu- 
lar phenomena  of  it  are  eafily  deducible.  Hence  we 
fee,  1 11,  Why  the  iris  is  alway^s  of  the  fame  breadth  ; 
becaufe  the  intermediate  degrees  of  refrangibility  of  the 
rays  betueen  red  and  violet,  which  are  its  extreme  co- 
lours, are  always  the  fame, 

adly.  Why  the  bow  diifts  its  dtuation  as  the  eye 
does ; and,  as  the  popular  phrafe  lias  it,  flies  from  thofe 
who  follow  it,  and  follows  thofe  that  fly  from  it ; the 
coloured  drops  being  difpofed  under  a certain  angle, 
about  the  axis  of  vifion,  which  is  different  in  diffe- 
rent places  : whence  alfo  it  follows,  that  every,  different 
fpedlator  fees  a different  bow. 

3dly,  Why  the  bow  is  foraetiines  a larger  portion  of 
a circle,  fometimes  a lefs:  its  magnitude  depending  on 
the  greater  or  lefs  part  of  thefurface  of  the  cone,  above 
the  furface  of  the  earth,  at  the  time  of  its  ap- 
pearance ; and  the  higher  the  fun,  always  tiie  lefs  the 
Rainbow.  ~ 

4thly,  Why  the  bow  never  appears  when  the  fun 
is  above  a certain  altitude  ; the  furface  of  the  cone, 
in  -wdiich  it  fliould  be  feen,  being  lofl  in  the  ground 
at  a little  diflance  from  the  eye,  when  the  fun  is  above 
42°  high, 

3thly,  Why  the  bow  never  appears  greater  than , 
a fern i circle,  on  a plane;  fince,  be  the  fun  never  fo 
low,  and  even  In  the  horizon,  the  centre  of  the  bo\v  ^ 
is  ftill  m the  line  of  afpedt ; which  in  this  cafe  runs , 
along  the  earth,  and  is  not  at  all  raifed  above  the  fur-^ 
face.  Indeed  if  the  fpedlator  be  placed  on  a very  con- 
fiderable  eminence,  and  the  fun  in  tlie  horizon,  the 
Hue  of  afpedl,  in  which  the  centre  of  the  bow  is,  , 
will  be  confiderably  raifed  above  the  horizon.  And 
if  the  eminence  be  very  high,  and  the  rain  near,  it. 
is  poffible  the  bow  may  be  an  entire  circle. 

6thly,  How  the  bow  may  chance  to  appear  inverted, 
or  the  concave  fide  turned  upwards  ; vizj  a cloud  hap- 
pening to  intercept  the  rays,  and  prevent  their  fliining 
on  the  upper  part  of  the  arch  ; in  which  cafe,  only  the 
lower  part  appearing,  the  bow  will  feem  as  if  turned  ’ 
iipfide  down ; wfliich  has  probably  been  the  cafe  in 
feveral  prodigies  of  this  kind,  related  by  authors. 
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Rainbow.  The  moon  fometimes  alfo  exhi- 
bits the  phenomenon  of  an  iris,  by  the  refradlion  of 
her  rays  in  the  drops  of  rain  in  the  night-time. 

Ariftotle  fays,  he  was  the  hrh  that  ever  obferved  it  ; 
and  adds,  it  is  never  feen  but  at  the  time  of  the 
full  moon  ; her  light  at  other  times  being  too 
faint  to  alfedl  the  fight  after  two  refractions  and  one 
vededlion. 

, The  lunar  iris  has  all  the  colours  of  the  folar,  very 
diftindf  and  pleahmt  ; only  fainter,  both  from  the  diffe- 
rent intenlity  of  the  rays,  and  the  different  difpofition 
of  the  medium. 

Marine  Rainbow.  This  is  a phenomenon  fome- 
times  obferved  in  a much  agitated  fea  ; when  tlie  wind, 
fvreeping  part  of  the  to'ps  of  the  waves,  carries  them 
aloft  ; lo  that  the  fun’s  rays,  falling  upon  them,  arc 
refracfed,  &c,  as  in  a common  fhower,  and  there  paint 
the  colours  of  the  bow.  Thefe  bows  are  lefs  diilin- 
gulfliable  and  briglit  than  the  commoii  bow  ; bur.  then 
they  exceed  as  to  numbers,  there  being  fometimes  20 
or  30  feen  together.  They  appear  at  noon  day,  and  in 
a polition  oppofite  to  that  of  the  tommon  bow,  tlie 
concave  fide  being  turned  upwards,  as  indeed  it  ought 
to  be.  » 

RAIN- Gage,  an  inflrument  for  meafuring  tlie 
quantity  of  rain  that  falls.  It  Is^the  hime  as  Ombro- 
meter, or  Pluviameter,  which  fee. 

RAKED  ^ahk,  or  Raking  To.hle,  in  Architeclure, 
a member  hollowed  in  the  fquarc  of  a pedeilal,  or  elfe- 
wherc. 

RAM,  in  Aflronomv.  See  Aries. 

Ram,  haltering.  See  L atteri n g Tvr.'w. 
Rams-Horns,  in  Foi tilication,  a name  given  by 
Belldor  to  the  Tenailles. 

RAMPART,  or  Ram  PIER,  in  Fortification,  a maffy 
bank  or  elevation  of  earth  around  a place,  to  cover  it 
from  tlie  direct  hie;  of  an  cnem.y,  and  of  fulHcient 
thieknefs  to  refill  the  efforts  of  their  cannon  for  many 
days.  It  is  formed  into  bafllons,  curtains,  occ. 

Upon  the  Rampart  the  foldiers  eontiiiiiallv  keep 
guard,  and  the  pieces  of  artillery  are  planted  for  de- 
fence. AHo,  to  fhelter  the  men  from  tlie  enemv’s  fhot, 
the  outfide  of  the  Rampart  is  built  higlier  than  the  red, 
i.  e.  a parapet  is  railed  upon  it  with  a platform.  It  is 
encompaffed  with  a moat  or  ditch,  out  of  whieli  is 
dug  the  earth  that  forms  the  Rampart,  which  is  la-ifcd 
Hoping,  that  the  earth  may  not  flip  down,  and  liaving 
a berme  at  bottom,  or  is  otlierwife  fortititd,  being 
lined  with  a facing  of  brick  or  ftone. 

The  height  of  the  Rampart  need  not  be  more  than 
3 fathoms,  this  being  fuffieient  to  cover  the  houfes  from 
the  battery  of  the  cannon  ; neither  need  its  thieknefs 
be  more  than  10  or  12,  unlefs  more  earth  come  out  of 
the  ditch  than  can  otlierwife  be  bellowed. 

The  Ramparts  of  halfmoons  are  the  better  for  being 
low,  that  the  fmall  fire  of  the  defendants  may  the 
better  reach  the  bottom  of  the  ditch;  but  yet'tliey 
mull  be  lo  high  as  not  to  be  commanded  by  the  covei  t- 
,way. 

• Rampart  is  alfo  ufed,  in  civil  architedfure,  for  the 
void  fpace  left  betw'ecn  the  wall  of  a city  and  the 
houfes.  This  is  what  the  Romans  called  Pomcerium, 
where  it  was  forbidden  to  build,  and  where  they  planted 
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rows  of  trees  for  the  people  to  walk  and  amufe  theni« 
fcives  under. 

RAMUS  (Peter),  a celebrated  French  mathe- 
matician and  philofopher,  was  born  in  1519,  in  a vil- 
lage of  Vermandois  in  Picardy.  He  w^as  defeended 
of  a good  family,  which  had  been  reduced  to  extreme 
poverty  by  the  wars  and  other  mislortunes.  blis  own 
life  too,  fays  Bayle,  was  the  fport  of  fortune.  In  his 
infancy  he  was  twice  attacked  by  the  plague.  At  8 
years  of  age,  a thirll  for  learning  urged  him  to  go  to 
J^aris  ; but  he  was  foon  forced  by  poverty  to  leave  tliat 
city.  Pic  returned  to  it  again  xs  foon  as  lie  could;  but, 
being  unable  to  lupport  himfelf,  he  left  it  a fecond 
time;  yet  his  paiTion  for  lludy  was  fo  violent,  that 
not  with  Handing  his  bad  fuccefs  in  the  two  former 
vifits,  Jie  ventured  upon  a tliird.  H-e  w’us  maintained 
there  fome  months  by  one  of  his  iincUs;  after  which 
he  was  obliged  to  become  a fervant  in  the  college  of 
Navarre,  biere  he  fpciit  the  day  in  waiting  upon 
his  mallei s,  and  the  greatell  part  of  the  nipEt  iu 
Hudy.  ^ 


After  liaving  finillied  claliical  learning  and  rhetoric., 
a coutfc  of  philofophy,  which  took 
Inm  up  three  years  and  a half  in  the  fchools.  The 
thdis,  w'hieh  he  made  for  his^  mailer- of  arts  degree, 
oflended.  every  one  ; lor  he  maintained  in  it,  that  all 
that  Anlloilehad  advanced  was  falfe  ; and  he  gave  very 
good  aiifwcrs  to  the  objections  of  the  profefibrs.  This 
luccefs  encouraged  him  to  examine  the  doctrine  of 
A nil  otic  more  clofely,  and  to  combat  it  vip-oroully  : 
but  he  confined  himfelf  cliiefly  to  his  logic.  ^The  two 
firil  books  he  publillied,  the  'one  entitled,  Inflitutiones 
XJ the  other  Arijlotelicai  -^^^nnnaiiverliotics^  ocea-^ 
honed  great  diilurbances  in  the  iiniverlity  of  l^aris. 
The  profefibrs  thci'e,  who  were  adorers  of  Arillotle, 
ought  to  have  refuted  Ramus’s  books,  if  they  could, 
by  writings  and  lectures:  but  initcad  of  confining 
thenifelves  within  the  juil  bounds  of  academical  wars, 
they  profecuted  this  anti-pei ipatetic  before  the  civil 
magiilratt,  as  a n;an  who  was  going  to  fap  the  founda- 
tions of  I'eligiqii.  They  raifed  fuch  clamours,  that  tlie 
cauic  as  caiiie^l  before  tlie  parliament  of  Pans  : but, 
perceiving  that  it  woulu  be  examined  equably,  bis  ene- 
mies by  their  Intrigiies  took  it  from  that  tribunal,  to 
bring  it  before  the  king’s  council,  in  1343.  The  king 
ordered,  that  Rarnus  and  Anthony  Govea,  who  was 
lus  piiiicipdl  adverfary,  iFouId  choe  fe  two  judges  each, 
to  pronounce  on  the  eontroverfy,  after  tliey  I'hould  have 
ended  their  difputation  ; while  he  himfelf  appointed  a 
deputy.  Ramus  appealed  before  the  five  judges,  though 
three  of  them  were  his  declared  enemies.  The 


difpute  laded  two  days,  and  Govea  had  all  the  ad- 
vantages he  could  dehre ; Ramus’s  books  being  pro- 
liibited  in  all  parts  of  the  kingdom,  and  their  au- 
thor fentenced  not  to  teach  philofophy  any  louo-cr  • 
upon  which  his  enemies  triumphed  in  the  riioll  inde- 
cent manner. 

. The  year  cafter,  the  plague  made  great  havoc  in 
Paris,  and  forced  moll,  of  the  Hudents  in  the  college  of 
Prefie  to  qui:  it  ; hut  Ramus, , being  prevailed  upon  to 
teach  in  it,  foon  drew  together  a great  number  ^ f an- 
ditors.  The  Sorbonne  attempted  in  vaui  to  drive  him 
from  that  college;  for  he  held  the  headlhip  of  that 
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liORfe  by  arret  of  parliament.  Tlirougb  tlie  patronage 
and  protedlion  of  the  cardinal  of  Lcyrrain,  be  obtained 
from  Henry  the  2d,  in  i$47>  the  liberty  of  Ipeaking 
and  writing,  and  the  regal  profefiorfnip  of  philofophy 
and  eloquence  in  The  parliament  of  Paris  had, 

before  this,  maintained  him  in  the  liberty  of  joining 
phdolophical  leftiires  to  tliofe  of  eloquence  ; and  this 
arret  or  decree  had  put  an  end  to  feveral  profecutions, 
which  Ramus  and  his  pupils  had  fuffered.  As  foon  as 
he  was  made  regius  profeiTor,  he  was  fired  with  a netv 
71  nl  for  nnprovirtg  the  fciences,  notwithflandmg  the 
haired  of  his  enemies,  who  v;ere  never  at  reft. 

Ramus  bore  at  that  time  a part  in  a very  fingular 
affair.  About  the  year  175^’  profeffbrs  cor- 

redled  among  other  abiifes,  tl'at  which  had  crept  into 
the  pronunciation  of  the  Latin  tongue.  Some  of  the 
clergy  followed  this  regulation  ; but  the  Sorbonnifts 
were  much  offended  at  it  as  an  innovation,  and  defend- 
ed the  old  pronunciation  with  great  7eal.  Things  at 
length  were  carried  fo  far,  that  a miniiler,  who  had  z 
good  living,  was  very  ill  treated  by  them  ; and  caufed 
to  be  ejected  from  his  benefice  for  having  pronounced 
qv'ifqtfiS-i  qvanqtmirty  according  to  the  new  inftead 

of  yi/J:ts,  hanlium^  according  to  the  old.  The  minifter 
applied  to  the  parliament  ; and  the  royal  profeiTors, 
with  Ramus  among  them,  fearing  he  •would  fall  a 
victim  to  the  credit  and  authority  of  the  faculty  of 
divines,  for  prefuming  to  pronounce  the  Latin  tongue 
according  to  their  regulations,  thought  it  incumbent 
on  them  to  affift  him.  Accordingly,  they  went  to  the 
court  of  juft  ice,  and  reprefented  in  fiicb  ftrong  terms 
the  indignity  of  the  profecution,  that  the  minifter  ivas 
cleared,  and  every  perfon  had  the  liberty  of  pronoun  • 
cuior  jis  he  pleafed. 

Ramus  was  bred  up  in  the  Catholic  religion,  but 
after-w^ards  deferted  it.  • Lie  began  to  difeover  his  new 
principles  by  removing  the  images  from  the  chapel 
of  his  college  of  Prelle,  in  1552.  Hereupon  fuch  a 
perfecution  was  raifed  againft  him'by  the  Religionifts, 
as  well  as  Ariflotelians,  that  be  was  driven  out  of  his 
profeffbrfhip,  and  obliged  to  conceal  hirnfelf.  For  that 
piirpofe,  with  the  king’s  leave  he  went  to  Fontain- 
bleau  ; where,  by  the  help  of  books  In  the  king’s 
library,  he  profeciited  geometrical  and  aftronomical  ftii- 
dies.  As  foon  as  his  enemies  found  out  his  retreat,  they 
renewed  their  perfecutions  ; and  he  w^as  forced  to  con- 
ceal hirnfelf  in  feveral  other  places.  In  the  mean  time, 
bis  curious  and  excellent  cqikAion  of  books  in  tlie 
college  of  Preile  was  plundered  : but  after  a peace  was 
concluded  ill  1563,  between  Charles  the  gth  and  the 
Proteftants,  he  again  took  pofttffton  of  his  employ- 
ment, maintained  hirnfelf  in  it  with  vigour,  and  was 
particularly  zealous  in  promoting  the  fludy  of  the  ma- 
thematics. 

This  continued  till  the  fccond  civil  war  in  1767, 
when  he  was  forced  to  leave  Paris,  and  fhelter  hirnfelf 
among  the  Hugonots,  in  whofe  army  he  was  at  the 
battle  of  St.  Denys.  Peace  having  been  concluded 
forae  months  after,  he  was  rt'ft.cred  to  his  profefTorfhip  ; 
but,  forefeeing  that  the  war  would  foon  break  out 
again,  he  did  not  care  to  venture  hirnfelf  in  a frelh 
itorm,  and  therefore  obtained  the  king’s  leave  to  viftt 
the  univerfities  of  Germany.  He  accordingly  under- 
took this  journey  in  1568,  and  received  great  honours 


wherever  he  came.  He  returned  to  France,  after  the  ! 

third  -v^’ar  in  1571  ; and  loft  his  life  miferably,  in  the 
maffacie  of  St.  Bartholomew’s  day,  1572,  at  57  years 
of  age.  It  Is  laid,  that  he  was  concealed  in  a granary 
during  the  tumult;  but  difeovered  and  dragged  out  by 
lome  peripatetic  doctors  who  hated  him  ;^ih.efe,  after 
{tripping  him  of  alibis  money  under  preteFce  of  pre- 
ferving  his  life,  gave  him  up  to  the  afiaffins,  wFo, 
after  cutting  his  throat  and  giving  him  many  wounds,,  , 
threw  him  out  of  the  window;  and  his  boiveis  gufh- 
ing  out  in  the  fall,  fome  Ariftoteliaii  fcholars,  encou- 
raged by  their  mafters,  fpread  them  about  the  ftreets ; t 
then  dragged  his  body  in  a moft  ignominious  manner,  [ 
and  threw  it  into  the  river.  ^ | 

Ramus  was  a great  orator,  a man  of  univerfal  learn- 
ing, and  endowed  with  very  fine  qualities.  He  "w^as  1 
fober,  temperate,  and  ebafte.  He  ate  but  little,  and  ‘ 
that  of  boiled  meat  ; and  drank  no  wine  till  the  latter  , 
part  of  his  life,  v\'hen  it  was  preicribed  by  the  phyfi- 
cians.  He  lay  upon  ftraw  ; role  early,  andfti.died  hard  ' 
all  day;  and  led  a finglc  life  wdth  the  utmoft  purity. 

He  was  zealous  for  the  proteftant  religion,  but  at  the  : 
fame  time  a little  obftiuatc,  and  given  to  conttadiefion.  i. 
The  proteftant  minifters  did  not  love  him  much,  for  he  : 
made  hirnfelf  a kind  of  head  of  a party,  to  change  : 
the  difcipline  of  the  proteftant  churches  : his  defign 
was  to  introduce  a democratical  government  in  the 
church,  but  this  defign  was  traverfed,  and  defeated  in 
a national  fynod.  His  fe£l  flourillied  however  for  f 
fome  time  afterwards,  fpreading  pretty  much  In  Scot-  > 
land  and  England,  and  ftill  more  in  Germany. 

^ He  publiftied  a great  many  books  ; but  mathematics  i 
was  chiefty  obliged  to  him.  Of  this  kind,  his  writings  [ 
were  princip-ally  thefe  following  : 

1.  Scholarvm  Mathewaticarinn  I'lhri  \ 

2.  Arithmetics  lihri  duo. — Algehrs  lihri  duo, — Gcome*  '• 
iris  lihri  27, 

Thefe  were  greatly  enlarged  and  explained  by  Sclm- 
ner,  and  publiflied  in  2 volumes  qto.  There  were  feve- 
ral editions  of  them  ; m.ine  is  that  of  1627,  at  hrank-  : 
fort. — The  Geometry,  which  is  chiefly  pradlical,  was  t 
tranflated  into  Engllfit  by  William  Bedwell,  and  publiih-  '■ 
ed  in  4to,  at  London,  1636. 

RANDOM-Shot,  is  a fbot  difeharged  with  the  ' 
axis  of  the  gun  elevated  above  the  horizontal  or  i 
point-blank  diredlion. 

Random,  of  a fliot,  alfo  fometimes  means  the  range  i 
of  it,  or  the  diftance  to  which  it  goes  at  the  firft  graze,  1 
or  where  it  ftrikes  the  ground.  See  Range. 

RANGE,  In  Gunnery,  fometimes  means  the  path  1| 
a ffiot  flies  in.  Bat  more  ufually, 

Range  now  means  the  diftance  to  which  the  fhot  1 
flies  when  it  ftrikes  the  ground  or  other  object,  called  j 
alfo  the  amplitude  of  the  fliot.  But  Range  is  the  1 
term  in  prefent  ufe. 

Were  it  not  for  the  refiftance  of  the  air,  the  great- 
eft  Range,  on  a horizontal  plane,  would  be  when  the  1 
flrot  is  difeharged  at  an  angle  of  45°  above  the  hori- 
zon ; and  all  other  Ranges  would  be  the  lefs,  the  more  ! 
the  angle  of  elevation  is  above  or  below  45®  ; but  lo 
as  that  at  equal  diftances  above  and  below  45°,  the  two 
Ranges  are  equal  to  each  other.  But,  on  account  of 
the  reftflance  of  the  air,  the  Ranges  are  altered,  and 
that  in  different  proportions,  both  for  the  different 

fixes 
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lizes  of  the  fhot,  and  their  different  velocities : fo  that 
the  greateil  Range,  in  practice,  always,  lies  below  the 
elevation  of  45°,  and  the  more  below  it  as  the  fliot  is 
fmaller,  and  as  its  velocity  is  greater ; fo  as  that  the 
fmalleil  balls,  difeharged  with  the  greateft  velocity  in 
pradice,  ranges  the  fartheft  with  an  elevation  of  30*^ 
or  under,  while  the  largeft  fhot,  with  very  fmall  velo- 
cities, range  fartheft  with  nearly  45°  elevation  ; and 
at  all  the  intermediate  degrees  in  the  other  cafes.  See 
Projectiles. 

RARE,  in  Phyfics,  is  the  quality  of  a body  that 
is  very  porous,  whofe  parts  are  at  a great  diftance  from 
one  another,  and  which  contains  but  little  matter  under 
a great  magnitude.  In  which  fenfe  Rare  ftands  oppofed 
to  denfe. 

The  corpiifcular  philofophers,  viz,  the  Epicureans, 
Gaffendifts,  Newtonians,  &c,  affert  that  bodies  are 
rarer,  fome  than  others,  In  virtue  of  a greater  quantity 
of  pores,  or  of  vacuity  lying  between  their  parts  or 
particles.  The  Cartehans  hold,  that  a greater  rarity 
only  confifts  in  a greater  quantity  of  materia  fubtilis 
contained  in  the  pores.  And  laftly,  the  Peripatetics 
contend,  that  rarity  is  a new  quality  fuperinduced 
upon  a body,  without  any  dependence  on  either  vacu- 
ity or  fubtile  matter. 

RAREFACTION,  in  Phyfics,  the  rendering  a 
body  rarer,  that  is  bringing  it  to  expand  or  occupy  more 
room  or  fpace,  without  the  acceffion  of  new  matter  ; 
ana  it  is  oppofed  to  condenfation,  Tl’he  more  accurate 
writers  reltrldl  the  term  Rarefadion  to  that  kind  of 
expanlion  which  is  effected  by  means  of  heat : and  the 
expanfion  from  other  caufes  they  term  dtlatatiori  ; if  in- 
deed there  be  other  caufes  ; for  though  fome  philo- 
fophers have  attributed  it  to  the  action  of  a repulfive 
principle  In  the  matter  itfelf  ,•  yet  from  the  many  dlfco- 
veries  concerning  the  nature  and  properties  of  the  elec- 
tric fluid  and  fire,  there  is  great  reafon  to  believe  that 
this  repulfive  principle  is  no  other  than  elementary  fire. 

1 he  Cartefians  deny  any  fuch  thing  as  abfolute  Rare- 
fadion  ; extenfion,  according  to  them,  conllituting 
the  effence  of  matter,  they  are  obliged  to  hold  all  ex- 
tenfion equally  full.  Hence  they  make  Rarefaction  to 
be  no  other  than  an  acceffion  of  frefh,  fubtile,  and  In- 
fenfiole  matter,  which,  entering  the  parts  of  bodies, 
fenfibly  diftends  them. 

It  is  by  Rarefadlon  that  gunpowder  has  Its  effed  ; 
and  to  the  fame  principle  alfo  we  owe  eohpiles,  thermo- 
meters, &c.  As  to  the  air,  the  degree  to  which  it  is 
rarefiable  exceeds  all  imagination,  experience  having 
Ihewn  it  to  be  far  above  10,000  times  more  than  the 
ulual  Rate  of  the  atraofphere;  and  as  it  is  found 
to  be  about  1000  times  denfer  In  gunpowder  than  the 
atmofphere,  it  follows  that  experience  has  found  it 
differ  by  about  10  millions  of  times.  Perhaps  Indeed 
its  degree  of  expanfion  is  abfolutely  beyond  all  limits. 

Such  immenfe  Rarefadion,  Newton  obferves,  is  in- 
conceivable on  any  other  principle  than  that  of  a 
repelling  force  inherent  in  the  air,  by  which  its  par- 
ticles mutually  fljr  from  one  another.  This  repelling 
force,  he  obferves,  is  much  more  confiderable  in  air 
than  in  other  bodies,  as  being  generated  from  the  moll 
fixed  bodies,  and  that  with  much  difficulty,  and  fcarce 
without  fermentation  ; thofe  particles  being  always 
VoL.  II.  ' 


found  to  fly  from  each  other  with  the  greateft  force, 
which,  when  in  contad,  cohere  the  moft  firmly  toge- 
ther. See  Air, 

Upon  the  Rarefadion  of  the  air  is  founded  the  ufefiil 
method  of  meafuring  altitudes  by  the  barometer,  in  all 
the  cafes  of  which,  the  rarity  of  the  air  is  found  to  be 
inverfely  as  the  force  that  compreffes  it,  or  inverfely  as 
the  weight  of  all  the  air  above  It  at  any  place. 

RARITY,  thinnefs,  fubtlety,  or  the  contrary  to 
denfitv. 

RAVCH,  or  Ra.sh,  in  Qock-Work,  a fort  of 
wheel  having  12  fangs,  which  ferve  to  lift  up  the 
detents  every  hour,  to  make  the  clock  ftrlke, 

RATCHETS,  in  a Watch,  are  the  fmall  teeth  at 
the  bottom  of  the  fufee,  or  barrel,  that  ftop  it  in  wind- 
ing up. 

RATIO,  according  to  Euclid,  is  the  habitude  or 
relation  of  two  magnitudes  ot  the  fame  kind  in  refped 
of  quantity.  vSo  the  ratio  of  2 to  i is  double,  that  of 
3 to  I triple,  &c.  Several  mathematicians  have  found 
fault  with  Euclid’s  definition  of  a Ratio,  and  others 
have  as  much  defended  it,  efpecially  Df.  Barrow,  in 
his  Mathematical  Ledures,  with  great  ileill  and  leani- 

Ratio  is  fometimes  confounded  with  proportion, 
but  very  improperly,  as  being  quite  different  things  ; 
for  proportion  is  the  fimilitude  or  equality  or  identity 
of  two  Ratios.  So  the  Ratio  of  6 to  2 is  the  fame  as 
that  of  3 to  r,  and  the  Ratio  of  15  to  ^ is  that  of  3 
to  I alfo  ; and  therefore  the  Ratio  of  6 to  2 is  fimilar 
or  equal  or  the  fame  with  that  of  i 3 to  5,  'which  con- 
ftitutes  proportion,  which  Is  thus  exprelfed,  6 is  to  2 
as  15  to  3,  or  thus  6:2  : ; 15:5,  which  means 
the  fame  thing.  bo  that  Ratio  exiils  between  two 
terms,  but  proportion  between  two  Ratios  or  four 
terms. 

The  two  quantities  that  arc  compared,  are  called 
the  terms  of  the  Ratio,  as  6 and  2 ; the  firft  of  thefe 
6 being  called  the  antecedent^  and  the  latter  2 the  cenfe- 
qnent.  Alio  the  index  or  exponent  of  the  Ratio,  is  the 
quotient  of  the  two  terms  ; fo  the  index  of  the  Ratio 

r f .6 

or  o to  2 IS  or  3,  and  which  is  therefore  called  a 

2 

triple  Ratio. 

Wollius  diftinguiihes  Ratios  into  rational  and  irra- 
tional. 

Rational  Ratio  is  that  which  can  be  expreffed  be- 
tween two  rational  numbers  \ as  the  Ratio  of  6 to  2, 
or  of  6v'3  to  2v^3>  i.  And 

Irrational  Ratio  is  that  whicli  cannot  be  expreffed 
by  that  of  one  rational  number  to  another  ; as  the 
Ratio  of  ^/6  to  or  of  ^73  to  root  y/ / , that  is 
v/3  to  I,  which  cannot  be  exprefi'ed  in  rational 
numbers. 

When  the  two  terms  of  a Ratio‘are  equal,  the  Ratio  fs 
faid  to  be  that  of  equality  ; as  of  3 to  3,  whofe  Index  is 
I,  denoting  the  fingle  or  equal  Ratio.  But  when  the 
terms  are  not  equal,  as  of  6 to  2,  it  Is  a Ratio  of  ine- 
quality . 

Farther,  when  the  antecedent  is  the  greater  term,  ' 
as  in  6 to  2,  it  IS  faid  to  be  the  Ratio  of  greater  In- 
equality : but  when  the  antecedent  is  the  lefs  term,  as 
in  the  Ratio  of  2 to  6,  it  is  faid  to  be  the  Ratio  of 
U kfs 
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“ Iffs  wequaltty.  In  the  former  cafe,  if  the  lefs  term  be 
an  aliquot  part  of  the  greater,  the  Ratio  of  greater  in* 
equality  is  faid  to  be  multiplex  or  multiple;  and  the 
Ratio  of  the  lefs  mQ(\u'A\\lj,  fub~multipk,  Particularly, 
in  the  firfl  cafe,  if  the  exponent  of  the  Ratio  be  2,  as 
in  6 to  3,  the  Ratio  is  called  duple  or  double  ; if  3,  as 
in  6 to  2,  it  is  triple  ; fo  on.  In^  the  fecopd  cafe, 
if  the  Ratio  be  as  in  3 to  6,  the  Ratio  is  called  fub- 
duple  ; if  -J-,  as  in  2 to  6,  it  is  fuhtrlple  ; and  fo  on. 

If  the  greater  term  contain  the  lefs  once,  and  one 
aliquot  part  of  the  fame  over  ; the  Ratio  of  the  greater 
T*nequality  is  called  fiiper particular^  and  the  Ratio  of  the 
lefs  fuhfuperpartlcular.  Particularly,  in  the  lirft  cafe,  if 
the  exponent  be  | or  l it  is  fefqulalterate ; if  | or 

l|,  fefqultertial ; &c.  In  the  other  cafe,  if  the  ex- 
ponent be  the  Ratio  is  called  fuhjefquialterate ; if 
it  is  fuhjtjqultertlah 

W hen  the  greater  term  contains  the  lefs  once  and 
feveral  aliquot  parts  over,  the  Ratio  of  the  greater  in- 
equality is  called  fuperpartlenSf  and  that  of  the  lels  in- 
equality is  Jubjuperpartlens,  Particularly,  in  the  former 
cafe,  if  the  exponent  be  | or  1 the  Ratio  is  called 
'^uperbipartlens  tertias  ; if  the  exponent  be  ^ or  i %^fuper- 
trlpartiens  quartos  ; if  or  I fuperquadripartiens 
Jeptlmas  ; &c.  In  the  latter  cafe,  if  the  exponent  be 
the  reciprocals  of  the  former,  or  the  Ratio  is  called 
Jiihfiiperhlpartlens  tertias  ; if  f , fuhfupertripartlens  quar- 
tas  ; if  fiibfuperquadrlpartiens  Jeptlmas  ; &c. 

When  the  greater  term  contains  the  lefs  feveral  times, 
and  fome  one  part  over;  the  ratio  of  the  greater  inequa- 
iityis  called  multiplex fuperparticular  \ and  the  Ratio  of  the 
lefs  inequality  is  called  fubrhulllplex  fubjuper particular. 
Particularly,  in  the  former  cafe,  if  the  exponent  be 
I or  2 1,  the  ratio  is  called  dupla  fefquialtera',  if  V 
3^,  trlpla  fefquiquarta^  8ic.  in  the  latter  cafe,  if  the 
exponent  be  the  Ratio  is  called  fubdupla  fulfefquial- 
tera\  if  -"^3,  fubtrlpla  JubfcJqulquarta,  &c.  Ijaftly,  when 
the  greater  term  contains  the  lefs  feveral  times,  and  fe- 
veral aliquot  parts  over;  the  Ratio  of  the  greater  ine- 
quality is  called  multiplex  fuperpartlens  ; that  of  the  lefs 
m^c[\X2iY\t'q , fubmultlplex  JuhJupcrpartiens,  Particularly,  in 
the  former  cafe,  if  the  exponent  be  | or  2 I,  the  Ratio  is 
called  dupla  fuperbipartiens  tertias \ if  ^ or  3^,  trlpla 
f uperh- quadripartiens fepilmas^  8cc.  In  the  latter  cafe, 
sf  the  exponent  be  the  Ratio  is  called  fubdupla  fub~ 
fuperbipartiens  tertias \ , fubtrlpla  JubJupirquadripar- 

tlens  feptimas',  See. 

Thefe  are  the  various  denominations  of  rational  Ra- 
tios, names  which  are  very  necefiary  to  the  reading  of 
the  ancient  authors;  though  they  occur  but  rarely 
among  the  modern  writers,  who  ufe  initead  of  them  the 
fmalleil  numeral  terms  of  the  Ratios;  fuch  2 to  i for 
duple,  and  3 to  2 for  fefquialterate,  &c. 

Compound  Ratio,  is  that  which  is  made  up  of 
two  or  more  other  Ratios,  viz,  by  multiplying  the  ex- 
ponents together,  and  fo  producing  the  compound  Ra- 
tio of  the  product  of  all  the  antecedents  to  the  pro- 
du6f  of  ail  the  confequents. 

Thus  the  compound  Ratio  of  3 to  3, 

and  7 to  4, 

Is  the  Ratio  of  - - - - 35  to  12. 

Particularly,  If  a Ratio  be  compounded  of  two  equal 
Ratios,  it  is  called  the  duplicate  Ratio  if  of  three  equal 
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Ratios,  the  triplicate  Ratio ; if  of  four  equal  Ratios,  the.  s; 
quadruplicate  Ratio  ; and  fo  on,  according  to  the  powers 
of  the  exponents,  for  all  multiplicate  Ratios,  So  the  ie-  j - 
veral  multiplicate  Ratios  of 

the  fimple  Ratio  of  - 3 to  2,  are  thus,  viz.  | 
the  duplicate  Ratio  -9:4,  ' i; 

the  triplicate  Ratio  - 27  : 8, 
the  quadruplicate  Ratio  81  : 16,  Sec. 

Properties  Ratios.  Some  of  the  more  remarkable  h 

properties  of  Ratios  are  as  follow : ' | 

1.  The  like  multiples,  or  the  like  parts,  of  the  terms, 
of  a Ratio,  have  the  fame  Ratio  as  the  terms  themfelves,. 

a h 

So  <2  ; and  na  ; nh^  and — : ■ — areall  the  fame  Ratio. 

n n 

2.  If  to,  or  from,  the  terms  of  any  Ratio,  be  added  or 
fubtradled  either  their  like  parts,  or  their  like  multiples,, 
the  fums  or  remainders  will  ftill  have  the  fame  Ratio. 

a b 

a i bf  and  a dt.  na  b tdiL  nb,  and  a dz  b dz  ~ are 

n n 

all  the  fame  Ratio. 

3.  When  there  are  feveral  quantities  in  the  fame- 

continued  Ratio,  b,  c,  J,  r,  &c.  whatever  Ratio  the 
firft  has  to  the  zd,  ■ 

the  ift  to  the  3d  has  the  duplicate  of  that  Ratio, 
the  id:  to  the  4th  has  the  triplicate  of  that  Ratio^, 
the  id  to  the  5th  has  the  quadruplicate  of  it, 
and  fo  on.  Thus,  the  terms  of  the  continued  Ratio  be* 
iiig  I,  r,  r*,  r^,  &c,  where  each  term  has  to  the- 

following  one  the  Ratio  of  i to  r,  the  Ratio  of  the  id  to 
the  2d ; then  i : r®  is  the  duplicate,  i : r^  the  triplicate, 

I : the  quadruplicate,  and  fo  on,  according^  to  tho- 
powers  of  i : r. 

For  other  properties  fee  Proportion.  i 

Ro  approximate  to  a Ratio  in  fmaller  Terms, — Dfi.. 
Wallis,  in  a fmall  tra£l:  at  the  end  of  Horrox^s  works, 
treats  of  the  nature  and  folution  of  this  problem,  but 
in  a very  tedious  way  ; and  he  has  profecuted  the  fame 
to  a great  length  in  his  Algebra,  chap.  10  and  1 1,  where 
he  particularly  applies  it  to  the  Ratio  of  the  diameter= 
cf  a circle  to  its  circumference.,  Mr.  Huygens  too  haj 
given  a folution,  with  the  reafons  of  it,  in  a much 
diorter  and  more  natural  way,  in  his  Deferip.  Autom...  I 
Planet.  Opera  Reliqua,  vol  i , pa.  174. 

So  alfo  has  Mr.  Cotes,  at  the  beginning  of  his  Har* 
mon.  Menfurarum.  And  feveral  other  perfons  have 
done  the  fame  thing,  by  the  fame  or  fimilar  methods* 
The  problem  Is  very  ufeful,  for  expreffing  a Ratio  in 
fmalLnumbers,  that  diall  be  near  enough  in  practice,  to 
any  given  Ratio  in  large  numbers,  fuch*as  that  of  the  * 
diameter  of  a circle  to  its  circumference.  The  princi-  * 
pie  of  all  thefe  methods, , confids  in  reducing  the  terms  I 

of  the  propofed  Ratio  into  a feries  of  what  are  called  l 

continued  fraSIions,  by  dividing  the  greater  term  by  the  1 
lefs,  and  the  lefs  by  the  remainder,  and  fo  on,  always  I 
the  lad  diviior  by  the  lad  remainder,  after  the  manner  ■ 
of  finding  the  greated  common  meafure  of  the  two  \ 
terms  ; then  connecting  all  the^quotients  Sec.  together 
in  a feries  of  continued  fraCtions;  and  lallly  collecting; 
gradually  theie  fraCtlons  together  one  after  another^  [ 

So  if  — be  any  fraCtion,  or  exponent  of  any  Ratio  p.  [ 

ft  j 

then  dividing  thus,  i 

ajbfc  I 


1 


RAT 


RAT 


[ 

n)  h {s 

d)  a [c 

~7) is 

k)_h_il 

&c, 

gives  Ci  e<t  gy  t,  Szc,  for  the  feveral  quotients,  and  thefe, 
formed  in  the  ufual  way,  give  the  approximate  value 
of  the  given  Ratio  In  a feties  of  continued  fradlions ; 
thus, 

l>  I 

: ^ -i + I 

/>  * — 1 
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C/  -h  A 


a 


^ + J + $zc. 


Then*colle(5lIng  the  terms  of  this  feries,  one  after  an- 


other, fo  many  values  of  — are  obtained,  always  near- 


er and  nearer  ; the  firft  value  being  ^ or  — , 

y o j 


the  next 


I c e \ 

c -f = 

e e 


A 


I , I 

the  ^td  value  r H . t = c 

g 


— r + 


a 


1 

C / + A _ 
D;  + JB  “ 
E/  + C 


+ I 


c g e -{■  c g fce-^  i)  ^ -j-  ^ A g -f  ^ 

■ + I 

in  like  manner, 

the  4th  value  is 

^ T ^ X 

, , , . E/  + C G ^ 

the  5th  value  is  r-  zz  — ; &c. 


E 

F ’ 

G 

H ■’ 


F / -i-  -U 

From  whence  comes  this  general  rule  : Having  found 
any  two  of  thefe  values,  multiply  the  terms  of  the  latter 
of  them  by  the  next  quotient,  and  to  the  two  produds 
add  the  correfpondlng  terms  of  tlie  former  value,  and 
the  fums  will  be  the  terms  of  the  next  value,  See. 

For  example,  let  it  be  required  to  find  a feries  of 
Ratios  in  leffer  numbers,  conftantly  approaching  to  the 
Ratio  of  100000  to  3141 59,  or  nearly  the  Ratio  of  the 
diameter  of  a circle  to  Its  circumference.  Here  full 
dividing,  thus, 

1 00000  ) 3141  59  ( 3=:c 

141  39  ) 100000  (7=:  e 

/ = 887)24^(15=^ 

h = 854  ) 887  ( I 5:c. 

See. 

there  are  obtained  the  quotients  3,  7,  15,  i,  25,  i,  7,  4. 


3_  _ 

1 

+ I 3-7  + 1 22 


Hence  a or  — zz  c,  the  ifi  value  ; 
^ 1 


A 


e 1.7  7 B 

Ag  -b  g __  22.T7  + 8 _ 333  „ C. 

F I ~ 7 . i 5 + i 1 06 


, the  2d  value  ; 

, the  5d  value  ; 


333-L±_i£  - 


ill 


E 


jr » the  4th  value; 


D/  F B ic6. 1 F 7 

and  fo  on ; where  the  fucceffive  continual  approximating 
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values  of  the  propofed  Ratio  are  -A,  — , •: — - , — , 
^ * i 7 106  113 


2 2 « 

&c;the  2d  of  thefe,  viz.-—,  being  the  approximation  of 
Archimedes;  and  the  4th,  viz  —be,  is  that  of  Me* 

133. 

tins,  which  is  very  near  the  truth,  being  equal 

to  3*141 5929, 

tbe  more  accurate  Ratio  being  --  3-i4i5'927. 

The  doctrine  of  Ratios  and  Proportions , as  delivered  b}'- 
Euclid,  in  the  fifth  bool^of  his  Elements,  is  confidered 
by  moll  perfons  as  very  obfeure  and  objedlionable,  par- 
ticularly the  definition  of  proportionality;  and  feveral 
ingenious  gentlemen  have  endeavoured  to  elucidate  that 
fubjedl.  Among  thefe,  the  Rev.  Mr.  Abram  Robert- 
fon,  of  Chrifl  Church  College,  Oxford,  leAurer  in 
geometry  in  that  unrverfity,  printed  a neat  little  paper 
there  in  1789,  for  the  ufe  of  his  claffes,  being  a demon* 
Fration  of  tliat  definition,  in  7 propofitions,  the  fub* 
fiance  of  which  Is  as  follows.  He  firll  premifes  this 
advertifement  : 

“ As  demonftratlons  depending  upon  proportionality 
pervade  every  branch  of  mathematical  fcience,  it  is  a 
matter  of  the  highelt  importance  toeilablifli  it  upon  clear 
and  indifputablc  principles.  Moft  mathematicians,  both 
ancient  and  modern,  have  been  of  opinion  that  Euclid 
has  fallen  fliort  of  his  ufual  perfpicuity  in  this  particular. 
Some  have  queftioned  the  truth  of  the  definition  upon 
which  he  has  founded  it,  and,  almoft  all  who  have  ad* 
mitted  its  truth  and  validity  have  objetled  to  it  as  a de- 
finition. The  author  of  the  following  propofitions  ranks 
himfelf  amongll  objetlors  of  the  lall  mentioned  de- 
feription.  He  thinks  that  Euclid  mull  have  founded 
the  definition  in  quedionupou  the  reafoning  contained 
In  the  firll  fix  demonllrations  here  given,  or  upon  a. 
finiilar  train  of  thinking;  and  In  his  opinion  a defnition 
ought  to  be  as  fimplc,  or  as  free  from  a multiplicity  of 
conditions,  as  the  iubjeCl  will  admit.” 

He  then  lays  down  thefe  four  definitions  : 

“ I.  Ratio  Is  the  relation  which  one  magnitude  has 
to  another,  of  the  fame  kind,  with  refpedt  to  quantity.” 

“ 2,  If  the  firll  of  four  magnitudes  be  exadlly  as  great 
when  compared  to  the  fecond,  as  the  third  is  when 
compared  to  the  fourth,  the  lirll  Is  faid  to  have  to 
the  fecond  the  fame  Ratio  that  the  third  has  to  the 
fourth.^’ 

“3.  If  the  firll  of  four  magnitudes  he  greater,  when 
compared  to  the  fecond,  than  the  third  is  when  com- 
pared to  the  fourth,  the  firll  Is  faid  to  have  to  the  fecond 
a greater  Ratio  than  the  third  has  to  the  fourth.” 

“ 4.  If  the  firft  of  four  magnitudes  be  lefs,  when 
compared  to  the  fecond,  than  the  third  Is  when  com- 
pared to  the  fourth,  the  fu  ll  Is  faid  to  have  to  the  fecond 
a lefs  Ratio  than  the  third  has  to  the  fourth.” 

Mr,  Roberti'ou  then  delivers  the  propofitions,  which 
are  the  following  : 

“ Prop.  1.  11  the  firll  of  four  magnitudes  have  to  the 
fecond,  the  fame  Ratio  which  the  third  has  to  the  fourth ; 
U u 2 then, 
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tlien,  IF  the  firfl  be  equal  to  tlie  fecond,  the  third  Is  equal 
to  the  fourth  ; if  greater,  greater  ; if  lefs,  lefs.’* 

“ Prop.  2.  If  the  firft  of  four  magnitudes  be  to  the 
fecond  as  the  third  to  the  fourth,  and  If  any  equimulti- 
ples whatever  of  the  firfl  and  third  be  taken,  and  alfo 
any  equimultiples  of  the  fecond  and  fourth  ; the  multi- 
ple of  the  firfl  will  be  to  the  multiple  of  the  fecond  as 
the  multiple  of  the  third  to  the  multiple  of  the  fourth.*’ 

“ Prop.  3.  If  the  firfl  of  four  magnitudes  be  to  the 
fecond  as  the  third  to  tire  fourth,  and  if  any  like  aliquot 
parts  whatever  be  taken  of  the  firfl  and  third,  and  any 
like  aliquot  parts  whatever  of  the  fecond  and  fourth,  the 
part  of  the  firfl  will  be  to  the  part  of  the  fecond  as  the 
part  of  the  third  to  the  part  of  the  fourth.” 

“ Prop.  4.  If  the  firfl  of  four  magnitudes  be  to  the 
fecond  as  the  third  to  the  fourth,  and  if  any  equimulti- 
ples whatever  be  taken  of  the  firfl  and  third,  and  any 
whatever  of  the  fecond  and  fourth  ; if  the  multiple  of 
the  firfl  be  equal  to  the  multiple  of  the  fecoud,  the 
multiple  of  the  third  will  be  equal  to  the  multiple  of  the 
fourth  ; if  greater,  greater  ; if  lefs,  lefs,” 

“ Prop.  5.  If  the  firfl  of  four  magnitudes  be  to  the 
fecond  as  the  third  is  to  a magnitude  lets  than  the  fourth, 
then  it  is  poffible  to  take  certain  equimultiples  of  the 
iirfl  and  third,  and  certain  equimultiples  of  the  fecond 
and  fourth,  fuch,  that  the  multipk  of  the  firfl  fliall  be 
greater  than  the  multiple  of  the  fecond,  but  the  multiple 
of  the  third  not  greater  than  the  multiple  of  the  fourth,” 
“ Prop.  6.  If  the  firll  of  four  magnitudes  be  to  the  fe- 
cond as  the  thirdistoa  magnitude  greater  than  the  fourth, 
then  certain  equimultiples  can  be  taken  of  the  find  and 
third,  and  certain  equimultiples  of  tlie  fecond  and  fourth, 
inch,  that  the  multiple  of  the  firft  fhali  be  lefs  than  the 
'multiple  of  the  fecond,  but  the  multiple  of  the  third  not 
lefs  than  the  multiple  of  the  fourth.” 

Prop.  7.  If  any  equimultiples  whatever  be  taken 
of  the  firfl  and  third  of  four  magnitudes,  and  any  equi- 
multiples whatever  of  the  fecond  and  fourth  ; and  if 
when  the  multiple  of  the  firfl  is  lefs  than  that  of  the. 
fecond,  the  multiple  of  the  third  is  alfo  lefs  than  that  of 
the  fourth  ; or  If  when  the  multiple  of  the  firfl  is  equal 
to  that  of  the  fecond,  the  multiple  of  the  third  is  alfo 
equal  to  that  of  the  fouryr  ; or  if  when  the  multiple  of 
the  firfl  is  greater  than  that  of  the  fecond,  the  multiple 
of  the  third  is  alfo  greater  than  that  of  the  fourth : then, 
the  firfl  of  the  four  magnitudes  fliall  be  to  the  fecond  as 
the  third  to  the  fourth.” 

And  all  thefe  propofitions  Mr.  Robertfon  demon- 
flrates  by  flridl  mathematical  reafoning. 

RATIONAL,  in  Arithmetic  &c,  ihe  quality  of 
numbers,  fradlions,  quantities,  &c,  when  they  can  be 
expreffed  by  common  numbers  ; in  contradiflindlion  to 
irrational  or  furd  ones,  which  cannot  be  expreffed  in 
common  numbers.  Suppofe  any  quantity  to  be  i ; 
there  are  Infinite  other  quantities,  fome  of  wdiich  are 
commenfurable  to  it,  either  limply,  or  in  powder ; thefe 
Euclid  calls  Rational  quantities.  The  refl,  that  are 
incommenfurable  to  i,  he  calls  irrational  quantities ^ or 
funds. 

Rational  Horizon.^  or  Prue  Horizon is  that  wdiofe 
plane  is.  conceived  to  pafs  through  the  centre  of  the 
earth  ; and  which  therefore  divides  the  globe  into  two 
equal  portions  or  diemifpheres.  It  is  called  the  Rational 
horizon,  becaufe  only  conceived  by  the  underilanding ; 
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in  oppofition  to  the  fenfible  or  apparent  horizon,  01  that 
which  is  vlfible  to  the  eye. 

RAVELIN,  in  Fortification,  was  anciently  a flat 
baflion,  placed  in  the  middle  of  •curtain.  But 

Ravelin  is  now  a detached  v/ork,  compofed  only 
of  two  faces,  which  form  a falient  angle  ufually  with- 
out flanks.  Being  a triangular  work  rcfembling  the 
point  of  a Ballion  with  the  flanks  cut  off.  It  raifed 
before  the  curtain,  on  the  coiinterfcarf  of  the  place  j 
and  fervingto  cover  it  and  the  adjacent  flanks  frofh  the 
diredt  fire  of  an  enemy.  It  is  alfo  ufed  to  cover  a bridge 
or  a gate,  and  is  always  placed  without  the  moat. 

There  are  alfo  double  Ravelins,  W'hich  ferve  to  de- 
fend each  other;  being  fo  called  when  they  are  joined 
by  a curtain. 

What  the  engineers  call  a Ravelin,  the  men  ufually 
call  a demilune,  or  halfmoon. 

RAY,  in  Geometiy,  the  fame  as  Radius. 

Ray,  in  Optics,  a beam  or  line  of  light,  propagated- 
from  aradian.t  point,  through  any  medium. 

If  the  parts  of  a Ray  of  light  lie  all  in  a flraight  line' 
betw^een  the  radiant  point  and'the  eye,  the  Ray  is  faid' 
to  be  dired  : the  laws  and  properties  of  wdiich  make  the 
fubjedl  of  Optics. — If  any  of  them  be  turned  out  of  that 
diredlion,  or  bent  in  their  paffage,  the  Ray^  is  faid  to^- 
be  refraPed. — If  it  flrike  on  the  furface  of  any  bodyq. 
and  be  thrown  off  again,  it  is  faid  to  be  reJleBed. — In: 
each  cafe,  the  Ray,  as  it  falls  either  diredtly  on  the  eye,-, 
or  on  the  point  of  refledlion,  or  of  refradlion,  is  faid  to- 
be  incident. 

Again,  if  feveral  Rays  be  propagated  from  the  radi- 
ant objedl  equidiftantly  from  one  another,  they  are 
called  parallel  Rays.  If  they  come  inclining  towards 
each  other,  they  are  called  converging  Rays.  And  if 
they  go  continually  receding  from  each  other,  they  are- 
called  diverging  Rays. 

It  is  from  the  different  circumflances  of  B.ays,  that 
the  feveral  kinds  of  bodies  are  diftinguifhed  in  Optics,- 
A body,  for  example,  that  diffufes  its  own  light,  or 
emits  Rays  of  its  own,  is  called  a radiating  or  lucid  or 
luminous  body.  If  it  only  reflefl  Rays  which  it  receives  - 
from  another,  it  is  called  an  illuminated  body.  If  it  only 
tranlmit  Ray^s,  it  is  called  a tranfparent  or  tranjlucenf 
body.  If  it  intercept  the  Rays,  or  refufe  them  paffage,, 
it  is  called  an  opaque  body. 

It  is  by  means  of  Ray  s refledled  from  the  feveral  points  - 
of  illuminated  objefls  to  the-  eye,  that  they  become 
vifrble,  and  that  vifion  is  performed  j whence  fuch  Rays  • 
are  called  vifual  Rays» 

The  Rays  of  light  are  not  homogeneous,,  or  fimilar,- 
but  differ  in  all  the  properties  we  know  of ; viz,  refrangi- 
bility,  reflexibility,  and  colour.  It  is  probably  from 
the  different  refrangibllity  that  the  other  differences- 
have  their  rife  ; at  lead  it  appears  that  thofe  Rays 
which  agree  or  differ  in  this,  do  fo  in  all  the  reft.  It 
is  not  how^ever  to  be  imderftood  that  the  property  or 
effedi  called  colour,  exills  in  the  Rays  of  light  them- 
felves  ; but  from  the  different  fenfations  the  differently 
difpofed  Rays  excite  in  us,  wt  call  them  red  Raysy  yel- 
hvu  Rays.)  Each  beam  of  light  however,  as  it  comes 
from  the  fun,  leems  to  be  compounded  of  all  the  forts 
of  Rays  mixed  together ; and  it  is  only  by  fplltting  or- 
feparating  the  parts  of  it,  that  thefe 'different  forts  be- 
come obiervable ; and  this  Is  done  by  tranfmittiiig  the 

beam 


REA 


R E C 


L 333  ] 


l^am  througli  a glafs  prifm,  which  refra^ling  it  in  the 
paffage,  and  the  parts  that  excite  the  different  colours 
having  different  degrees  of  refrangibility,  they  are 
thus  feparated  from  one  another,  and  exhibited  each 
apart,  and  appearing  of  the  different  colours. 

Befide  refrangibility,  and  the  other  properties  of  the 
Kays  of  light  already  afeertained  by  obfervation  and 
experiment.  Sir  I»  Newton  fufpefts  they  may  have 
many  more  ; particularly  a power  of  being  infledfed  or 
ben't  by  the  adtion  of  diilant  bodies  ; and  thofe  Rays 
which  differ  in  refrangibility,  he  conceives  likewife  to 
differ  in  flexibility. 

Thefe  Rays  he  fiifpefts  may  be  very  fmall  bodies 
emitted  from  fhining  fubllances.  Such  bodies  may  have 
all  the. conditions  of  light  : and  there  is  that  adfion  and 
reaftion  between  tranfparent  bodies  and  light,  which 
very  much  refembles  the  attraftive  force  between  other 
bodies.  Nothing  more  is  required  for  the  produdfion 
of  all  th  e various  colours,  and  all  the  degree.s  of  re- 
frangibility, but  that  the  Rays  of  light  be  bodies  of 
different  fizes ; the  leaft  of  which  may  make  violet  the 
weakeff  and  darkeft  of  the  colours,  and  be  the  moff 
eafily  diverted  by  refracting  furfaces  from  its  rectilmear 
eoiirfe  ; and  the  reft,  as  they  are  larger  and  larger, 
may  make  the  itronger  and  more  lucid  colours,  blue, 
green,  yellow,  and  red.  See  Colour,  Light,  Re- 
fraction, Reflection,  Inflection, Converg ing, 
Diverging,  &:c,  &c. 

Rejls^ted  Rays,  thofe  Rays  of  light  which  are  re- 
flected, or  thrown  back  again,  from  the  furfaces  of 
bodies  upon  which  they  ftrlke.  It  is  found  that,  in  all 
the  Rays  of  light,  the  angle  of  refleClion  is  equal  to  the 
angle  of  incidence. 

RefraBed  Rays,  are  thofe  Rays  of  light,  which  are 
bent  or  broken,  in  paffing  out  of  one  medium  into  an- 
other. 

Pencil  of  Rays,  a number  of  Rays  iffued  from  a 
point  of  an  objeCt,  and  diverging  in  the  form  of  a cone. 

Principal  Ray,  in  Perfpedlive,  is  the  perpendicular 
diffance  between  the  eye  and  the  vertical  plane  or  table, 
as  fome  call  it. 

Ray  of  Curvature.  See  Radius  of  Qmkv 

REAUMUR  ( Rene  - Antoine  - Ferchault, 
Sieur  de),  a refpeftable  French  philofopher,  was  born 
at  Rochelle  in  1683.  After  the  uiual  courfe  of  fchool 
education,  he  was  fent  to  Poitiers  to  ffiidy  philofophy, 
and,  in  1699,  to  Bourges  to  ffudy  the  law,  the  pro- 
feflion  for  which  he  was  intended.  But  philofophy 
and  mathematics  having  very  early  been  his  favourite 
purfuits,  he  quitted  the  law,  and  repaired  to  Paris  in 
1703,  to  piirfue  thofe  fciences  to  the  belt  advantage  ; 
and  herehischara6ler  procured  him  afeat  in  the  Academy 
in  the  year  1708  ; which  he  held  till  the  time  of  his 
death,  which  happened  the  iSth  of  November  1757, 
at  74  years  of  age. 

Reaumur  foon  juffified  the  choice  that  was  made 
of  h im  by  the  Academy.  He  made  innumerable  ob- 
fervations,  and  wrote  a great  multitude  of  pieces  upon 
tlie  various  branches  of  natural  philofophy.  His  Hiftory 
of  Infefts,  in  6 vols.  quarto,  at  Paris,  is  his  principal 
work.  Another-  edition  was  printed  in  Holland,  in 


12  vols.  1 2mo,  He  made  alfo  great  and  ufeful  dif- 
coveries  concerning  iron  ; (hewing  how  to  change  com- 
mon wrought  iron  into  ffeel,  how  to  foften  caff  iron, 
and  to  make  works  in  caff  iron  as  fine  as  in  wrought  iron. 
His  labours  and  difeoveries  concerning  iron  were  re- 
warded by  the  duke  of  Orleans,  regent  of  the  kingdom, 
by  a penfion  of  12  thoufand  livres,  equal  to  about  5C0I. 
Sterling  ; which  however  he  would  not  accept  but  on 
condition  of  its  being  put  under  the  name  of  the  Aca- 
demy, who  might  enjoy  it  after  his  death.  It  was  owino- 
to  Reaumur’s  endeavours  that  there  were  effabliflied  in 
France  manufaftures  of  tin  plates,  of  porcelain  in  imi- 
tation of  china-ware,  &;c.  They  owe  to  him  alfo  a new 
thermometer,  which  bears  his  name,  and  is  pretty 
generally  ufed  on  the  continent,  while  that  of  Fahren- 
heit is  ufed  in  England,  and  fome  few  other  places. 
Reaumur’s  thermometer  is  a fpirit  one,  having  the 
freezing  point  at  o,  and  the  boiling  point  at  80. 

Reaumur  is  effeemed  as  an  exadl  and  clear  writer  ; 
and  there  is  an  elegance  in  his  ftyle  and  manner,  which 
is  not  commonly  found  among  thofe  who  have  made 
only  the  fciences  their  ffudy.  He  is  reprefented  alfo 
as  a man  of  a moff  amiable  dirpofition,  and  with  qua- 
lities to  make  him  beloved  as  well  as  admired.  He  left" 
a great  variety  of  papers  and  natural  curioflties,  which 
he  bequeathed  to  the  Academy  of  Sciences. 

The  works  publifhed  by  him,  are  the  following. 

1.  The  Art  of  changing  Forged  Iron  into  Steel  ; of 
Softening  Caff  Iron ; and  of  making  wmrks  of  Caff  Iron, 
as  ffne  as  of  Wrought  Iron.  Paris,  1722,  1 vol.  in 
4to. 

2.  Natural  Hiftory  of  Infefts,  6 vols,  in  qto. 

His  memoirs  printed  in  the  volumes  of  the  Academy 
of  Sc  iences,  are  very  numerous,  amounting  to  upwards 
of  a hundred,  and  on  various  fubjedfs,  from  the  year 
1708  to  1763,  feveral papers  in  almoft  every  volume. 

RECEIVER,  of  an  Air  Pump^  is  part  of  its  ap- 
paratus ; being  a glafs  veffel  placed  on  the  top  of  the 
plate,  out  of  which  the  air  is  to  be  exhaufted. 

RECEPTION,  in  Aftrolcgy,  is  a dignity  befalling 
two  planets  when  they  excliange  houfes  : for  example, 
when  the  fun  arrives  in  Cancer,  the  houfe  of  the  moon 
and  the  moon,  in  her  turn,  arrives  in  the  fun’s  houfe. — 
The  fame  term  is  alio  ufed  when  two  planets  exchange 
exaltation. 

RECESSION  of  the  Equinoxes.  See  Precession 
of  the  Equinoxes. 

RECIPROCAL,  in  Arithmetic,  &c,  is  the  cruo- 
tient  arifing  by  dividing  i by  any  number  or  quantity. 
So,  the  Reciprocal  of  2 is  ^ ; of  3 is  |,  and  of  a is 

— , &c.  Hence,  the  Reciprocal  of  a vulgar  fraction 

is  found,  by  barely  making  the  numerator  and  the  de- 
nominator mutually  change  places  : fo  the  Reciprocal 

of  i-  is  I or  2 ; off,  is  I ; of  — Is  — , &c.  Hence 

b a 

alfo,  any  quantity  being  multiplied  by  its  Reciprocal, 

the  product  is  always  equal  to  unity  or  l : fo  \ X | ~ 

o 1 5 /c  . a h ah 

\ ~ I,  and  § X i ~ J = I,  and  - x - = 

o a ao 
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4 16 

0024038 

476 

C02 1008 

536 

DO18657 

396 

0016779 

656  ( 

DOI 5244 

7 1 6 

0013965 

4'7 

002398 1 

477 

0020964 

537  ^ 

DO  I 8622 

597 

DOI6750 

657  ( 

DOI 522  I 

717 

0013947 

418 

0023923 

478  < 

0020921 

538  c 

301 8587 

598 

0016722 

658  ( 

DOI5198 

718 

0013928  •• 

419 

0023866 

479 

0020877 

539  c 

3018553 

599 

DOI6694 

659  ( 

DOI5175 

719 

0013908 

420 

0023S10 

480 1 0020833 

540  c 

3018518  1 

600 

DOI6666 

660  ( 

DOI515I 

72O 

00 1 388S 
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Table  of  Reciprocals. 


No. 

Recip. 

No. 

Recip, 

,No. 

1 ... 

Recip. 

No.. 

Recip. 

No. 

Recip. 

No. 

Recip. 

721 

0013870 

768 

001302 i 

815- 

0012270 

B62 

0011601 

909 

OOI 1001 

956 

0010460 

722 

0013850 

769 

0013004 

|8i6 

OOI2255 

863 

0011587 

910 

0010989 

957  , 

0010449 

723’ 

0013831 

770 

CO 12987 

817 

0012240 

864 

OOI 1574 

9TI 

0010977 

958 

0010438 

724 

0013812 

771 

0012970 

818 

001 2225 

86.5 

OOI 1561 

912 

0010965 

959 

0010428 

72,> 

0013793 

772 

0012953 

819 

00  I £2  ID 

866 

.00  I 1547 

913 

COIO953 

960 

0010416 

726 

0013774 

773 

0012937 

820 

0012195 

867 

0011534 

914 

0010941 

96] 

0010406 

727 

0013755 

774 

0012920 

82 1 

00 E 2180 

868 

OOI I 52  I 

915 

0010929 

962 

0010395 

728 

0013736 

775 

0012903 

822 

00'12  165 

869 

OOT 1507 

916 

OQI09 17 ' 

9^63 

0010384 

729 

0013717 

776 

0012887 

823 

00 I 2 I 5 I 

870 

OOI 1494 

917 

00 I 0905 

964 

OOIO373 

730 

001 3699 

777 

00 12870 

824 

001 2 136 

871 

OOI 1481 

918 

0010893 ' 

965, 

0010563’ 

73' 

0013680 

778. 

00 12 85 3 

82  5 

00 1 2 1 2 I 

872 

OOI 1468 

919 

001088 1 

966 

-0010352 

732 

0013661 

779 

0012837 

826 

oosi  2106 

873 

ooi 1455 

920 

0010870 

967' 

OOIO341 

733 

0013643 

780 

001282  I 

827 

0012092 

874 

OOI 1442 

921 

0016858 

968 

00  1 03  3 I 

734 

0013624 

781 

0012804 

828 

0012077 

87.5 

OOI 1429 

922 

0010840 

969 

0010320 

73S 

0013605 

7S2 

0012788 

829 

0012063 

876 

0011416 

923 

0010834 

970 

0010309 

736 

001358-7 

783 

001277  I 

830 

0012048 

877 

OOI 1403 

924 

O910H23 

971 

0010299 

737 

0013569 

784 

0012755 

831 

0012034 

878 

0011390 

925 

00  108  ! O' 

972 

0010288 

738 

0013550 

785 

0012739 

832 

OOI2OI9 

879 

CO  1 1 3 7 7 

926 

OOIO799 

973 

00 I 027 7 

739 

0013532 

786 

0012723 

833 

0012005 

880 

OOI 1363 

927 

0010787 

974 

0010267 

740 

OOI3513 

787 

0012706 

834 

001 1990 

881 

0011351 

928 

0010776 

975 

0010256 

74^ 

0013495 

788 

00 12690 

83s 

COI 1976 

882 

0011338 

929 

0010764 

976 

0010246 

742 

0013477 

789 

0012674 

836 

001 1962 

883 

OOI I 325 

930 

0010753 

977 

00 I 023 5 

1743 

0013459 

790 

0012658 

837 

001 1947 

884 

OOI I 3 I 2 

931 

0010741 

978 

0010225 

: 744 

OO13441 

791 

00 12652 

838 

OOII933 

885 

OOI  1299 

942 

0010730 

979 

0010215 

’ 74S 

0013423 

792 

0012626 

839 

00 1 1 9 1 9 

886 

0011287 

933 

0010718 

980 

0010204 

j 746 

0013405 

793 

0012610 

840 

001 1905 

887 

OOI 1274 

934 

0010707 

98 1 

OOIOI 94 

'747 

0013387 

■794 

0012594 

841 

0011 891 

888 

0011261 

935 

0010693 

982 

0010183 

! 74S 

0013369 

795 

0012579 

842 

0011876 

889 

0011249 

936 

0010684 

983 

OOIOI 73 

749 

OOI3351 

796 

0012563 

843 

00! 1862 

890 

0011236 

937 

0010672 

984 

0010163 

750 

0013333 

797 

0012547 

844 

COI 1848 

891 

OOI 1223 

938 

0010661 

985 

0010152 

73^ 

0013316 

798 

0012531 

84.5 

00 I 1834 

892 

OOI 12  I 1 

939 

0010650 

986 

0010142 

7 72 

0013298 

799 

0 

0 

0 

846 

0011820 

893 

0011198 

940 

0010638 

987 

OOIOI 32 

753 

00 13280 

800 

00125 

847 

COI 1896 

894 

OOI 1186 

94^ 

0010627 

988 

OOIOI 2 I 

7^4 

0013263 

801 

00 12484 

848 

001 17^2 

895 

OOI 1173 

942 

0010616 

989 

OOIOI I I 

755 

0013245 

802 

0012469 

849 

001 1779 

896 

OOI 1161 

943 

0010602. 

990 

00  I 0 1 O] 

' 75^ 

0013228 

" 803 

0012453 

850 

00 1 1765 

897 

OOI I 148 

944 

0010593 

991 

OOIOC9I 

757 

00 13 2 10 

804 

0012438 

85 1 

0011751 

898 

0011136 

945 

0010582 

992 

0010081 

■758 

0013193 

805 

t 0 r 

0012422 

852 

00  I I 7 3 7 

899 

OOI I 123 

946 

001057  I 

993 

0010070 

759 

0013175  1 

\ 006 

1 n 

00 12407 

853 

001  I 723 

900 

00 1 1 1 1 1 

947 

0010560 

994 

0010060 

760 

10013158 

1807 

0012392 1 

854 

001  I 7 10 

901 

OOI 1099 

948 

0010549 

995 

0010050 

761 

0013 14 I 

i 808 

001 2376 

|§55 

00 1 1696 

902 

OOI I 086 

949 

0010537 

996 

0010040 

762 

00131 23 

809 

CO  12361 

856 

0011682 

903 

OOI 1074 

950 

0010526 

997 

00 10030 

763 

0013 106 

8io 

0012346 

857 

ooi 1669 

904 

00 1 1062 

951 

00105  1 5 

998 

0010020 

764 

0013089 

81 1 

00  3 2330 

858 

001 1655 

905 

OOl 1050 

952 

0010504 

999 

OOIOOiO 

763 

00 ( 307  2 

8 1 2 

0012315 

859 

OOI 1641 

906 

0011038 

953 

0010493 

! 

loco 

001 

766 

0013055 

813 

0012300 

85o 

0011628 

907 

0011025 

954 

00J0482 

767 

0013038 

814 

0012285 

861 

00 1 1 6 1 4 [ 

908 

00 1 1 0 1 3 

955 

001047  f 

Of  the  preceding  Table,  tlie  life  is  evidently  to  fhorten 
arithmetical  calculations,  and  will  appear  eminently  great 
to  thofe  mathematicians  and  others  who  are  frequently 
concerned  in  fiich  kinds  of  computations.  The  ftrudtare 
of  the  Table  is  evident  ; the  hrft  column  contains  the 
natural  feries  of  numbers  from  i to  1000,  the  2d  the  Re- 
ciprocals. Thefe  Reciprocals  (which  are  no  other  than 
the  decimal  values  of  the  quotients  refulting  from  the 
divihon  of  unity  or  I by  each  of  the  feveral  numbers  from 
I to  1000)  are  not  only  ufeful  in  fliewing  by  infpedfion 
the  quotient  when  the  dividend  is  unity,  but  are  alfo 
applied  with  much  advantage  in  turning  many  divi- 


fions  into  multiplications,  which  are  much  eafier  per- 
formedj  and  are  done  by  multiplying  the  Reciprocal  of 
thedivifor  (as  found  in  the  Table)  by  the  dividend,  for 
the  quotient  5 they  will  alfo  apply  to  good  purpofe  in 
fumming  the  terms  of  many  converging  feries. 

The  Reciprocals  are  carried  on  to  7 places  of  deci- 
mals (for  the  column  of  Reciprocals  muft  be  accounted 
all  decimal  figures,  although  they  have  not  the  decimal 
point  placed  before  them,  which  is  omitted  to  fave 
room),  each  being  fet  down  to  the  neareil  figure  in  the 
laft  place,  that  is,  when  the  next  figure  beyond  the  lall 
fet  down  in  the  Table  came  out  a 5 or  more,  the  lafi: 

'fitrure 

O 
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figure  was  increafed  by  i,  otherwife  not ; excepting  in 
the  repetends  which  occurred  among  the  Reciprocals, 
where  the  real  lail  figure  is  always  fet  down  ; the  Reci- 
procals, which  in  the  Table  coiifill  of  lefs  than  feven 
figures,  are  thofe  which  terminate,  and  are  complete 
within  that  number;  fuch  as  *5  the  Reciprocal  of  2, 
•25  the  Reciprocal  of  ^c. 

Reciprocal  Figures,  in  Geometry,  are  fuch  as 
have  the  antecedents  and  confe- 
quents  of  the  fame  ratio  in  both 
figures.  So,  in  the  two  redf- 
angles  BE  and  BD,  if  AB  : 

DC  : : BC  : AE,  then  tliofe 
redangles  are  reciprocal  figures; 
and  are  alfo  equal. 

Reciprocal  Proportion,  is 
when,  in  four  quantities,  th« 
two  latter  terms  have  the  Reci- 
p:  ocal  ratio  of  the  two  former,  or 
are  proportional  to  the  Reciprocals  of  them.  Thus, 
24»  G ^ form  a Reciprocal  propoition,  becaufe 
I I ^ 

~ : — : : 5 : 8,  or  15  : 24  ; : c : 8, 

24  1 5 ^ ^ ^ 

Reciproca'l  Ratio,  of  any  quantity,  is  the  ratio  of 
the  Reciprocal  of  the  quantity. 

RECIPROCALLY.  One  quantity  is  Reciprocally 
as  another,  when  the  one  is  greater  In  proportion  as  the 
other  is  lefs  ; or  when  the  one  Is  proportional  to  the 
Reciprocal  of  the  other.  So  a is  Reciprocally  as  h, 

w'hen  a is  always  proportional  to  Like  as  In  the 

h 

mechanic  powers,  to  perform  any  effed,  the  lefs  the 
power  is,  the  greater  muft  be  the  time  of  performing  it  ; 
or,  as  it  is  faid,  what  is  gained  In  power,  is  loll  in 
time.^  So  that,  if  p denote  any  power  or  agent,  and  t 
the  time  of  its  performing  any  given  fervice  ; then  p 

is  as  and  t is  as  ~ ; that  is,  p and  t are  Reciprocal- 
ly proportionals  to  each  other. 

RECKONING,  In  Navigation,  is  the  efiimating 
the  quantity  of  a Pulp’s  way  ; or  of  the  courfe  and  di£ 
^tance  run.  Or,  more  generally,  a (hip’s  Reckoning  is 
that  account,  by  which  it  may  at  any  time  be  known 
wheie  the  (liip  is,  and  confequcntly  on  what  courfe  or  ’ 
courfes  (lie  muft  fteer  to  gain  her  Intended  port.  The 
Reckoning  is  iifually  performed  by  keeping^an  account 
of  the  courfes  ftcered,  and  the  dlllance  run,  with  any  ac- 
cidental circumliances  that  occur.  The  courfes  ftcered 
■ure  obferved  by  the  compafs;  and"' the  diftances  run  are 
elllmated  from  the  rate  of  running,  and  the  time  run 
upon  each  courfe.  The  rate  of  running  is  meafured 
by  the  log,  from  time  to  time  ; which  however  is  liable 
to  great  irregularities.^  Anciently  Vitruvius,  for  mea- 
furing  the  rate  of  failing,  advifed  an  axis  to  be  pafied 
thiough^  the  fides  of  the  (hip,  v’ilh  two  large  heads 
protending  out  of  the  (liip,  including  w'heels  touching 
the  watei,  by  the  revolution  of  which  the  fpace  paffed 
^ver  in  a given  time  is  meafured.  And  the  fame  has 
been  fince  recommended  by  Snellius. 

Rfic K o N I NG,  Dr’isr/.  See  Dead  Recionin?. 
RECLINATICN  of  a Plane,  in  Dialling,  is  the  an- 
gular quantity  which  a dial-plane  leans  backwards,  from 

iin  exactly  upright  or  vertical  plane,  or  from  the  ze- 
nith. 

VoL.  II. 


•1  ■ 

\ 

RECLINE R,  or  Reclining  Dial,  is  a dial  whofc 
plane  reclines  from  the  perpendicular,  that  is,  leans 
backwards,  or  from  you,  when  you  ftand  before  it. 

R E c L I N E R , Declining,  or  Declining  Reclining  Dial^ 
is  one  which  neither  .ftands  perpendicularly,  nor  oppo- 
file  to  one  of  the  cardinal  points. 

RECOIL,'  or  Rebound,  the  rcfilition,  or  flying 
backward,  ol:  a body,  efpecially  a fire-arm.  This  is 
the  motion  by  which,  upon  explofion,  it  darts  or  dies 
backwards  ; and  the  caufe  of  it  is  the  refiftance  of  the 
ball  and  the  Impelling  force  of  the  powder,  which  ads 
equally  on  the  gun  and  on  the  ball.  It  has  been 
commonly  faid  by  authors,  that  the  momentum  of  the 
ball  IS  equal  to  that  of  the  gun  with  its  carriage  toge- 
ther ; but  this  Is  a miftake  ; for  the  latter  momentum  is 
nearly  equal  to  that  of  the  ball  and  half  the  weight  of  the 
powder  together,  moving  with  the  velocity  of  the  bail. 
80  that,  if  the  gun,  and  the  ball  with  half  the  powder, 
were  of  equal  weight,  the  piece  would  recoil  with  the 
fame  velocity  as  the  bull  is  difeharged.  But  the  heavier 
any  body  Is,  the  lefs  will  Its  velocity  be,  to  have  the 
fame  momentum,  or  force ; and  therefore  fo  many 
times  as  the  cannon  and  carriage  is  heavier  than  the 
ball  and  half  the  powder,  juft  as  many  times  will  the  ve- 
locity of  the  ball  be  greater  than  that  of  the  gun  ; and 
In  the  fame  ratio  nearly  is  the  length  of  the  barrel  be- 
fore the  charge,  to  the  quantity  the  gun  Recoils  in  the 
time  the  ball  is  pafTing  along  the  bore  of  the  gun.  So, 
if  a 24  pounder  of  10  feet  long  be  bqoolb  weight,  and 
charged  with  61b  of  powder  ; then,  when  the  ball  quits 

the  piece,  the  gun  will  have  Recoiled x 10  = — ^ 

6400  160 

of  a foot,  or  nearly  half  an  inch. 

RECORDE  (Robert),  a learned  phyfician  and 
mathematician,  was  born  of  a good  family  In  Wales, 
and  floiiri(hed  In  the  reigns  of  Henry  the  8th,  Edward 
the  6th,  and  Mary.  There  is  no  account  of  the  exadl 
time  of  his  birth,  though  It  muft  have  been  early  In  the 
1 6th  century,  as  he  was  entered  of  the  univerfity  of  Ox- 
ford about  the  year  1525,  where  he  was  tlecfted  fellow 
of  Alliouls  college  In  1531.  Making  phyfic  his  profef- 
fion,  he  went  to  Cambridge,  where  he  was  honoured 
with  the  degree  of  doflor  In  that  faculty,  in  1345,  and 
highly  eftcemed  by  all  that  knew  him'  for  his  great 
knowledge  In  feveral  arts  and  fclences.  He  afterwards 
returned  to  Oxford,  where,  as  he  had  done  befor^  he 
went  to  Cambiidge,  he  publicly  taught  arithmetic,  and 
other  branches  of  the  mathematics,  with  great  ap- 
plaufe.  It  feems  he  afterwards  repaired  to  London,  and 
it  lias  been  faid  he  was  phyfician  to  Edward  the  6th  and 
Mary,  to  which  piinces  he  dedicates  fome  of  his  bocks  ; 
and  yet  he  ended  his  clays  in  the  King’s-bench  prifon, 
Southwark,  where  he  was  confined  for  debt,  in  the 
year  1558,  at  a very  immature  age. 

Recoule  publlflied  feveral  mathematical  books, 
which  are  moftly  in  dialogue,  between  the  mafter  and 
feholar.  They  are  as  follow  : ^ 

1.  The  Path'way  to  Knowleclge,  coiitaming  the  firft 
Principles  of  Geometric,  as  they  may  mode  aptly  be 
applied  unto  praftife,  botlie  for  ufie  of  Inftrumeiites 
Geometricall  and  Aftronomicall,  and  alfo  for  Pro- 
jedion  of  Plattes  mucli  neceftary  for  all  fortes  of  men. 
Lond,  4to,  1531* 

2.  The  Ground  of  Arts,  teaching  the  perfedl  vvorke 
and  practice  of  Arithmeticke,  both  In  whole  numbers 

^ ^ and 
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and  fra(!n:ions,  after  a more  eafie  and  exadl  forme  tlien 
in  former  time  hath  beene  fet  forth,  8vo,  I 5 52. — ihis 
work  went  through  many  editions,  and  was  corrected 
and  augmented  by  feveral  other  perfons  ; as  fnk  by 
the  famous  13r.  John  Dee;  then  by  John  Mellis,  a 
fchoolmaher,  1590  5 ne'tt  by  Robert  Norton  ; then  by 
Robert  Hartwell,  praclitioner  in  mathematics,  in  Loi> 
don  ; and  laftly.  by  R»  G.  and  printed  in  8vOj  id33» 

3.  Tht  Cajlle  of  Knowledge^  containing  the  Explica- 
tion of  the  Sphere  bothe  Celeiliall  and  iVIateriall,  and- 
divers  other  things  incident  thereto,.  Vdith  fundry 
pleafaiint  proofes  and  certaine  newe  demonftrations  not,. 
WTitten before  in  any  vulgare  woorkes.  Lond. folio,  15  56, 

4.  The  Whetjlone  of  Witte ^ which- is  the  feconde  part 

of Arithmetike  :■  containing  the  Extradfion  of  Rootesn 
the  Collike  Pradfife,  with  the  rules- of  Equation  : and 
the  woorkes. of  Surde  Noinbers.  Eond.  HS'7* — 

For  an  analyfisiof  this  work  on  Algebra,  with  an  ac- 
count of  what  is  new  in  it,  fee  pa.  79  under 

the  article  Algebra,. 

Wood  fays  he  wrote  alfo  feveral  pieces  .on  phyfic, 
anatomy'-,,  politics,  and  divinity  ; but  Lknow  not  whe- 
ther they  were  ever  pubiifhed.  And  Sherburne  fay'-s  that 
he  publiined.  Ifagogen  ; alfo  that  he  wrote 

a book,  De  Arte  faciemli  Horologium  ; and  another,  De 
UJu  Globoruni^  &-  de  Statu- TemJ)oru?n-;  which  I have 
never  feen  . 

PACT  ANGLE,,  in  Geometry,  is  a right-angled 
parallelogram,  or  a right-angled  quadrilateral  figure. 

If  from  any  point  O,  lines  be  drawn  to  all  the.  four 


O 


angles  of  a ReAangle  ; then  the  fum  of  the  fquares  of 
the  lines  drawn  to  the  oppofite  corners  will  be  equal, 
in  whatever  part  of  the  plane  the  point  O is  lltuated  ; 
viz,  OA*  k OD''  =:  OB^'  k OG^.  For  other  pro- 
perties of  the  Redfangie,  fee  Par.alle  logram  for  the, 
Redlangle  being  a fpecies  of  the  parallelogram,  what- 
ever properties  belong  to  the  latter,  mull  equally  hold  in^i 
the  former. 

For  the  Area  of  a Rectangle.  Multiply  ths: 
length  by  the.  bieadth  or 
htight. — Other  Wife  ; Multiply 
the  produdf  of  the  two  diagonals 
by  half  tlie  fine  of  their  angle  at. 
the  interfedlion. 

That  is,  AB  X AC,  or- 
AD  X BC  X 1 fm.  Z.P  = 
area.  A Redlangle,  as  of  two 
lines  AB  and  AC,'  is  thus  de- 
noted, AB  X AC,  or  AB.AC;  or  elfe  thus  ex- 
' preiTed,  the  Redlangle  of,  or  under,  AB  and  AC. 

Rectangle,  iii  Arithmetic,  is  the  fame  with  pro- 
dudl  or  fadlum.  So  the  Redlangle  of  3 and  4,  is  3 X 4. 
Or  1 2 ; and  of  a and  h a X or  ah, 

RECTANGLED,  Right-angled,  or  Rectan^ 
«QULAR,  is  applied  to  figures  and  folids  that  haveatleaft 
one  right  angle,  if  not  more.  So  a Right-angled  trian- 
gle, has  one  right  angle  a Right-angled  parallelogram 


Is  a redlangle,  and  has  four  right  angles.  Such 
are  fquares,  cubes,  parailelopipedons. 

Solids  are  alfo  faid  to  be  Redlangular  with  refpedl 
to  their  fituation,  viz, when  their  axis  is  perpendicular  ■ 
to  their  bafe  ; as  right  cones,  pyramids,  cylinders,  &c,  ' 

The  Ancients  ufed  the  phrafe  Redangidar  JeHion  of  a<> 
cone,  to  denote  a parabola ; that  conic  fedlion,  before  - 
Apollonius,,  being  only  conlidered  in  a cone  having  its : 
vertex  a right -angle,,  And  hence  it  was,  that  Archi- 
medes entitled  his  book  of  the  quadrature  of  the  para- 
bola, by  the  name  of  Redanguli  Coni  SetTio. 

RECTIEiCATlON,  in  Geometry,  is  the  find- 
ing cf  a right  line  equal  to  a curve.  The  Redlification 
of  curves  is  a branch  of  the  higher  geometry,  a branch^ 
in  which  the  ufe  of  the  inverle  method  of  Fluxions  is- 
erpecially''  ufeful.  Tins  is  a problem  to  which  all  rna-» 
thematicians,  both  ancient  and  modern,  have  paid  the  ’ 
greatcil  attention,  and  particularly  as  to  the  RtJdlifica-- 
tion  of  the  circle,  or  finding  the  length  of  the  circum- 
ference, or  a right  line  equal  to  it  ; but  hitherto  with*  , 
out  the  perfedl  ekedl : upon  this  alfo  depends -the  qua-- 
drature  of  the  circle,  fince  it  is  dcmonli rated  that  the 
area  of  a circle  is  equal  to-,  a right-angled  triangle,  of' 
which  one  af  the  fides  about  the  right  angle  is  the  ra- 
dius, and  the  other  equal  to  the  circumference  : but  it,, 
is  much  to  be  feared  that  neither  the  one  nor  the  other 
will  ever  be  accomplifhed.  Innumerable  approxima- 
tions however,  have  Been  made,  from  Archimedes,  down, 
to  the  mathematieinns  .of.the.prefent  day.  See  Circle 
and  Circumference... 

The  firfi;  perfon  who  gave  the  Rectification  of  any 
curve,  was  Mr.  Neal,  fon  of  Sir  Paul  Neal,  as  we  find  at 
the  end  of  Dr.  Wallis’s  treatife  on  the  GifToid  ; where 
he  fays,  that  Mr.  Neal’s  Rectification  of  the  curve  of' 
the  femicubical  parabolaj  was  publifiied  in  July  or  Au- 
gufi,  1657;  Two  years  after,  viz  in  1659,  Van  Hau-- 
reatj  in -Holland;  alfo  gave  the  Redlification  of  the  fame  ■ 
curve  ; as  may  be  feen  in  Schooten’'s  Commentary  on 
Des  Cartes’s  Geometry. 

The  moft  comprehenfive  method  of  Rectification  of- 
curves,  is  by'-  the  inverfe  method  of  fluxions,  which  is 
thus  ;...Let  AQc  be  any  curve  line,  AB  an  abfeifs,  and,. 


BC' a perpendicular  ordinate;  alfo another  ordB- 
nate  indefinitely  near  to  BG  ; and  Cd  drawn  parallel:; 
to  the  abfeifs  AB.  Put  the  abfeifs  A B = x,  the  ordi-- 
nate  BC  = y,  and  the  curve  AC  = z : then  isCr/=' 
Vib  =■  X the  fluxion  of  the  abfeifs  AB,  and  cd  = j the 
fluxion  of  the  ordinate  BC,  alfo  Qc  = » the  ■ 
fitixion  of  the  curve  AB.  Hence  becaufe  Qcd  may  be - 
conlidered  as  a plane  right-angled  triangle,  Cr^  == 
Qdd  k k J"  > therefore 

d — a/  W'  k yk  which  is  the, fluxion  of  the  length  of ' 
any  curve  ; and  confequently,  out  of  this  equation  ex- 
pelling either  A-  01*7,  by  means  of  the  particular  equa-  ■ 
tion  expreffing  the  nature  of  the  curve  in  quellion,  the  ^ 
fiiientsofthe  refulting  equation,  being  then  taken,  will 
give  the  length  of  the  curve,  .in  finite  terms  v/hen  it  is 

reaifiable,. 
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Verifiable,  otbenvlfe  in  an  in^finite  feries,  or  in  a loo-a- 
« • ^ 

rithmfc  or  exponential  &c  exprelTion,  or  by  means  of 
’'fome  other  curve,  &c. 

Ex.  i.  To  rcBify  the  common  parabola. — In  this  cafe, 
^the  equation  of  the  curve  is  zax  ~ where  a is  half 
‘the  parameter.  The  fluxion  of  this  equation  is 

• v’y* 

2ax  rr  zyy,  and  hence  ; this  being;  fubfli- 

tuted  in  the  general  equation  = ^ it  be- 

y*yaa-\‘yy 

~ ; the  correct  fluentsof  which  give 


a 


comes  » = 

y \'^aa  q-  yy  - V + + vy 

^ b ^a  X hyp.  log.  of  ■" 

za 

wliich  is  the  length  of  the  curve  AC,  when  it  is  a pa- 
rabola. 

And  the  fame  might  be  exprefled  by  an  infinite  fe- 

ries,  by  expanding  the  quantity  aa  + yy.  See  my 
IVJenfuration,  pa.  361,  2d  edit. 

Ex.  2.  To  re8ify  the  Circle. — The  equation  of  the 
circle  may  be  exprefled  eitlier  in  terms  of  the  fine,  or 
vetfed  fine,  or  tangent,  or  fecant,  &c,  and  the  radius. 
Let  therefore  the  radius  of  the  circle  be  DA  or  DC  =r 
-the  verfed  fine  AB  = .r,  the  right  fine  BC  = jjq  the 
tangent  CE  = /,  and  the  fecant  DE  = s;  then,  by 
the  nature  of  the  circle,  w^e  have  thefe  equations, 

r^r- 

y = ^ = ; ; and  by 

-y  r-  ' 

means  of  the-fluxions  of  thefe  equations,  with  the  ge- 
neral equation  are  obtained  the  follow- 

ing fluxional  'forms  for  the  fluxion  of  the  ciirve,  the 
fluent  of  any  one  of  which  will  be  the  curve  itfelf,  viz. 


z = 


rx 


2 rx  — x.v  rr  — v 


py .rV 


yy  Vs^-^r- 

Hence  the  value  of  the  curve,  from  the  fluent  of  each 
of  thefe,  gives  the  four  following  forms,  in  feries,  viz, 
the  curve,  putting  d ~ ir  the  diameter,  is  z 

3A'-^  3 . 

• ' kc)*/dv. 


= (I  + 

= (I  + 

= (I  - 


+ 


4- 


2.3c/  2.4.5^^  Z.^.t.ycP 


2.y‘ 

P- 


+ 


3/ 


+ 


t^ 


3 'Sy 


.6 


q- L 


2.4.6. 


S — r — ;*3 

— ( — 1 h 


7/--  9/ 

3(i5  _ ,.S) 


,.8 


&c)j, 
&c}  /, 
tcc)  r. 


2.^^^  2.4. 5^5 

See  my  Menfur.  2d  eflit.  pa.  iiS  &c,  alfo  moil  trea- 
tife  s on  Fluxions. 

It  is  evident  that  the  firapleft  of  thefe  feries  is  the 
third,  or  that  which  is  exprefled  in  terms  of  the  tan- 
gent. It  will  therefore  be  the  properefl  form  to  calcu- 
late an  example  by  in  numbers.  And  for  this  purpofe 
it  will  be  convenient  to  aflume  fome  arc  whofe  tangent, 
or  at  lead  Its  fquare,  is  known  to  be  fome  fmali  finite  num- 
ber. Now  the  arc  of  45°  it  is  known  has  its  tangent 
equal  to  the  radius  ; and  therefore,  taking  the  radius 
8*  = 1,  and  confequentiy  the  tangent  of  45°  or  ^ = i 
alfo,  in  this  cafe  the  arc  of  45°  to  the  radius  i. 


will  be  2:^ 
But  as  this  feries  Con- 


or the  quadrant  to  the  diameter  i, 

I I I I 

I + — H 8cc. 

3 5 7 9 

verges  very  flowly,  fome  fmaller  arch  mud  be  taken, 
that  the  feries  may  converge  fader ; fuch  as  the  arc 

' ^ I 

of  30'^,  whofe  tangent  is  = x/~=  *5773^02,  or  its 

3 

fquare  = — ; and  hence,  after  the  firft  term,  the 

^3 

fucceedmg  terms  will  be  found  by  dividing  always  by 
3,  and  thefe  quotients  divided  by  the  ablblute  num- 
bers 3,  5,  7,  g,  See  ; and  ladly  adding  every  other 
term  together  into  two  fums,  the  one  the  fum  of  the 
pofitlve  terms,  arid  the  other  the  fum  of  the  negative 
ones,  then  ladly  the  one  fum  taken  from  the  other 
leaves  the  length  of  the  arc  of  30°,  which  is  the  12th 
part  of  the  whole  circumference  when  the  radius  is  i,  or 
the  6th  part  when  the  diameter  Is  i,  and  confequentiy 
6 times  that  arc  will  be  the  length  of  the  whole  circum- 
ference to  the  diameter  l ; therefore  multiply  the  id: 

1 .36 

term  — by  6,  and  the  produbt  is  or  \/i2  = 

3*4641016  ; hence  the  operation  will  be  conveniently 
made  as  follows ; 

-f-  Terms.  — Terms. 


I) 

3) 

3*4641016  (3*4641016 

1*1547005  ( 

0*3849002 

5) 

3849002  ( 

7698^30 

7) 

1283001  ( 

1S3286 

9) 

427667  ( 

475^9 

142556  ( 

12960 

^3) 

47519  ( 

S^3S 

^5) 

15840  ( 

1056 

17) 

5280  ( 

19) 

1760  ( 

93 

21) 

587  ( 

28 

23) 

196  ( 

8 

29) 

65  ( 

3 

27) 

22  ( 

i 

4-  3*^462332 —0*4046406 
— 0*4046406 


3*1415926  the  circiimference. 

Various  other  feries  for  the  Reftification  of  the  circle 
may  be  feen  in  diflerent  parts  of  my  Menfuratlon,  as  at 
pa.  121,  122,  137,  138,  422,  See.  See  alfo  my  pa- 
per on  this  fubje<fl:  in  the  Bhilof.  Tranf,  vol.  66, 
pa.  476. 

RECTIFIER,  in  Navigation,  is  an  Indrument 
ufed  for  determining  the  variation  of  the  compafs,  in 
order  to  reftify  the  fliip’s  conrfe.  It  confids  of  two 
circles,  either  laid  upon,  or  let  into  one  another,  and  fo 
fadened  together  in  their  centres  that  they  reprefent 
two  compad'es,  the  one  fixed,  and  the  other  moveable. 
Each  is  divided  into  32  points  of  the  compafs,  and  360°, 
and  numbered  both  ways,  from  the  north  and  the  fouth, 
ending  at  the  ead  and  wed  in  qo*^.  The  fixed  compafs 
reprefents  the  horizon,  in  which  the  north,  and  all  the 
other  points,  are  liable  to  variation.  In  the  centre  of 
X X z the 
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the  moveable  compafs  is  faftened  a filk  thread,  long 
enough  to  reach  the  outfide  of  the  fixed  compafs:  but 
when  the  inftrnraent  is  made  of  wood,  an  index  is  uied 
initead  of  the  thread. 

R.ECTI’FYING  of  Cur%m,  See  Rectifica- 
tion. 

Rectifying  of  the  Glohe  or  Sphere^  is  a previous  ad- 
jnftment  of  it,  to  prepare  it  for  the  folution  of  pro- 
blems. This  iifually  confifts  in  placing  it  in  the  fiime 
pofition  as  the  true  fphere  of  the  world  has  at  fome  cer- 
tain time  propofed  ; which  is  donefiril  by  elevating  the 
pole  above  the  horizon  as  much  as  the  latitude  of  the 
place  Is,  then  bringing  the  furies  place  for  the  given 
day,  found  In  the  ecliptic,  to  the  graduated  lide  of  the 
brafs  or  general  meridian,  next  move  the  hour-index  to 
the  upper  hour  of  12,  fo  fhall  the  globe  be  Redfified  for 
noon  of  that  day  ; and  if  the  globe  be  turned  about 

till  the  hour-index  point  at  any  propofed  hour,  then  is 

the  globe  in  the  real  pofition  of  the  earth  at  thit  time, 
if  the  whole  globe  be  fet  in  the  north  and  fouth  pofi- 
tion by  means  of  the  compafs. 

RECTILINEAL,  Rectilinear,  or  Right  ■lined., 
is  the  quality  or  nature  of  figures  that  are  bounded  by 
right  lines,  or  formed  by  right  lines. 

RECURRING  Series,  is  a feries.confiituted  in  fuch 
a manner,  that  having  taken  at  pleafure  any  number  of 
its  terms,  each  fgllowlng  term  lhall  be  related  to  the  fame 
number  of  preceding  terms  according  to  a conftant  law 
of  relation.  See  Series. 

RED,  in  Phyfics,  or  Optics,  one  of  the  fimple  or 
primary  colours  of  natural  bodies,  or  rather  of  the  rays 
of  light. — The  Red  rays  are  the  lead  refrangible  of  all 
the  rays  of  light.  And  hence,;  as  Newton  fuppofes  the 
■different  degrees  of  refrangibility  to  arife  from  the  differ- 
ent magnitudes  of  the  luminous  particles  of  which  the 
rays  confiff ; therefore  the  Red  rays,  or  Red  light,  is  con- 
cluded to  be  that  which  confifts  of  the  largeft  particles. 
See  Colour  and  Light, 

Authors  diftingulfti  three  general  kinds  of  Red  : 
one  bordering  on  the  blue,  as  colombine,  or  dove-co- 
lour, purple,  and  crimfon  ; another  bordering  on  yel- 
low, as  flame-coloiirand  orange  ; and  between  thefe  ex- 
tremes is  a medium,  which  is  that  which  is  properly 
called  Red. 

REDANS,  orREDANT,  or  Redens,  in  Fortifica- 
tion, is  a kind  of  work  indented  like  the  teeth  of  a 
faw,  with  falient  and  re-entering  angles.;  to  the  end 
that  one  part  may  flank  or  defend  another.  It  is  called 
alfo  faw  work,  and  indented  work. 

Redans  are  often  ufed  in  fortifying  of  walls,  where 
it  Is  not  neceffary  to  be  at  the  expcnce  of  building 
baftions  ; as  when  they  ftand  on  the  fide  of  a river,  or 
a marfh,  or  the  fea,  &c.  But  the  fault  of  fuch  fortifi- 
cation is,  that  the  befiegers  from  one  battery  may  ruin 
both  the  fides  of  the  tenaille  or  front  of  a place,  and 
make  an  affault  without  fear  of  being  enfiladed,  fince 
the  defences  are  ruined. 

The  parapet  of  the  corridor  alfo  is  frequently  Re- 
dented,  or  carried  on  by  the  way  of  Redans. 

REDINTEGRATION,  is  the  taking  or  finding 
the  integral  or  fluent  again,  from  the  fluxion.  See 
Fluxion  and  Fluent. 

REDOUBT,  or  Redoute,  in  Fortification,  a fmall 
fort,  without  any  defence  but  in  front,  ufed  in  trenches, 


lines  of  circiimvallation,  contravallation,  and  approach  ^ 
as  alfo  for  the  lodging  of  corps  de  garde,  and  to  de- 
fend piuTages. 

J Detached  Redoubt,  is  a kind  of  work  refembling 
a ravelin,  with  flanks,,  placed  beyond  the  glacis. — It 
is  made  to  occupy  fome  fpot  of  ground  which  might 
be  advantageous  to  the  befiegers ; and  alfo  to  oblige 
the  enemy  to  open  his  trenches  farther  off  than  he 
would  otherwife  do, 

REDUCING  Scale,  or  Surveying  Scale,  is,  a 
broad,  thin  flip  of  box,  or  ivory,  having  feveral  lines 
and  fcales  of  equal  parts  upon  it ; ufed  by  fiirveyors  for 
turning  chains  and  links  into  roods  and  acres,  by  in- 
fpe6lion.  They  ufe  it  alfo  to  reduce  maps  and 
draughts  from  one  dimenfion  to  another. 

REDUCTION,  in  general,  Is  the  bringing  or 
changing  fomu  thing  to  a different  form,  ftate,  or  ae- 

nomination.  __  ^ ' 

Reduction,  in  Arithmetic,  is  commonly  under- 
flood  of  the  changing  of  money,  weights,  or  mea- 
hires,  to  other  denominations,  of  the  fame  value  ; and 
it  is  of  two  kinds,  Reducllon  Dsfeending,  which  is  the 
changing  a number  to  its  equivalent  value  in  a lower 
denomination  ; as  pounds  into  (hillings  or  pence  : and 
Reduction  Jfeending,  \yhich  .is  the  changing  _ numbers 
to  higher  denominations ; as  pence  to  (hillings  or 
pounds. 

Rule.  To  perform  ReduTion  ; confider  how  many 
of  the  lefs  denomination  make  one  of  the  greater,  as 
how  many  pence  make  a (hilHng,^  or  how  many  (hil- 
lings make  a pound ; and  multiply  by  that  number 
when  the  Reduaion  is  defending,  but  divide  by  it 
when  it  is  afcending.  So  to  reduce  2 2h  into  pence; 
and  converfely  thofe  pencFinto  pounds;  multiply  or  . 
divide  by  12  atid  20,  as  here  below. 


23  /. 

12  ) 5520  d. 

20 

' ~ - 

460  sh» 

20  ) 460  sh, 

12 

23  /. 

Q , 

5520  d. 

Reduction  of  FraBions*  See  i'll  action,  and  De'' 

CIMAL. 

Reduction  of  Equations,  in  Algebra.  See  Eq^ua- 

TION. 

Reduction  of  Curves*  See  Curve. 

Reduction  of  a Figure,  Defign,  or  Draught,  is  the  1 
making  a copy  of  it,  either  larger  or  fmaller  than  the  1 
original,  but  ftili  preferving  the  form  and  propor- 
tion. 

Figures  and  plans  are  reduced,  and  copied,  in  various 
wmys  ; as  by  the  Pentagraph,  and  Proportional  com- 
paffes.  See  Pentagraph,  and  Proportional  Com- 
passes. The  beft  of  the  other  methods  of  reducing 
are  as  below. 

T 0 reduce  a Simple  ReBiUnear  Figure  hy  Lines, 

Pitch  upon  a point  P any  where  about  the  given  fi- 
gure ABCDE,  either  within  it,  or  without  it,  or  in. 
one  fide  or  angle  ; but  near  the  middle  is  beft.  From 

that  point  P draw  lines  through  all  the  angles;  upon  one 
^ Qt 
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of  vvliich  take  Va  to  PA  in  the  propofed  proportion 
of  the  fcales,  or  linear  dlmeniions  ; then  draw  ah  pa- 
rallel to  AB,  be  to  BC,  &c  ; fo  fiiall  abode  be  the  re- 
duced figure  fought,  either  greater  or  fmaller  than  the 
original. 


To  Reduce  a Figure  by  a Scale, — Meafure  all  the 
' fides,  and  diagonals,  of  the  figure,  as  ABODE,  by  a 
fcale  ; and  lay  down  the  lame  meafures  refpedlively, 
. from  another  fcale,  in  the  proportion  required. 

To  Reduce  a Map,  Defigiiy  or  Figure^  by  Squares.-—^ 

■ Divide  the  original  into  a number  of  little  Iquares ; 

. and  divide  a frcfii  paper,  of  tjie  dlmeniions  required, 
into  the  fame  number  of  other  fquares,  either  greater 
or  fmaller  as  required.  This  done,  in  every  fquare  of 
the  fecond  figure,  draw  what  is  found  in  the  corre- 
fponding  fquare  of  the  firft  or  original  figure. 

The  crofs  lines  forming  thefe  fquares,  may  be  drawn 
with  a pencil,  and  thefe  rubbed  out  again  after  the 
work  is  finifhed.  But  a more  ready  and  convenient 
v/ay,  efpecially  when  fuch  Redudlions  are  often  wanted, 
would  be  to  keep  alway’S  at  hand  frames  of  fquares 
ready  made,  of  feveral  fizes  ; for  by  only  juif  laying 
them  down  upon  the  papers,  the  correfponding  parts 
may  be  readily  copied.  Thefe  frames  may  be  made  of 
four  ftiff  or  inflexible  bars,  ilrung  acrofs  with  horfe 
hair's,  or  fine  catgut. 

Reduction  to  the  Ecliptic^  in  Aftronomy,  is  the 
, difference  between  the  argument 
of  latitude,  as  NP,  and  an  arc 
of  the  ecliptic  NR,  intercepted 
between  the  place  of  a planet, 

: and  the  node. — To  find  this  Re- 
. dudlion,  or  difference  ; in  the 
right-angled  fpherical  triangle 
. NPR,  are  given  the  angle  of 
inclination,  and  the  ai'gument  of 
, latitude  NP  ; to  find  NR  ; then 
the  difference  between  NP  and  NR  Is  the  Redu6fIon 
fought. 

REDUNDANT  Hyperbola^  is  a curve  of  the  higher 
kind,  fo  called  becaufe  it  exceeds  the  conical  hyper- 
bola In  the  number  of  legs  ; being  a triple  hyperbola, 
with  6 hyperbolic  legs.  See  Newton’s  Enum.  Lin. 
tertii  Ordinis,  nomtna  formarum,  &:c. 

RE-ENTERING  Angle^  in  Fortification,  is  an  an- 
gle w'hofe  point  is  turned  inwards,  or  towards  the 
place. 

REFLECTED  Ray^  or  Vifton,^  is  that  which  is 
made  by  the  refledtion  of  light,  or  by  light  flrff  re- 


ceived upon  the  fur  face  of  fome  body,  and  thence  re- 
fledfed  again.  See  Ray,  Vision,  and  Reflec- 
tion, 

REFLECTING,  or  Reflexive,  Dialy  is  a kind 
of  dial  which  fhews  the  hour  by  means  of  a thin  piece 
of  looking-glafs  plate,  duly  placed  to  throw  the  fun’s 
rays  to  the  top  of  a deling,  on  which  the  hour-lines 
.are  drawn. 

REFLECTION,  or  Reflexion,  in  hlechanics,  is 
the  return,  orregreflive  motion  ot  a moveable  body,  oc- 
cafioned  by  the  refifianceof  another  body,  which  hin- 
ders it  from  purfuing  its  former  courfe  of  direction. 

Refledtion  is  conceived,  by  the  lateft  and  beft  au- 
thors, as  a motion  peculiar  to  elaffic  bodies,  by  which, 
after  ftriking  on  others  which  they  cannot  remove, 
they  recede,  or  -turn  back,  or  afidc,  by  their  elaffic 
powder. 

On  this  principle  it  isafferted,  that  there  may  be, 
and  is,  a period  of  left  between  the  incidence  and  the 
vefledlion  j fince  the  reflected  motion  is  not  a conti- 
nuation of  the  other,  but  a new  motion,  arifing  from  a 
new  caufe  or  principle,  viz,  the  power  of  elafllcity. 

- It  is  one  of  the  great  laws  of  Refledtion,  that  the 
angle  of  incidence  is  equal  to  the  angle  of  Refledtion  ; 
i.  c.  that  the  angle  which  the  diredtion  of  motion  of  a 
ftriking  body  makes  with  the  furface  of  the  body 
{truck,  is  equal  to  the  angle  made  between  the  fame 
furface  and  the  diredtion  of  motion  after  the  ffroke. 
See  Incidence  and  Percussion. 

Reflection  of  the  Rays  of  Light y like  that  of  other 
bodies,  is  their  motion  after  being  refledled  from  the 
furfaces  of  bodies. 

The  Refledtion  of  the  rays  of  light  from  the  furfaces. 
of  bodies,  is  the  means  by  which  thofe  bodies  become 
vlfible.  And  the  dlfpofition  of  bodies  to  refledt  this 
or  that  kind  of  rays  moft  copioufly,  Is  the  caufe  of 
their  being  of  this  or  that  colour.  Alfo,  the  Refledtion 
of  light,  from  the  furfaces  of  mirrors,  makes  the  iub» 
jedt  of  catoptrics. 

The  Refledtion  of  light,  Newton  has  fliewn,  is  not 
effedted.  by  the  rays  ftriking  on  the  very  parts  of  the 
bodies  ; but  by  lome  power  of  the  body  equally  diffufed 
throughout  Its  whole  furface,  by  wdiich  it  atts  upon  the 
ray,attra6f  ing  or  repelling  it  without  any  real  immediate 
contact,  I'his  power  he  alfo  fhews  is  the  fame  by  which, 
in  other  circumflances,  the  rays  are  refradted  ; and  by 
which  they  are  at  firft  emitted  from  the  lucid  body. 

Dr.  Priellley  fays,  It  is  not  more  probable,  that  the 
rays  of  light  are  tranfmitted  from  the  fun,  with  an  uni- 
form dlfpofition  to  be  refledled  o^refradlcd,  according  to 
the  circuinftances  of  the  bodies  on  which  they  impinge  ; 
and  that  the  tranfmiffion  of  ferae  of  the  rays,  appa- 
rently under  the  fame  circumflances,  with  others  that 
are  refledled,  is  owing  to  the  minute  vibrations  of  the 
fmall  parts  of  the  furfaces  of  the  mediums  through  which 
the  rays  pafs ; vibrations  that  are  Independent  of  ac- 
tion and  rcadliou  between  the  bodies  and  the  particles 
of  light  at  the  time  of  their  Impinging,  though  proba- 
bly excited  by  the  adtion  of  preceding  rays.  Hill,  of 
Light  and  Colours,  pa.  309. 

Newton  concludes  his  account  of  the  Refledllon  of 
light  with  obfervlng,  that  if  light  be  refledled  not  by 
impinging  on  the  lolid  parts  of  bodies,  but  by  fome 
other  principle,  it  is  probable  that  as  many  of  its 

lays 
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rays  as  impinge  on  tlie  folld  parts  of'bodies  are  not  re- 
fledledj  but  [tided  and  loft  in  the  bodies.  Otherwile,  he 
fays,  we  mnft  fuppofe  two  kinds  of  Pv,efle(flion  : for 
fuoiild  all  the  rays  be  refiedted  w’hich  impinge  on  the 
internal  parts  of  clear  water  or  cryfta],  thofe  fubdances 
would  rather  have  a cloudy  colour,  than  a clear  tranf- 
■parency.  To  make  bodies  look  black,  it  is  necefiary 
that  many  rays  be  flopped,  retained  and  loft  in  tliem  .; 
■and  it  does  not  feem  probable  that  any  ray-s  can  be  Hop- 
ped and  ftided  in  them,  which  do  not  impinge  on 
‘their  parts  : and  hence,  he  fays,  we  may  underftand, 
that  bodies  are  much  more  rare  and  porous  than  is 
■commonly  believed.  However,  M.  Bouguer  difputes 
the  fadt  of  light  being  iUiied  or  loft  by  impinging  on 
the  folid  parts  of  bodies^ 

Reflection,  in  Catoptrics,  is  the  return  of  a 
ray  of  light  from  the  poliflied  furface  of  a fpeculum  or 
.mirror,  as  driven  thence  by  fome  power  re fiding  in  it. 

The  ray  thus  returned  is  called  a rejiex  or  rcflttled 
■ray^  or  a ray  of  RejleBion  ; and  the  point  of  the  fpeculum 
where  the  ray  commences,  is 
called  the  point  of  ReJIeBiotu 
Thus,  the  ray  AB,  proceed- 
ing from  the  -radiant  A,  and 
ftriking  on  the  point  of  the 
■fpeculum  B.,  being  returned 
thence  to  C,  BCrcprefents  the 
refledled  ray,  and  B the  point 
of  Refledlion  ; in  refpedf  of  which,  AB  reprefents  the 
incident  ray,  or  ray  of  incidence,  and  B the  point  of 
incidence  ; alfo  the  angle  CBE  is  the  angle  of  Reflec- 
tion, and  ABD  the  angle  of  incidence  ; where  HE  is 
the  refledling  furface,  or  at  leaft  a tangent  to  it  at  the 
point  B.  Though  fome  count  the  angle  of  incidence 
and  of  Refledtion  from  the  perpendicular  BF. 

General  Lmus  of  Reflection. — i.  When  a ray  of 
light  IS  rtfcdcd  from  a fpeculum  of  any  form,  the  angle  of 
incidence  is  always  equal  to  the  angle  of  Refledlion.  This 
law  obtains  in  the  percuffions  of  all  kinds  of  bodies  ; 
and  -confequently  muft  do  fo  in  thofe  of  light  ; and 
the  proof  of  it  may  be  feen  at  the  article  Inci- 
dence. 

This  law  is  conflrmed  alio  by  experiments  on  all 
bodies;  and  on  the  lays  of  light  in  this  manner  : A 
ray  from  the  fun  falling  on  a mirror,  in  a dark  room, 
through  a fmall  hole,  you  will  have  the  pleafure  to  fee 
it  rebound,  fo  as  to  make  the  angle  of  Refledtion  equal 
to  the  angle  of  incidence.  And  the  fame  may  be 
ihewn  in  various  other  ways.:  thus  ex.  gr.  placing 
,a  lemicirclc  DFE  on  a mirror  DE,  its  centre  on  B,  and 
its  limb  or  plane  pei^endicular  to  the  fpeculum  ; and 
afiTuming  equal  arcs  DO  and  E H ; place  an  objedl  in 
A,  and  the  eye  in  C ; then  will  the  objedf  be  feen  by 
a ray  refledled  from  the  point  B..  But  by  covering  B, 
the  objedl  will  ceafe  to  be  feen. 

[I.  Every  point  of  a fpeculum  reJieBs  rays  falling  on 
it,  from  every  part  of  an  ohjeB, 

III.  If  the  eye  C .and  the  radiant  point  A change 
places,  the  point  nvill  continue  to  radiate  upon  the  eye^  in  the 
fame  courfe  nr  path  as  before, 

e of  Rifletlion  is  perpendicular  to  the  fur~ 
um  j and  it  pajjes'  through  the  centre  in 

of  the  Moon,  is  a term  ufed  by  fome 
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IV.  The  plan, 
face  of  the  fpecul 
fpherical  fpccida. 
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authors  for  wbat  is  otherwife  called  hermariatlon  ; being 
the  3d  inequality  in  her  motion,  by  which  her  true 
place  out  of  the  quadratures  differs  from  her  place 
twice  equated. 

Reflection  is  alfo  ufed  in  the  Copernican  fyfterQ, 
for  the  diftance  of  the  pole  from  the  horizon  of  the 
dife;  which  is  the  fame  thing  as  the  fun’s  declinatioi^ 
in  the  Ptolomaic  fyftem. 

REFLECl'OIRE  Cueve.  See  RcdeBolre  Cxjrte, 
REFLEXIBTLITY  of  the  rays  of  light,  is  that 
property  by  which  they  are  dlfpoied  -to  be  refledled. 
Or,  it  is  their  difpofition  to  be  turned  back  into  the 
fame  medium,  from  any  other  medium  on  whofe  furface 
they  fall.  Hence  thofe  rays  are  faid  to  be  more-or  lefs 
reflexible,  which  are  returned  back  more  or  lefs  eafily 
under  the  fame  .incidence.  Thus,  if  light  pafs  out 
of  glafs  into  air,  and  by  being  inclined  more  and  more 
to  the  common  furface  of  the  glafs  and  air,  begins  at 
length  to  be  totally  refledled  by  that  furface,  thofe 
forts  of  rays  which  at  like  incidences  are  refledled  moft 
copioiifly,  or  the  rays  which  by  being  inclined  begin 
fooneft  to  be  totally  refledled,  are  the  moft  reflexible 
rays. 

That  rays  of  light  are  of  different  colours,  and  en- 
dued with  different  degrees  of  reflexibility,  was  firft 
diicovered  by  Sir  I.  Newton  ; and  it  is  fhewn  by  th-e 
following  experiment,  Applying  a prifm  DEE  to 


tbe  aperture  G of  a darkened  room  in  fuch  manner  that 
the  light  be  refledled  from  the  bafe  in  G ; the  violet 
rays  are  feen  firfl  refledled  intoHG;  the  other  rays  conti- 
nuing flili  refradled  to  I and  K.  After  the  violet,  the 

blue  are  all  refledled  ; then  the  green,  &c. Hence 

it  appears,  that  the  differently  coloured  rays  differ  in 
degree  of  Reflexibility.  And  from  other  experiments 
it  appears,  that  thofe  rays  which  are  moil  reflexible, 
are  alfo  moft  refrangible. 

REFLUX  of  the  Sea,  is  the  ebbing  of  the  water, 
or  its  return  from  the  ftiore  ; being  fo  called,  be- 
caufe  it  is  the  oppofite  motion  to  the  flood  or  flux. 
Sec  Tide. 

REP  i\  ACT  EH  Angle,  ox  Angle  of  RefraBion,  in 
Optics,  is  the  angle  M'hich  the  reiradted  ray  makes  with 
the  refradling  furface  ; or  foraetimes  it  denotes  the 
complement  of  that,  or  the  angle  it  makes  with  the 
perpendicular  to  the  faid  furface. 

Refracted  Dials,  or  RefraBuig  Dials,  are  fuch  as 
fliew  the  hour  by  means  of  fome  refradting  tranfpareiit 
fluid. 

Refracted  Ray,  or  Ray  of  Refraction,  is  a 

ray 
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fsy  aftei*  it  is  broken  or  bent,  at  the  common  fur- 
face  of  two  different  mediums,  where  it  paffes  from 
the  one  into  the  other..  See  Ray,  and  Refrac- 
tion. 

REFRACTION,  in  Mechanics,  is  the  deviation  of 
a moving  body  from  its  diredt  courfe,  by  reafon  of 
the  different  denfity  of  the  medium  it  moves  in  ; or  a 
flexion  and  change  of  determination,  occafioned  by  a 
body^s  paffing  obliquely  out  of  one  medium  Into  another 
©f  a different  denfity. 


Thus  a ball  A,  moving  in  the  air  in  the  line  AR,and 
billing  obliquely  on  the  furface  of  the  water  CD,  does 
not  proceed  Itraight  in  the  fame  direction,  as  to  E, 
But  deviates  or  is  deflected  to  F.  Again,  if  the  ball 
move  in  water  in  the  line  AB,  and  fall  obliquely  on  a 
furface  of  air  CD  ; it  will  in  this  cafe  alfo  deviate  from 
the  fame  continued  direction  BE,  but  now  the  con* 
trary  way,  and  will  go  to  G,  on  the  other  fide  of  it. 
Now  the  deflcClion  in  either  cafe  is  called  the 
fradioHy  the  Refraction  being  towards  the  denfer 
furface  BD  in  the  former  cale,  but  from  it  in  the 
latter. 

Thefe  Refra61;ions  are  fuppofed  to  arife  from  hence  ; 
that  the  ball  arriving  at  B,  in  the  firfl  cafe  finds  more 
refiftance  or  oppofitlon  on  the  one  fide  O,  or  from  the 
fide  of  the  water,  than  it  did  from  the  fide  P,  or  that 
of  the  air  ; and  in  ^ the  latter  more  refiftance  from  the 
fide  P,  which  Is  now  the  fide  of  the  water,  than  the 
fide  O,  which  is  that  of  the  air.  And  fo  for  any  other 
different  media  : a vifible  Inftanceof  which  Is  often  per- 
ceived in  the  falling  of  <hot  or  ftiells  into  the  earth,  as 
clay  &c,  when  the  perforation  is  found  to  rife  a little 
upwards,  toward  the  furface.  However  another  rea- 
fon is  afiigned  for  the  Refradlion  of  the  rays  of 
light,  whofe  Refradlions  he  tlie  contrary  way  to  thofe 
above,  as  will  be  feen  in  what  follows,  viz,  that  water 
by  its  greater  attradfion  accelerates  the  motion  of  the 
rays  of  light  more  than  air  does. 

Refraction  oj'  in  Optics,  is  an  inflcdLion 

or  deviation  of  the  rays  from  their  redfllinear  courfe  on 
pafiing  obliquely  out  of  one  medium  into  another,  of 
a different  denfity. 

That  a body  may  be  refradled,  it  Is  neceffary  that 
it  fhould  fall  obliquely  on  the  fecond  medium  : in  per- 
pendicular Incidence  tliere  is  no  Refradlion.  Yet 
Vofeius  and  Sneihus  imagined  they  had  obferved  a 
perpendicular  ray  of  light  undergo  a Refradtion  ; a per- 
pendicular objedt  appearing  in  the  water  nearer  than  It 
really  was  ■.  but  this  was  attributing  that  to  a Refrac- 
.tion  of  the  perpendicular  rays,  which,  was  owing  .to 
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the  divergency  of  the  oblique  rays  after  refradflon,- 
from  a nearer  point.  Yet  there  is  a manifeft  Refradtioa 
even  of  perpendicular  rays  found  in  ifland  cryftal. 

Rohault  adds,  that  though  an  oblique  incidence  be 
neetfiary  in  all  other  mediums  we  know  of,  yet  the  ob- 
liquity muft  not  exceed  a certain  degree  ; if  it  do,  the 
body  wdll  not  penetrate  the  medium,  but  will  be  re- 
fledted  inftead  of  being  refradied.  Thus,  cannon-balls, 
in  fea  engagements,  falling  very  obliquely  on  the  fur- 
face of  the  water,  are  obferved  to  bound  or  rife  from 
it,,  and  to  fweep  the  men  from  off  the  enemy’s  decks. 
And  the  fame  thing  happens  to  the  little  ftones  with 
which  children  make  their  ducks  and  drakes  along  the 
furface  of  the  water. 

The  ancients  confounded  Refradlion  with  Refledtion  ; 
and  it  was  Newton  who  ftril:  taimdit  the  true  difference 

O 

between  them.  Pie  fhews  liowever  that  there  is  a good 
deal  of  analogy  between  them,  and  particularly  in  the 
cafe  of  li^ht. 

The  laws  of  Refradtion  of  the  rays  of  light  in  me- 
diums differently  terminated,  i.  e.  whofe  furfaces  are 
plane,  concave,  and  convex,  make  the  fubjedl  of  Diop- 
trics.— By  Ricfradtion  It  is,  that  convex  glaffes,  or 
lenfes,  colitft  the  rays,  magnify  objedts,  burn,  See  ; 
and  hence  the  foundation  of  microfeopes,  telefcopcs,- 
Sec. — And  by  Refradtion  it  is,  that  all  remote  objedts 
are  feen  out  of  their  real  places  particularly,  that  the 
heavenly  bodies  are  apparently  higher  than  they  are  in 
reality.  The  Refraction  of  the  air  has  many  times  fo 
uncertain  an  influence  on  the  places  of  celellial  objedts, 
near  the  horizon,  that  wherever  Refradtion  is  concern- 
ed, the  concliifions  deduced  from  obfervations  that  are 
much  affedted  by  it,  will  always  remain  doubtful,  and 
fometimes  too  precarious  to  be  relied  on.  See  Dr, 
Bradley  in  Philof.  Tranf.  number  489. 

As  to  the  caufe  of  Refradtion,  it  does  not  appear' 
that  any  perfon  before  Des  Cartes  attempted  to  explain  - 
it  ; this  he  undertook  to  do  by  the  refolution  of  forces, 
on  the  principles  of  mechanics  ; in  confequence  of 
which,  lie  was  obliged  to  fuppofe  that  light  paffes  ^ 
with  more  eafe  throimh  a denie  medium  than  a rare 

O ^ ^ 

one  : thus,  the  ray  AC  falling  obliquely  on  a den- 
fer medium  at  C is  fuppofed  to  be  acted  on  By  two 

forces,  one  of  them  finpelling  it  in  the  direction  AL,  - 
and  the  other  in  AK,  which  alone  can  be  affedted  by 
the  change  of  medium  i and  lince,  after  the  ray  has 
entered  the  denfer  medium,  it  approaches  the  perpen- 
dicular Cl,  It  is  plain  that  tin’s  force  muft  have  re- 
ceived ail  increafe,  whilft  the  other  continued  the 

fame. 

The  firft  perfon  who  queftloned  the  truth- of  this  ex- 
planation of  the  caufe  of  Refradtion, . was-Fermat ; he 
iiffertetl,  contrary  to  Des  Cartes,  that  light  fnflt rs - 
greater  refiftance  In  water  than  in  air,  and  greater  in 
glafs  than  in  water  ; and  he  maintained  that  the  re- 
fiftance of  different  mediums,  with  refpedt  to  light,  is  - 
in  proportion  to  their  denfitits.  Leibnitz  alfo  adopted' 
the  fame  general  idea;  and  theyreafoned  upon  the  fub- 
jedt  in  the  following  manner.  N.ature,  fay  they,  ac* 
complilhes  her  ends  by  the  fhorteft  methods  ; and  there- 
fore light  ought  to  pafs  from  one  point  to  another, 
either  by  the  iliorteft  courfe,  or  by  that  in  which  the 
leaft  time  is  required.  But  it  is  plain  that  the  path  iir 
which  light  paffes,  when  it  falls  obliquely  upon  a deu- 
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fer  rnedium,  is  Rot  the  mod  diredi;  or  the  fliortefi:  ; 
and  therefore  it  mull  be  that-  in  which  the  ieafl:  time  is 
fpento  A.nd  whereas  it  is  dcmondrabie,  that  light  fall- 
ing obliquely  upon  a denfer  medium  (in  order  to  take 
up  the  lead  time  poffible,  in  palling*  from  a point  in  one 
' medium  to  a point  in  the  other)  mull  be  refrafted  in 
fuch  a manner,  that  the  fine  of  the  angles  of  incidence 
and  Refraflion  niufl  be  to  one  another,  as  the  different 
facilities  with  which  light  is  tranfinitted  in  thofe  me-- 
diums;  it  follows  that,  fince  light  approaches  the  per- 
pendicular when  it  pafTes  obliquely  from  air  into  water, 
the  facility  with  which  water  fidfers  light  to  pals 
through  it,  is  lefs  than  that  of  the  air  ; fo  that  the  light 
meets  with  greater  refidance  in  water  than  in  air. 

This  method  of  arguing  from  final  caufes  could  not 
fatisfy  philofophers.  Dr.  Smith  obferves,  that  it 
agrees  only  to  the  cafe  of  Refradlion  at  a plane 
fnrface  ; and  that  the  liypothefis  is  altogether  arbi- 
trary. 

Dechales,  in  explaining  the  law  of  Refraftion,  fup- 
pofes  that  every  tay  of  light  is  compo/ed  of  feveral 
fmaller  rays,  which  adhere  to  one  another ; and  that 
they  arerefradled  towards  the  perpendicular,  in  paffing 
into  a denfer  medium,  becaufir  one  part  of  the  ray 
meets  w'ith  more  refiftance  than  anothoi*  part ; fo  that 
the  former  traverfes  a fmaller  fpacc  than  tlie  latter  ; in 
confequence  of  which  the  ray  mail  neceffarily  bend  a 
little  towards  the  perpendicular.  This  hypothefis  was 
adopted  by  the  celebrated  Dr.  Barrow,  and  indeed  fome 
fay,  he  was  the  author. of  it.  On  this  hypothefis  it  is 
plain,  that  mediums  of  a greater  refradlive  power,  muft 
give  a greater  refiftance  to  the  paffage  of  the  rays 
of  light,  than  mediums  of  a lefs  refradtive  power; 
which  is  contrary  to  fadl. 

The  Bernoullis,  both  father  and  fon,  have  attempted 
to  explain  the  caufe  of  Refradlion  on  mechanical  prin- 
ciples ; the  former  on  the  equilibrium  of  forces,  and 
the  latter  on  the  fame  principles  with  the  fuppofition  of 
etheriai  vortices  : but  neither  of  thefe  hypothefes  have 
gained  much  credit. 

M.  Mairan  fiippofes  a fuhtle  fluid,  filling  the  pores 
of  all  bodies,  and  extending,  like  an  atmofphere,  to 
a fmall  diflance  beyond  their  furfaces  ; and  then  he  fup- 
pofes  that  the  Refradlion  of  light  is  nothing  more  than 
a neceffary  and  mechanical  effedl  of  the  incidence  of  a 
fmall  body  in  thofe  circumflances.  There  is -more,  he 
fays,  of  the  refradling  fluid,  in  water  than  in  air,  more 
in  glafs  than  in  water,  and  in  general  more  in  a denfe 
medium  than  in  one  that  is  rarer. 

Maupertuis  fiippofes  that  the  courfe  which  every  ray 
takes,  in  paffing  out  of  one  medium  into  another,  is 
that  which  requires  the  leak  quantity  of  adlion,  which 
depends  upon  the  velocity  of  the  body  and  the  fpace  it 
pafTes  over;  fo  that  It  is  in  proportion  to  the  fum  of 
the  produfts  arifing  from  the  fpaces  multiplied  by  the 
velocities  with  which  bodies  pafs  over  tliem.  From 
this  principle  he  deduces  the  neceffity  of  the  fine  of  the 
angle  of  Incidence  being  in  a conflant  proportion  to 


that  of  Refradlion  ; and  alfo  all  the  other  laws  relating 


to  the  propagation  and  refledlion  of  light. 

Dr.  Smith  (in  his  Op  tics,  Remarks,  p.  70)  ob- 
ferves, that  all  other  theories  for  explaining  the  reflec- 
tion and  Refradlion  of  light,  except  that  of  Newton, 
fuppofe  that  it  flrikes  upon  bodies  and  is  refilled  by 
6 


them  ; which  has  never  been  proved  by  any  dedudlion 
from  experience.  On  the  contrary,  it  appears  by  vari- 
ous confidcrations,  and'might  be  fnewn  by  the.obferva- 
tions  of  Mr.  Molyneiix  and  Dr.  Bradley  on  the  paral- 
lax of  the  fixed  flats,  that  their  rays  are  not  at  all  im- 
peded by  the  rapid  motion  of  the  earth’s  atmofphere, 
nor  by  the  objedl  glafs  of  the  telefcope,  through  which 
they  pafs.  And  by  Newton’s  theory  of  E^efradlion, 
which  is  grounded  on  experience  only,  it  appears  that 
light  is  fo  far  from  being  refiiled  and  retaided  by  Re- 
fradlion into  any  denfe  medium,  that  it  is  fwifrer  there 
than  in  vacuo  in  the  ratio  of  the  fine  of  incidence 
in  vacuo  to  the  fine  of  R^Dadlion  into  the  denfe  medi- 
um. Prieftley’s  Hift.  of  Light,  &c,  p.  102  and  333.  , 

Newton  fhews  that  the  Refradlion  of  light  is  not 
performed  by  the  rays  falling  on  the  very  lurface  of 
bodies;  but  "that  it  is  effedled,  without  any  conca6l, 
by'the  adlion  of  fome  power  belonging  to  bodies,  and 
extending  to  a certain  diflance  beyond  their  futlaces  ; 
by  which  fume  power,  adliug  in  other  circumflances, 
they  are  alfo  emitted  and  refiedled. 

The  manner  in  which  Refradlion  is  performed  by 
mere  attradlion,  .vrithout  contact,  may  be  thus  ac- 
, counted  for  : Suppofe  FlI  the  boundary  of  two  medi- 
O : the  fir ft 


urns,  N and 


ex. 


gr. 


air 


the  rarer, 
the  fecond  the  denfer,  ex. 
gr.  glafs  ; the  attradlion 
of  the  mediums  here  will 
be  as  their  denfities. 
pofe  p S to  be  the 
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tance  to  which  the  at- 
tradling  force  of  the  den- 
fer medium  exerts  itfelf 
w'ithin  the  rarer.  Now 
let  a ray  of  light  Ka  fall  obliquely  on  the  furface  which 
feparates  the  mediums,  or  rather  on  the  furface  pS, 
where  the  adlion  of  the  fecond  and  more  refilling  me- 
dium commences  : as  the  ray  arrives  at  it  will  begin 
^to  be  turned  cut  of  its  redlilinear  courfe  by  a fuperior 
force,  with  which  it  is  attradled  by  the  medium  O, 
more  than  by  the  medium  N ; hence  the  ray  is  bent  out 
of  its  right  line  in  every  point  of  Its  paffage  between 
pS  and  RT,  within  which  diflance  the  attradlion  adls  ; 
and  therefore  between  thefe  lines  it  defcribes  a curve 
aPib  ; but  beyond  RT,  being  out  of  the  fphere  of  at- 
tradlion of  the  medium  N,  it  will  proceed  uniformly  in 
a right  line,  according  to  the  diredlion  of  the  curve  in 
the  point  b. 

Again,  fuppofe  N the  denfer  and  more  attradling 
medium,  O thcFarer,  and  HI  the  boundary  as  before; 
and  let  RT  be  the  diflance  to  which  the  denfer  medium 
exerts  its  attradlive  force  within  the  rarer  : even  when 
the  ray  has  paffed  the  point  B,  it  will  be  within  the 
fphere  of  the  fuperior  attra<9:ion  of  the  denfer  medi- 
um ; but  that  attradlion  adting  in  lines  perpendicular 
to  its  furface,  the  ray  will  be  continually  drawn  from 
its  ftraiglit  courfe  BM  perpendicularly  towards  HI: 
thus,  having  two  forces  or  diredlions,  it  will  have  a 
compound  motion,  by  which,  irifteed  of  BM,  it  will 


deferibe  Bw,  which  Bw  will  In  flvidlnefs  be  a curve. 


Daftly,  after  it  has  arrived  at  w,  being  out  of  the  In- 
fluence of  the  medium  N,  It  will  perfift  uniformly,  in 
a right  line,  in  the  diredlion  in  which  the  extremity  of 
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the  curve  leaves  it. — Thus  we  fee  how  Refraftion 
is  performed,  both  towards  the  perpendicular  DE, 
and  from  it. 

Refraction  in  Z)wJ>(ncSfis  the  inflexion  orbcndinfr 
of  the  rays  of  light,  in  pafiing  the  fur  faces  of  glalfes, 
lenfes,  and  other  tranfparent  bodies  of  different  denfi- 
ties.  Thus,  a ray,  as  AB,  falling  obliquely  from  the 
radiant  A,  upon  a point  B,  in  a diaphanous  furface 
HI,  rarer  or  denfer  than  the  medium  along  which  it 
was  propagated  from  the  radiant,  has  its  diredlion  there 
altered  by  the  adlion  of  the  new  medium  ; and 
inftead  of  proceeding  to  M,  it  deviates,  as  for  ex. 
to  C. 

This  deviation  is  called  the  Refradion  of  thz  rav  ; 
BC  the  refraded  roy,  or  line  of  Refradion  ; and  B the 
fioint  of  RefradiQn.-*-'X\it  line  AB  is  alfo  called  the 
line  of  incidence  ; and  in  refpedt  of  it,  B is  alfo  called 
X[\z  point  of  incidence.  The  plane'  in  which  both  the 
incident  and  refrafted  ray  are  found,  is  called  \\\^  plane 
of  Refradion  \ alio  a right  line  BE  drawn  in  the  re- 
fracting medium  perpendicular  to  the  refracting  furface 
at  the  point  of  RefraCtion  B,  is  called  the  axis  of  Re- 
fradion ; and  its  continuation  DB  along  the  medium 
through  wdiich  tlie  ray  falls,  is  called  the  axis  of  inci- 
dence.— Farther,  the  angle  ABI,  made  by  the  Incident 
ray  and  the  relraCting  furface,  is  ufually  called  the 
angle  of  Incidence  ; and  the  angle  ABD,  between  the 
incident  ray  and  the  axis  of  incidence,  is  the  angle  of 
inclination.  Moreover,  the  angle  MfeC,  between  the 
refraCted  and  incident  rays.  Is  called  the  angle  of  Refrac- 
tion] and  the  angle  CBE,  between  the  rcfiaCted  ray 
and  the  axis  of  RefraClion,  is  the  refradecl  angle.  But 
it  Is  alfo  very  common  to  call  the  angles  ABD  and 
CBE  made  by  the  perpendicular  with  the  Incident  and 
refracted  rays,  the  angles  of  incidence  and  Refrac' 
ticn. 

General  Lanvs  of  Refraction. — I.  A ray  of  light 
in  its paffage  out  oj  a rarer  medium  into  a deifer.)  cx.  gr. 
out  oj  air  into  <zuater  or  into  glafs,  is  refraded  tonvards 
the  perpendicular,,  i.  e.  to'zvards  the  axis  of  Plefrad:o!U 
Hence,  the  refracted  angle  Is  !efs  than  tlic  angle  of  in- 
clination ; and  the  angle  of  B.efraction  lefs  than  tliat 
of  incidence  ; as  they  would  be  equal  were  the  ray  to 
proceed  fliaight  from  A to  hi. 

II.  ’The  ratio  of  the  fines  of  the  angles  ABD,  CBE, 
made  hy  the  perpendicular  n.uith  the  incident  and  refraded 
rays,,  is  a confant  and  fxed  ratio  ; whatever  be  the  ob- 
liquity of  the  Incident  ray,  the  mediums  remaining. 
Thus,  the  Refraction  out  of  air,  into  water,  is  nearly 
as  4 to  3,  and  into  glafs  it  is  nearly  as  3 to  2.  As  to 
air  in  particular,  it  is  ff  ewn  by  Newton,  that  a ray  of 
light,  in  traverfing  quite  through  tlie  atmofphere,  is 
refradted  the  fame  as  it  would  be,  were  it  to  pafs  with 
the  fame  obliquity  out  of  a vacuum  immediately  into 
afr  of  equal  denfity  with  that  in  the  loweff  part  of  the  ' 
atmofphere. 

The  true  law  of  Rcfraclion  was  f.rll  difeovered  bv 
Willeb  rord  Snell,  profeffor  of  Mathematics  at  Leyden  ; 
who  found  by  experiment  that  the  cofecants  of  the 
angles  of  incidence  and  Refradllon,  are  always  in  the 
fame  ratio.  It  was  commonly  attributed  however  to 
Des  Cartes  ; who,  having  feen  it  in  a MS.  of  SnelBs, 
firft  piibllfhed  it  in  his  Dioptrics,  without  naming 
iinelliu  s,  as  Huvgens  afferts  : Des  Cartes  bavin  a-  onlv 
VoL.  II.  ° ' 


altered  the  form  of  the  law^,  from  the  ratio  of  the 
cofecants,  to  that  of  the  dnes,  which  is  tiie  fame 
thing. 

It  is  to  be  obferved  however,  that  as  the  rays  of 
light  arc  not  all  of  the  fame  degree  of  reffangibiiity, 
this  coudant  ratio  mud  be  different  in  different  kinds; 
fo  that  the  ratio  mentioned  by  authors,  is  to  be  under- 
flood  of  rays  of  the  mean  refrangibility,  i.  e.  of  green 
rays.  I'he  difference  of  RcfiaCtion  between  the  lead 
and  mod  refrangible  rays,  that  is,  between  violet  and  red 
rays,  Newton  fliews,  is  about  the  of  the  whole  Re- 
fraction of  the  mean  refrangible  ; which  difference,  he 
allows,  is  fo  fmail,  that  it  feldom  needs  to  be  re- 
garded. 

Different  tranfparent  fubdances  have  indeed  very  dif- 
ferent degrees  of  RefraClion,  and  ihofc  not  according- 
to  any  regular  law;  as  appears  by  many  experiments 
of  Newton,  Euler,  Hawkfoee,  &c.  See  NewtoaVs 
Optics,  3d  edit.  pa.  247  ; Havvkfbee’s  Expenm. 
pa,  292  ; Ad.  Berlin.  1762,  pa.  302  ; Priedley’s  Hid. 
of  Eight  &c,  pa.  479. 

Whence  the  diderent  refraefive  powers  in  different 
fluids  arife,  has  not  been  determined.  Newton  (hews,  that 
in  many  bodies,  as  glafs,  crydal,  felenites,  pfeudo-topaz, 
S:c,  the  refractive  power  is  indeed  proportionable  to 
their  denfitles  ; whild  in  fulpbureous  bodies,  as  cam- 
phor, linfeed,  and  olive  oil,  am.ber,  fpirit  of  turpen- 
tine, <S:c,  the  power  is  two  or  three  times  greater  than 
in  other  bodies  of  equal  denfity  ; and  yet  even  tbefe 
have  the  ref^idive  power  with  refped  to  each  other, 
nearly  as  their  denfitics.  Water  has  a refradive  power 
in  a medium  degree  between  thofe  two  kinds  of  fub- 
dances  ; whild  falts  and  vitriols  have  refradive  powers 
in  a middle  degree  between  thofe  of  earthy  fubdances 
and  water,  and  accordingly  are  compofed  of  thofe 
two  forts  of  matter.  Spirit  of  wine  has  a refradive 
power  in  a middle  degree  between  thofe  of  water  and 
oily  fubdances  ; and  accordingly  it  feeres  to  be  com- 
polcd  of  both,  united  by  fermentation.  It  appears 
ihcre.ffre,  that  all  bodies  feem  to  have  their  refradive 
pow'ers  nearly  proportional  to  their  denfities,  excepting 
io  far  as  they  partake  more  or  lefs  of  fui[ihuieous  oily 
particles,  by  whicli  thofe  powers  are  altered. 

Newton  fnfpeded  that  different  degrees  of  heat 
might  have  fome  effed  on  the  refradive  power  of  bo- 
dies ; but  his  method  of  determining  the  general  Refrac- 
tion was  not  iulliclently  accurate  to  afcertaln  this  cir- 
ciim dance.  Euler’s  method  however  was  well  adapted 
to  tliis  pnrpole  ; from  his  experiments  he  infers,  that 
the  focal  didance  of  a fingle  lens  of  glafs,  diminiffes 
with  the  heat  communicated  to  it  ; v.-hich  dimiuation 
is  owing  to  a change  in  the  refradive  power  of  the 
glafs  ilfc-lf,  which  is  probably  increafed  by  heat,  and 
diminillicd  by  cold,  as  well  probably  as  lliat  of  all  other 
tranducent  fubdances. 

From  the  law  above  laid  down  it  follows,  that  one 
angle  of  inclination,  and  it-s  corrd ponding  refraded 
angle,  being  found  by  obfei  vation,  the  refraded  angles 
correfponding  to  the  feveral  other  angles  of  inclination 
are  thence  cafily  computed.  Now,  Zahnins  and  Kircher 
have  found,  that  if  the  angle  of  inclination  l)e 
the  refraded  angle,  out  of  air  into  glafs,  will  he  38*=^ 
50'  ; on  which  principle  Zahnins  h.as  condruded  a 
t.able  of  thofe  Refradions  for  the  feveral  dco-recs  of  the 
Y angle 
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angle  of  inclination  ; a fpecimen  of  which  here  fol- 
lows : 


Angie  of  In- 
clination. 

Refradled 

Angle. 

Angle  of  Re- 

0 ^ 

fradlion. 

0 

0 

7 

7] 

0 

/ 

n 

X 

0 

40 

5 

0 

19 

55 

2 

I 

20 

6 

0 

39 

54 

3 

2 

0 

4 

0 

59 

5^  , 

4 

2 

40 

5 

I 

19 

55 

5 

3 

20 

3 

1 

39 

57 

10 

6 

39 

s 6 

3 

20 

44 

20 

13 

1 1 

35 

6 

48 

25 

30 

19 

29 

29 

10 

30 

31 

43 

28 

9 

19 

1 6 

5^ 

41 

90 

4^ 

51 

40 

48 

S 

20 

Hence  it  appears,  that  if  the  angle  of  inclination  be 
Tefs  than  20°,  the  angle  of  Refra6lion  out  of  air  into^ 
glafs  Is  almoft  ^ of  the  angle  of  inclination  and  there- 
fore a ray  is  rcfradfed  to  the  axis  of  Refradlion  by  al- 
moft a third  part  of  the  quantity  of  its  angle  of  incli- 
nation. And  on  this  principle  it  is  that  Kepler,  and 
moft  other  dioptrical  writers,,  demonftrate  the  Refrac- 
tions In  glaffes ; though  in  eftimating  the  law  of  thefe 
Refradlions  he  followed  the  example  of-Alhazen  and' 
Vitello,  and  fought  to  difcover  it  in  the  proportion  of 
the  angles,  and  not  in  that  of  the  fines,  or  cofecants^, 
as  difcovered  by  Snellius,  as  mentioned  above.. 

The  refradlive  powers  of  feveral  fubftances,  as  deter- 
mined by  different  philofophers,  may  be  feen  in  the  fol- 
lowing tables  ; In  which  the  ray  Is  fuppofed  to  pafs  out 
of  air  into  each  of  the  fubftances,  and  the  annexed 
numbers  ftiew  the  proportion  to  unity  or  i,  be- 
tween the  fines  of  the  angles  of  incidence  and  Re- 
hradlion.. 


I,  By  Sir  Ifaac  Newton’s  Obfervations. 


Air 

- 

0-999.7 

Rain  water 

CM- 

i'335^ 

Spirit  of  wine 

m 

I '3698 

Oil  of  vitriol 

“ 

i*4285' 

Alum 

m 

1*4577 

Oil  olive 

- 

1.4666 

Borax 

« ■ 

i’4667 

Gum  Arabic 

- 

1-47  71 

Hinfeed  oil 

- 

1*48 14 

Selenites 

- 

1*4878 

Camphor  » * 

a. 

3 'COOO 

J 

Dantzick  vitriol  4 

e» 

1*5000 

Nitre 

- 

1*3238 

Sal  gem  - - 

- 

1*5455 

Glafs 

- 

I '5500 

Amber 

om 

1-5556 

Rock  cryftal 

g» 

I *3620 

Spirit  of  turpentine 

m 

r.*3623 

A yellow  pfeudo-topaz 

m 

I '6429 

Ifland  cryftal 

o» 

1*6666 

Glafs  of  antimony 

- 

i«8889 

A Diamond 

2*439^ 

Water 

- 

1*3359 

Spirit  of  honey 

•* 

1*3359 

Oil  of  amber  1 

- 

1*3377 

Human  urine 

- 

1*3419 

White  of  aif  egp* 

- 

1-3511 

French  brandy 

- 

1*3625 

Spirit  of  wine 

- 

1*3721 

Diftilled  vinegar  ^ 

ip 

Gum  ammoniac 

OP. 

1*3721 

1*3723- 

Aqua  regia 

- 

1*3898 

Aqua  fortis 

1*4044 

Spirit  of  nitre 

1-4076 

Cryftaliine  humour  of  an  ox’ 

s eye 

1*4635 

Oil  of  vitriol 

a 

2*4262* 

Oil  of  turpentine 

- 

Oil  of  amber 

a 

1*5010 

Oil  of  cloves 

- 

1*5136. 

Oil  of  ciniiamoiii 

i.-5340:> 

3.  By  Mr.  Euler, 

t 

Rain  or  diftilled  water. 

junior. 

i m- 

2*33  5R 

W ell  water. 

I •3362. 

Biftilled  vinegar  - 

m 

1*3442. 

French  wine 

1*3458. 

A folution  of  gum  arabic- 

m 

1*3467 

French  brandy 

- 

I *3600 

Ditto  a ftronger  kind 

- 

1*3618 

Spirit  of  wine  redlifted 

1*3^83 

Ditto  more  highly  redllfied 

a 

1-3706 

White  of  an  egg 

c* . 

1*3685 

Spirit  of  nitre 

m. 

1*4025., 

Oil  of  Provence 

m 

1*4651 

Oil  of  turpentine 

- 

1.*4822 

III.  When  a ray  pajfes  out  of  a deafer  7nedlum  info  cti  ; 
rarer ^ it  is  refraBed  from  the  perpendicular y or  from  the  - 
axis  of  RefraStion, 

This  Is  exadlly  the  reverfe  of  the  2d  law,,  and  the 
quantity  of  Refradtion  is  equal  in  both  cafes,  or  both<  ' 
forwards  and  backwards  ; fo'  that  a ray  would  take  the  1 
fame  courfe  back,  by  which  another  paffed  forward^., 
viz,  if  a ray  would  pafs  from  A by  B to  C,  another  i 
would  pafs  from  C by  B-  to  A.  Hence,  In  this  cafe,, 
the  angle  of  Refradfion  is  greater  than  the  angle  of 
inclination.  Hence  alfo,  if  the  angle  of  Inclination  be 
lefs  than  30°,  MBC  is  nearly  equal  to  f of  MBE  ;•  ’ 
therefore  MBC  Is  of  CBE;  confequently,  if  the  *1 
Refradlion  be  out  of'  glafs  Into  air,  and  the  angle  of 
inclination  lefs  than  30°,  the  ray  is  refradled  from  the 
axis  of  Refradlion  by  almoft  the  half  of  the  angle  of  ; 
Inclination.  And  this  Is  the  other  dioptrical  principle 
ufed  by  moft  authors  after  Kepler,  to  demonftrate  the, 
Refradlions  of  glaiTes. 

If  the  Refradlion  be  out  of  air  into  glafs,  the  ratio, 
of  the  fines  of  inclination  and  Refradlion  is  as  3 to  2,- 
or  more  accurately  as  i 7 to  1 1 ; If  out  of  air  into  water 
as  4 to  3 ; therefore  if  the  courfe  be  the  contrary  way,, 
viz,  out  of  glafs  or  water  into  air,  the  ratio  of  the 
fines  will  be,  In  the  former  cafe  as  2 to  3 or  1 1 to  175,. 
and  in  the  latter  as  3 to  4.  So  that,  if  the  Refradlion 
be  from  water  or  glafs  into  air,  and  the  angle  of  inci- 
dence ■ 
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■■^ence  or  inclination  be  greater  than  about  48 -f-  degrees 
in  water,  or  greater  than  about  40°  in  glafs,  the  ray 
will  not  be  refraclcd  into  air;  but  wdll  be  rehedled  into 
a line  v/hich  makes  the  angle  of  refledtion  equal  to  the 
angle  of  incidence  ; becaiife  the  fines  of  48^  and  40® 
are  to  the  radius,  as  3 to  4,  and  as  1 1 to  17  nearly  ; and 
therefore  when  the  fine  has  a greater  proportion  to  the 
radius  than  as  above,  the  ray  will  not  be  refradled. 

IV.  A rny  falling  on  a curve furface^  nvhether  concave 
or  convex,  is  refratled  after  the  fajne  ma7mer  as  if  if  fell  on 
a plane  n.vhich  is  a tangent  to  the  curve  in  the  point  of  in- 
cjdence.  Becaufe  the  curve  and  its  tangent  have  the 
point  of  contadl  common  to  both,  where  the  ray  is  re- 
fradted. 

Refract  ION  in  Vlanc  Surfaces, 

I.  If  pai-allel  rays,  AB  and  CD,  be  refradled  out  of 
one  tranfparent  medium  into  another  of  a different 
denfity,  they  will  continue  parallel  after  Refradlion,  as 
BE  and  DF.  Hence  a glafs  that  is  plane  on  both  fides, 
being  turned  either  diredlly  or  obliquely  to  the  fun, 
dec,  the  light  palling  through  it  will  be  propagated  in 
the  fame  manner  as  if  the  glafs  were  away. 


2.  If  two  rays  CD  and  CP,  proceeding  from  the 
fame  radiant  C,  and  falling  on  a plane  furface  of  a dif- 
ferent denfity,  fo  that  the  points  of  Refradlion  D and 
P be  equally  dillant  from  the  perpendicular  of  incidence 
GK,  the  refradled  rays  DF  and  PQ^  have  the  fame 

virtual  focus,  or  the  fame  point  of  difperfion  G. 

Hence,  when  refradted  rays,  falling  on  the  eye  placed 
out  of  the  perpendicular  of  incidence,  are  either  equally 
diftant  from  the  perpendicular,  or  very  near  each  other, 
they  will  flow  upon  the  eye  as  if  they  came  to  it  from 
the  point  G ; confcquently  the  point  C will  be  feen  by 
the  refradted  rays  as  in  G.  And  hence  alfo,  ,if  the  eye 
be  placed  in  a denfe  medium,  objedls  in  a rarer  will 
appear  mere  remote  than  they  are  ; and  the  place  of 
the  image,  in  any  cafe,  may  be  determined  from  the 
ratio  of  Refradlion  : Thus,  to  fillies  fwimniing  under 
water,  objedts  out  of  tlie  water  mull  appear  farther 
diflant  than  in  reality  they  are.  But,  on  the  contrary, 
if  the  eye  at  E be  placed  in  a rarer  medium,  then  an 
objedt  G placed  in  a denfer,  appears,  at  C,  nearer  than 
it  is ; and  the  place  of  the  image  may  bo  determined 
in  any  given  caie  by  the  ratio  of  Refradtion  : and  thus 

. the  bottom  of  a velfel  tull  of  water  is  railed  by  Refrac- 
tion a third  part  of  its  depth,  with  refpedt  to  an  eye 
placed  perpendicularly  over  the  refradting  furface  ; and 
thus  alfo  filhes  and  other  bodies,  under  water,  appear 
nearer  than  they  really  are. 

3.  If  the  eye  be  placed  in  a rarer  medium  ; then  an 
qbjedl  feen  in  a denier,  by  a ray  relrad+ed  in  a plane 
furface,  will  appear  larger  than  it  really  is.  But  if  the 
eye  be  in  a denfer  medium,  and  the  objedl  in  a rarer, 


the  objedt  will  appear  lefs  than  it  is.  And,  in  cadi 
cafe,  the  apparent  magnitude  FQjs  to  the  real  one  EH, 
as  the  redangle  CK  • GL  to  GK  * CL,  or  in  the  com- 
pound ratio  of  the  diftance  CK  of  the  point  to  which 
the  rays  tend  before  Refradion,  from  the  refrading 
furface  DP,  to  the  dillance  GK  of  the  eye  from  the 
fame,  and  of  the  dillance  GL  of  the  objed  EH  from 
the  eye,  to  its  diftance  CL  from  the  point  to  which  the 
rays  tend  before  Refradtion. — Hence,  if  the  objed  be 
very  remote,  CL  will  be  phyfically  equal  to  GL  ; and 
then  the  real  magnitude  EL  is  to  the  apparent  magni- 
tude EL,  as  GK  to  CK,  or  as  the  diftance  of  the  eye 
G from  the  refrading  plane,  to  the  diftance  of  the  point 
of  convergence  F from  the  fame  plane.  And  hence 
alfo,  objeds  under  water,  to  an  eye  in  the  air,  appear 
larger  than  tliey  are  ; and  to  filhes  under  water,  objeds 
in  the  air  appear  Icfs  tiian  they  are. 


Laws  of  Refraction  in  Spherical  Sutfaces,  both 
concave  and  convex. 


1.  A ray  of  liglit  DE,  parallel 
to  the  axis,  after  a Angle  refrac- 
tion at  E,  meets  the  axis  in  the 
point  F,  beyond  the  centre 'C. 

2.  Alfo  in  that  cafe,  the  femi- 
diameter  CB  or,  CE  will  be  to  the 
relraded  ray  EF,  as  the  fine  of 
the  angle  of  refradtion  to  the  fine 
of  the  angle  of  inclination  BCE. 

But  the  dillance  of  the  focus,  or 
point  of  concurrence  from  the  cen- 
tre, CF,  IS  to  the  refraded  ray  EF,  as  the  fine  of  the 
refraded  angle  to  the  fine  of  the  angle  of  inclination. 

3.  Hence  alfo,  in  this  cafe,  the  diftance  BF  of  the 
focus  from  the  refrading  furface,  mull  be  to  CF  its 
diftance  from  the  centre,  in  a ratio  greater  than  that 
of  the  fine  of  the  angle  of  inclination  to  the  fine  of 
the  refraded  angle.  But  thofe  ratios  will  be  nearly 
equal  when  the  rays  are  very  near  the  axis,  and  the  angle 
of  inclination  BCE  is  only  of  a few  degrees.  And 
when  the  Refradion  is  out  of  air  into  glafs,  then 


For  rays  near  the  axis, 
BF  : FC  1:3:2, 
BC  : BF  ::  I : Cl. 


Fo  r more  diftant  rays, 
BF  : FC  >-3:2, 
BC  : Bh  <;  1 : 3. 


But  if  the  Refradion  be  out  of  air  into  water,  then 


For  rays  near  the  axis, 
EF  : FC  : : 4 : 3, 
BC  : BF  : : i 14, 


For  more  diftant  rays, 
BF  : FC  >4:3', 
BC  : BF  <1:4. 


Hence,  as  the  fun’s  rays  are  parallel  as  to  fenfe,  if 
they  fall  on  the  furface  of  a folid  glafs  fpherc,  or  of  a 
fphere  full  of  water,  tlicy  will  not  meet  the  axis  within 
the  fphere  ; fo  tliat  Vitcllo  was  miftaken  when  he  ima- 
gined that  the  inn’s  rays,  falling  on  the  furface  of  a 
cryftalline  fpherc,  were  refradted  to  the  centre. 

4.  If  a ray  HE  fall  parallel  to  the  axis  FA,  out  of 
a rarer  medium,  on  the  concave  fpherical  furface  BE  of 
a denfer  one  ; the  refradted  ray  EN  will  diverge  from 
the  point  of  the  axis  F,  fo  that  FE  will  be  to  FC,  in 
tlie  ratio  of  the  fine  of  the  angle  of  inclination,  to  the 
fine  of  the  refraded  angle.  Confequently  FB  to  FC 
is  in  a greater  ratio  than  that  ; unlcfs  when  the  rays 
are  very  near  the  axis,  and  the  angle  BCE  is  very  fmall, 
Y y 2 for 
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for  then  FB  will  be  to  FC  nearly  in  that  ratio.  And 
h’ence,  in  the  cafes  of  Refraftioii  out  of  air  into  water 
or  glafs,  the  ratios  of  BC,  BF  and  CF,  will  be  the 
fame  as  fpecified  in  the  laft  article. 

5.  [fa  ray  DE,  parallel  to  the 
axis  FC,  pafs  out  of  a denfer  into 
a rarer  fpherical  convex  medium, 
it  will  diverge  from  the  axis  after 
Refraction  ; and  the  diftance  FC 
of  the  point  of  difperfion,  or  of 
the  virtual  focus  F,  from  the  cen- 
tre of  the  fphere,  will  be  to  its 
fein [diameter  CE.  or  CB,  as  the 
fine  of  the  refraCied  angle  is  to  the 
fine  of  the  angle  of  RefraCtion  ;; 
but  to  the  portion  of  the  refracled. 
ray  drawn  back,  FE,  it  will  be  in  the  ratio  of  the  fine 
of  the  refraCled  angle  to  the  fine  of  the  angle  of  incli- 
nation, Confequently  FC  will  be  to  FB,  in  a greater 
ratio  than  this  laft  one  : unlefa  when  the  rays  DE  fall 
very  near  the  axis  FC,  for  then  FC  to  FB  will  be  very 
nearly  in  that  ratio. 

Hence,,  wlien  the  Refraction  is  out  of  glafs  into  air  ; 
then, 

For  rays  near  the  axis, 


FC  : F±>  ; : 3 

BC  : BF  : ; I 


2. 


For  more  did  ant  rays 
FC  : FB  > 3:  2, 
BC : BF  > I 


2, 


But  when  the  RefraCfion  is  out  of  water  into  air  ; then, 


For  rays  near  the  axis, 
FC  : FB  : : 4 t 3, 
BC  : BF  ; : I : 3. 


For  more  diflant  rays, 
FC  : FB  > 4:3, 
BC  : BF  > I : 3. 


6.  If  the  ray  HE  fall  parallel  to  the  axis  CF,  from 
a denfer  medium,  upon  the  furface  of  a fpherically  con- 
cave rarer  one  ; the  refraCfed  ray  will  meet  with  the 
axis  in  the  point  F,  fo  that  the  difiance  CF  from  the 
centre,  will  be  to  the  refrafted  ray  FE,  as  the-  fine  of 
therefraffed  angle,  to  the  fine  of  the  angle  of  inclination. 
Gonfequently  FC  will  be  to  FB,  in  a greater  ratio 
than  that  above  mentioned  : unlefs  when  the  rays  are 
-very  near  the  axis,  for  then  FC  is  to  FB  very  nearly 
in  that  ratio  5 and  the  three  FB,  FC,  BC  are,  in  the 
cafes  of  air,  water  and  glafs,  in  the  numeral  I’atios  as 
Ipeeified  at  the  end  of  the  lafi  article.  See  Wolfius, 
Flem.  Matlief.  tom.  3 p.  179  &c. 

.Refraction  in  a Glafs  Frifm> 

ABC  being  the  tranfverfe  fedfion  of  a prifm  ; if  a 
ray  of  light  DE  fall  obliquely  upon  it  out  of  the  air  ; 
infiead  of  proceeding  firaig’ht  on  to  F,  being  refradted 


towards  tlie  perpendicular  IF,  it  will  decline  to  Gi 
Again,  fmee  the  ray  EG,  palling  out  of  glafs  into  air, 
Dlls  obliq^^e^y  OB  BC,  it  will  be  refraded  to  M,  fo  as 


to  recede  from  the  perpendicular  GO.  And  hence  arife. 
the  various  phenomena  of  the  prifm.  See  Colour. 

Refraction  in  a Convex  Lens. 

If  parallel  rays,  AB,  CD,  EF,  fall  on  the  furface^ 
of  a convex  lens  XBZ  (the  laft  fig.  above)  ; the  per- 
pendicular ray  AB  will  pafs  unrefradlcd  to  K,  yrhere 
emerging,  as  before,  perpendicularly, into  air,  it  will  pro- 
ceed firaight  on  to  G.  But  the,  rays  CD  and  EF,  failing 
obliquely  out  of  air  into  glafs,  at  D and  F,  will  be  re- 
fradted  towards  the  axis  of  Refraction,  or  towards  the 
perpendiculars  at  D and  F,  and  fo  decline  to  Qjind  P r 
where  emerging  again  obliquely  out  of  the  glafs  into 
the  furface  of  the  air,  they  will  be  refradled  from  the  - 
perpendicular,  and  proceed  in  the  directions  QG  and 
FG,  meeting  in  G.  And  thus  alfo  will  all  the  other 
rays  be  refradled  fo  as  to  meet  the  reft  near  the  place  G. 
See  Focus  and  Lens. — ^Hen-ee  the  great  property  of 
convex  glafles ; *vi/,  that  they  colkdl  parallel  rays,;  or 
make  them  converge  into  a-  point., 

Refraction  in  a Concave  Lens. 

Parallel  rays  AB,  CD,  EF,  falling  on  a concave  Tens' 
GBHIMK,  the  ray  AB  falling  perpendicularly  on  the 
glafs  at  B,  wu’ll  pafs  unrefradled  to  M ; -wdiere,  being: 
Itill  perpendicular,,  it  will  pafs  into  the  air  to  with- 
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out  Refradlion,  But  the  ray  CD,  falling  obliquely  oir 
the  furface  of  the  glafs,  will  be  refradled  towards  the. 
perpendicular  at  D,  and  proceed  to  Qj  where  again, 
falling  obliquely  out  of  the  glafs  upon  the  furface  of  aiiv 
it  will  be  retradled  from  the  perpendicular  at  and' 
proceed  to  V.  After  the  fame  manner  the  ray  EF  is 
firft  refradled  to  Y,  and'  thence  to  Z. — Hence  the  great 
property  of  concave  glafies ; viz,  that  they  difperfe. 
parallel  rays,  or  make  them  diverge.  See  Lens. 

Refraction  in  a Plane  Glafs.- 

If  parallel  rays  EF,  GH,  IK,  (the  lafi  fig.  above) 
fall  obliquely  on  a plane  glafs  ABCD  ; the  obliquit)r 
being  the  fame  in  all,  by  reafon  of  their  parallelifm,. 
they  will  be  ail  equally  refradled  towards  the  perpendi- 
cular ; and  accordingly,  being  ftill  parallel  at  M,  O, 
and  they  will  pals  out  into  the  air  equally'  refradled 
again  from  the  perpendicular,  and  ftill  parallel.  Thiis^ 
will  the  rays  EF,  GH,  and  IK,  at  their  entering  the 
glafs,  be  infledled  towards  the  right;  and  in  their 
going  out  as  much  infiedled  to  the  left  ;•  fo  that  the  firft’ 
Refradtion  is  here  undone  by  the  fecond,  tliereby  caufing 
the  rays  on  their  emerging  from  the  glafs,  to  be  parallel 
to  their  firft  diredlion  before  they  entered  it ; though' 
Rot  fo  as  that  the  objedt  is  feen  in  its  true  place  ; for 
the  ray  RQ_^  being  produced  back  again;  will  not 
coincide  with  the  ray  IK,  but  will  fall  to  the  left  of  it; 
and  this  the  more  as  the  glafs  is  thicker  ; however,  as- 
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fo  the  colour,  the  fecond  Refraflion  does  really  undo 
the  lirft.  Sec  Colour. 

Refraction  in  AJlronorm^  or  Refraction  of  the 
Stars^  is  an  inflexion  of  the  rays  of  thofe  luminaries,  in 
pafling  through  our  atmofphere  ; by  which  the  apparent 
altitudes  of  the  heavenly  bodies  are  increafed. 

This  Refraflion  arifes  from  hence,  that  the  atmo- 
fphere is  unequally  denfe  in  different  ftages  or  regions  ; 
rareil  of  all  at  the  top,  and  denfefl  of  all  at  the  bottom ; 
which  inequality  in  the  fame  medium,  makes  it  equiva- 
lent to  feveral  unequal  mediums,  by  which  the  courfe 
of  the  ray  of  light  is  continually  bent  into  a continued 
curve  line.  See  Atmosphere. And  Sir  Ifaac  New- 

ton has  fliewn,  that  a ray  of  light,  in  pafTing  from  the 
highefl  and  rare  (I  part  of  the  atmofphere,  down  to  the 
loweflrand  denfeft,  undergoes  the  fame  quantity  of  Re- 
fraclion  that  it  would  do  in  pafling  immediately,  at  the 
fame  obliquity,  out  of  a vacuum  into  air  of  equal  denfity 
with  that  in  the  lowefl;  part  of  the  atmofphere. 

The  effedt  of  this  Refraction  may 
be  thus  conceived.  Suppofe  ZV 
a quadrant  of  a vertical  circle  de- 
fcribed  from  the  centre  of  the  earth 
T,  under  which  is  AB  a quadrant  Cr 
of  a circle  on  the  furface  of  the  A 
earth,  and  GH  a quadrant  of  the 
furface  of  the  atmofphere.  Then 
fuppofe  S£  a ray  of  light  emitted 
by  a liar  at  S,  and  falling  on  the  atmofphere  at  E : 
this  ray  coming  out  of  the  ethereal  medium,  which  is 
much  rarer  than  our  air,  or  perhaps  out  of  a perfeCl 
vacuum,  and  falling  on  the  furface  of  the  atmofphere, 
will  be  refraCfed  towards  the  perpendicular,  or  inclined 
down  more  towards  the  earth  ; and  fince  the  upper  air 
is  again  rarer  than  that  near  the  earth,  and  grows  It  ill 
denfer  as  it  approaches  the  earth’s  furface,  tlie  ra\'  in 
its  progrefs  will  be  continually  refraCted,  fo  as  to  arrive 
at  the  eye  in  the  curve  line  EA.  Then  fiippofing  the 
right  line  AE  to  be  a tangent  to  the  arch  at  A,  the  ray 
will  enter  the  eye  at  A in  the  direction  of  AF  ; and 
therefore  the  ftar  will  appear  in  the  heavens  at  in- 
Itead  of  S,  higher  or  nearer  the  zenith  than  the  liar 
really  is. 

Hence  arife  tlie  phenomena  of  the  crepufculum  or 
twilight ; and  hence  alfo  it  is  that  the  moon  is  fome- 
times  feen  eclipfed,  when  flie  is  really  below  the  hori- 
zon, and  the  fun  above  it. 

That  there  is  a real  RefraCtion  of  the  flars  Stc,  is 
deduced  not  only  from  phyfical  conlidcrations,  and 
from  arguments  a priori,  and  a fimilitudine,  but  alfo 
from  precife  aftronomical  obfervation  : for  there  are 
numberlcfs  obfervations  by  which  it  appears  that  the 
lun,  moon,  and  flars  rife  much  fooneiq  and  appear 
higher,  than  tbeyfliould  do  according  to  aftronomical 
calculations.  Hence  it  is  argued,  that  as  light  is  pro- 
pagated in  right  lines,  no  rays  could  reach  the  eye  from 
a luminary  below  the  horizon,  unEfs  they  were  de- 
fledled  out  of  their  courfe,  at  their  entrance  into  the 
atmofphere  ; and  therefore  it  appears  that  the  ra^'s  are 
refradted  in  palling  through  the  atmofphere. 

Hence  the  ftars  appear  higher  by  Refradtion.  than 
they  really  are  ; fo  that  to  bring  the  obferved  or  ap- 
parent altitudes  to  the  true  ones,  the  quantity  of  R.e- 
fradtioivmuft  be  fubtradled.  ~ And  hence,  the  ancients. 


as  they  were  not  acquainted  with  this  Refradlion,  reck- 
oned their  altitudes  too  great,  fo  that  it  is' no  wonder 
thev  fometimes  committed  confiderable  errors.  Hence 

j 

alfo,  Refradlion  lengthens  the  day,  and  fliortens  the 
night,  by  making  the  fun  appear  above  the  horizon  a 
little  before  his  riling,  and  a little  after  his  fetting.  Re- 
fradlion alfo  makes  the  moon  and  ftars  appear  to  rife 
fooner  and  fet  later  than  they  iTally  do.  The  apparent 
diameter  of  the  fun  or  moon  is  about  32";  the  hori- 
zontal refradlion  is  about  33^;  whence  the  fun  and  moon 
appear  ^jjholly  above  the  horizon  wheji  they  are  entirely 
below  it.  Alio,  from  obfervations  it  appears  that  the 
Refradlions  are  greater  nearer  the  pole  than  at  leffer 
latitudes,  cauflng  the  fun  to  appear  fome  days  above 
the  horizon,  when  he  is  really  below  it  ;■  donbtlels 
from  the  greater  denflty  of  the  atmofphere,  and  the 
greater  obliouitv  of  the  incidence. 

o ^ 1.  ^ _ 

Stars  in  the  zenith  are  not  fubjedl  to  anv  Refraction: 
thofe  in  the  horizon  have  the  greateft  of  all  ; from  tire 
horizon,  the  Refradlion  continually  decreafes  to  the 
zenith.  All  which  follows  from  hence,  that  in  the 
lirft  cafe,  the  rays  are  |)erpendicular  to  the  medium  ; 
in  the  lecond,  their  oblicjiiity  is  the  greateft,  and  they 
pals  through  the  largeft  fpace  of  the  lower  and  denfer 
part  of  the  air,  and  through  the  thickeft  vapours  ; and 
in  the  third,  the  obliquity  is  continually  decreafing. 

The  air  is  condenled,  and  confequently  RefraAion  Is 
Increafed,  by  cold  ; for  which  reafon  it  is  greater  In 
cold  countries  than  in  hot  ones.  It  is  alio  greater  in 
cold  weather  than  in  hot,  in  the  fame  countrv  ; and 
the  morning  Refradlion  Is  greater  than  that  of  the 
evening,  becaufe  the  air  is  rarefied  by  the  heat  of  the 
fun  In  the  day,  and  condenfed  by  the  coklnefs  of  the 
night.  Refradlion  is  alfo  fubjedl  to  fome  fmall  varia- 
tion at  the  fame  time  of  the  dav  In  the  lined  weather. 

At  the  fame  altitudes,  the  fun,  moon,  and  liars  all 
undergo  the  fame  Refradlion  : for  at  equal  altitudes 
the  incident  rays  have  the  fame  inclinations  ; and  the 
fines  of  the  refradled  angles  are  as  the  lines  of  the  angles 
of  inclination,  dec. 

Indeed  Tycho  Brahe,  who  firft  deduced  the  Re- 
fractions of  the  fun,  moon,  and  ftars,  from  obfervation, 
and  whofe  table  of  the  Refradlion  of  trie  ftars  Is  not 
much  different  from  thofe  of  Flamfteed  and  Newton, 
except  near  the  horizon,  makes  the  I'olar  Refradllons 
about  f greater  than  thofe  of  the  fixed  ftars  ; and  the 
lunar  Refradllons  alfo  fometimes  greater  than  thofe  of 
the  ftars,  and  fometimes  lefs.  But  the  theory  of  Re- 
fradlions,  found  out  by  Snellius,  was  not  fully  under- 
ftood  In  his  time. 

The  horizontal  Refradlion,  being  the  greateft,  is 
the  caufc  that  the  fun  and  moon  appear  of  an  oval  form 
at  their  riling  and  fetting  ; for  the  lower  edge  of  each 
being  m.orc  refradled  than  tiie  upper  edge,  the  perpen- 
dicular diameter  is  fiiortencd,  and  the  under  edge  ap- 
pears more  flatted  alfo. — Hence  alfo,  if  we  take  with 
an  Inftrument  the  dlllance  of  two  ftars  when  they  are 
in  the  fame  vertical  and  near  the  horizon,  we  Pnall  find 
it  conflderably  lefs  than  if  we  meafure  it  when  they  are 
both  at.  Rich  a height  as  to  fuffer  little  or  no  Refradlion  ;■ 
becaufe  the  lower  liar  is  more  elevated  than  the  higher. 
Hiere  is  alfo  another  alteration  made  by  Refradlion  in 
the  apparent  dillance  of  flars  : when  two  ftars  are  in  the 
fame  almicantar,  01  parallel  of  decllnationj  their  ap- 
parent 
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parent  diltarice  Is  lets  than  the  true;  for  fmce  Refrac- 
tion  makes  each  of  them  higher  in  tl\e  azimuth  or  ver- 
tical in  which  they  appear,  it  mufb  bring  them  into 
parts  of  the  vertical  where  they  come  nearer  to  each 
other  ; becaule  all  vertical  circles  converge  and  meet  in 
the  zenith.  This  contra6lion  of  diftance,  according 
to  Dr.  Halley  (Fhilof.  Tranf.  numb.  368)  is  at  the 
rate  of  at  leaft  one  fecond  in  a degree  ; fo  that,  if  the 
diilance  between,  two  liars  in  a pofition  parallel  to  the 
horizon  meafure  30°,  it  is  at  moil  to  be  reckoned 
only  29"=*  59/  30'''. 

The  quantity  of  the  Refraction  at  every  altitude, 
from  the  horizon,  where  it  is  greateil,  to  the  zenith 
where  it  is  nothing,  has  been  determined  by  obferva- 
tion,  by  many  aftronomers  ; thofe  oi  Dr.  Bradley  and 
Mr.  Mayer  are  eheemed  the  mod  correCl  of  any,  being 
nearly  alike,  and  are  now  ufed  by  moil  aftronomers. 
Doctor  Bradley,  from  his  obfervations,  deduced  this 
■ very  fimple  and  general  rule  for  the  RefraCtion  r at  any 
altitude  a whatever  ; viz, 

as  rad.  i : cotang,  rz  r i \ the  Refrafllon 

in  feconds. 


either  2C)‘6  inc.  barom.  and  50°  thermometeiq 
or  30  — barom.  and  53  thermometer, 

for  both  which  dates  it  anfwers  equally  the  fame.  But 
for  any  other  dates  of  the  barometer  and  thermometer, 
the  Refradion  abovcTound  is  to  be  corredlecl  in  this 
manner  ; viz,  if  h denote  any  other  height  of  the  ba- 
rometer in  inches,  and  t the  degrees  of  the  thermome- 
ter, r being  the  Refradlion  uncorredled,  as  found  in 
the  manner  above.  Then 

as  29*6  : ; r : R tlie  Refradhion  correded  on  ac- 

count of  the  barometer, 

and  400  ; 4^0  M:  R : the  Rcfradlion  corrcdled  both 
on  account  of  the  barometer  and  thermometei  ; which. 

450  — t 

final  corredled  Refradtion  is  therefore  = h7\ 

11B40 

Or,  to  corredl  the  fame  Refradlion  r by  means  of  the 
latter  date,  viz,  barom.  30  and  theim.  33,  it  will  be 

as  qo  : : r : R — , 

M 3^ 

and  400  : 4.  ^ S'  “ ^ ^ ^ ^ 

400  12000 

correcl  Refradlion. 


This  rule,  of  Dr.  Bradley’s,  is  adapted  to  thefe  From  Dr.  Bradley ’s  rule,  r cry'-/ X cot.  -f  3r,  the  foB 
dates  of  the  barometer  and  thermometer,  viz,  lowing  Table  of  the  mean  ailronom.  Refrac.  iscomputed* 


Mean  AJironorn'ical  Ref  radians  in  /iltiiude. 


Apparent  , 
Altitude.  I 

Refradfion.  j 

, ! ! 

.'Apparent  1 
Altitude,  j 

Refradlion.  j 

Apparent 

Altitude. 

Refratilion.  \ 

Apparent 

Altitude. 

1 

Refratlion. 

A p parent 
Altitude. 

Refraddion. 

0° 

0'  33' 

0 

3"^ 

o'i 

1 

14' 

36^^ 

30' 

(y 

8' 

2 0° 

0' 

2' 

35 

54'" 

41" 

0 

5 

32 

10 

3 

c 

14 

20 

8 

40 

6 
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20 

30 

2 

3^ 

55 

40 

0 

10 

3^ 

22 

3 

10 

4 

8 

50 

5 

55  i 

2 I 

_ 0 

2 

27 

56 

38 

0 

19 

30. 

35 

3 

H 

F3 

49 

9 

0 

5 

48 

' 

2 I 

30 

2 

24 

57 

37 

0 

20 

29 

50 

3 

20 

^3 

34 

9 

10 

5 

42 

22 

0 

2 _ 

20 

58  . 

35 

0 

2-3  I 

29 

6 

3 

25 

13 

20 

9 

20 

5 

36 

23 

- 

2 

H 

59 

34 

0 

30 

28 

22 

3 

30 

6 

9 

30 

r 

5 

3^ 

24 

- 

1 

7 

60 

33 

0 

3S 

27 

41 

3 

40 

12 

40 

9 

40 

5 

25 

25 

- 

2 

2 

6 1 

31 

0 

40 

27 

0 

3 

50 

12 

15 

9 

50 

5 

20 

26 

- 

I 

56 

62 

30 

0 

43 

26 

20 

4 

0 

I I 

51 

10 

0 

5 

15 

2 7 

I 

51 

63 

29 

0 

50 

25 

42 

4 

10 

I £ 

29 

10 

15 

5 

/ 

28 

- 

1 

47 

64 

28 

0 

55 

25 

5 

4 

20 

I I 

8 

30 

5 

0 

29 

- 

1 

42 

65 

26 

I 

0 

24 

29 

4 

30 

10 

48 

10 

45 

4 

53 

32> 

- 

I 

38 

6fc> 

25 

I 

5 

23 

54 

4 

40 

10 

29 

1 1 

0 

4 

47 

31 

- 

I 

35 

67 

24 

I 

10 

23 

20 

4 

50 

10 

1 1 

1 1 

15 

4 

40 

32 

- 

I 

31 

68 

23 

I 

15 

22 

47 

5 

0 

9 

54 

1 1 

30 

4 

34 

33 

- 

I 

28 

69 

22 

I 

20 

22 

15 

5 

10 

9 

38 

1 1 

45 

4 

29 

34 

- 

I 

24 

70 

2 1 

I 

2i 

2 1 

44 

5 

20 

9 

23 

12 

0 

4 

23 

j35 

- 

I 

2 1 

71 

19 

I 

ao 

xj 

21 

15 

5 

30 

9 

8 

[2 

20 

4 

16 

I36 

- 

1 

18 

72 

18 

I 

35 

20 

46 

5 

40 

8 

54 

12 

40 

4 

9 

|37 

- 

t 

16 

73 

H 

I 

40 

20 

18  ! 

s 

5 

50 

8 

41 

G 

4 

3 

I38 

- 

I 

13 

74 

16 

1 

45 

19 

5^ 

6 

0 

8 

28 

20 

3 

57 

‘39 

- 

I 

10 

75 

15 

I 

5^ 

25 

6 

10 

8 

^3 

40 

3 

51 

j4o 

- 

I 

8 

76 

14 

I 

55 

19 

0 

6 

20 

8 

3 

44 

0 

3 

45 

^4T- 

- 

I 

5 

77 

13 

1 ^ 

0 

18 

35 

6 

30 

7 

51 

14 

20 

3 

40 

:42 

- 

I 

3 

78 

12 

1 

5 

18 

1 1 

6 

40 

n 

i 

40 

14 

40 

3 

35 

;43 

- 

1 

I 

79 

1 1 

1 2 

10 

17 

48 

6 

50 

7 

30 

15 

0 

3 

3^ 

'44 

- 

0 

59 

80 

10 

2 

15 

17 

26 

7 

0 

7 

20 

15 

30 

3 

24 

;45 

- 

- 

57 

8 1 

9 

2 

20 

D 

4 

7 

10 

7 

1 1 

16 

0 

3 

17 

46 

- 

- 

55 

82 

8 

2 

25 

1 6 

44 

7 

20 

7 

2 

i6 

30 

3 

10 

47- 

- 

S3 

83 

7 

2 

30 

16 

24 

7 

30 

6 

53 

17 

0 

3 

4 

48 

- 

51 

84 

6 

2 

35 

1 6 

4 

1 7 

40 

6 

45 

17 

30 

2 

59 

49 

- 

m 

49 

85 

5 

2 

40 

15 

45 

7 

50 

6 

37 

18 

0 

2 

54 

50 

- 

- 

48 

86 

4 

2 

45 

27 

8 

0 

6 

29 

18 

30 

2 

49 

51 

- 

46 

87 

3 

2 

50 

H 

9 

10 

6 

21 

^9 

0 

2 

45 

52 

- 

44 

88 

2 

2 

55 

52 

! 8 

20 

6 

^9 

30 

2 

39 

53 

- 

- 

43 

89 

I 
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Mr*  Mayer  fays  his  rule  was  deduced  from  theoiy, 
and,  when  reduced  from  French  meafure  and  Reau- 
mur’s thermometer,  to  EngliHi  meafure  and  Fahren- 
heit’s thermometer,  it  is  this, 


74*4^  X cof.  a 

+ 00248^)  i \ I-}-  *00248/  (l-|- •00248/)^/ 


or  r 


_ 74*4^  X cof.  a X tang.  4 A 
(i  -h  •00248/)! 


the  Refradlion  in 


feconds,  corrected  for  both  barometer  and  thermome- 
ter : where  the  letters  denote  the  fame  things  as  before, 
except  which  denotes  the  angle  whofe  tangent  is 

*s/ 1 d-  *00248/ 

1 7 • I4  fm.  a 

Mr.  Simpfon  too  (DifTert.  pa.  46  S/c)  has  ingenioufly 
determined  by  theory  the  allronomical  Refractions, 
from  which  he  brings  out  this  rule,  viz,  As  1 to  *9986 
or  as  radius  to  fine  of  86°  58^  30'',  fo  is  the  fine  of  any 
given  zenith  dillance,  to  the  fine  of  an  arc  ; then  of 
tue  difference  between  this  arc  and  the  zenith  diftance, 
is  the  Refraction  fought  for  that  zenith  difiance.  And 
by  this  rule  Mr.  Simpfon  computed  a Table  of  the  mean 
Refractions,  which  arc  not  much  different  from  thofe 
of  Dr.  Bradley  and  Mr.  IMayer,  and  are  as  in  the  fol- 
lowing Table. 


Mr.  Simpfon  s Table  of  Mean  RefraBions. 


Appa- 

rent 

Alti- 

tude. 

Refrac- 

tion. 

Appa- 

rent 

Alti- 

tude. 

Refrac- 

tion. 

Appa- 
rent 
Aiti- 
j tude. 

Refrac  • 
tion. 

0® 

33' 

0" 

I 7° 

2 f 

50" 

38° 

T 

7" 

I 

23 

50  : 

1 8 

40 

40 

I 

2 

17 

43  ' 

W 

2 

31 

42 

0 

58 

3 

13 

44  1 

20 
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23 

44 

0 

54 

4 

1 1 

3 1 

2 1 

2 

16 
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0 

50 

5 
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10 

22 
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48 
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47 

6 

7 

49 

23 

2 

3 

50 

0 

44 

7 

6 

48  , 

24 

I 

57 

52 

0 

41 

8 

5 

59  . 

25 

I 

5^  i 

54 

0 

38 

9 

5 

21  ! 

1 

26 

I 

47  i 

56 

0 

35 

10 

4 

5^  i 

27 

I 

42  j 

58 

0 

32 

1 1 

4 

24  i 

28 

I 

38  i 

60 

0 

3^ 

12 

4 

2 1 

29 

I 

34  i 

0 

24 

13 

3 

43 

30 

I 

30 

70 

0 

W 

H 

3 

27 

32 

I 

23  : 

75 

0 

H 

G 

3 

13 

'34 

I 

17 

80 

0 

9 

16 

3 

I 1 

36 

I 

12 

85 

0 

4.- 

It  is  evident  that  all  obferved  altitudes  of  the  hea- 
venly bodies  ought  to  be  diminiflied  by  the  numbers 
taken  out  of  the  foregoing  Table.  It  is  alfo  evident 
that  the  Refraftion  dimin lilies  the  right  and  oblique 
afeenfions  of  a flar,  and  increafes  tire  defeenfions  : it 
increafes  the  northern  declination  and  latitude,  but  de- 
creafes  the  fouthern  ; in  the  eaflern  part  of  the  hea- 
_ 'vens  it  diminiflies  the  longitude  of  a flar,  but  in  the 
v/eflern  part  of  the' heavens  it  increafes  the  fame,  . 

1. 


Refraction  of  Altitude^  is  an  arc  of  a vertical  circle, 
as  A B,  by  which  the  altitude  of  a flar  AC  is  increafed 
by  the  RefraCtion. 


Refraction  of  Afcenjion  and  Refcerjlon,  is  an  arc 
DE  of  the  equator,  by  which  the  afccnlion  and  defeen- 
fion  of  a flar,  whether  right  or  oblique,  is  increafed  or 
diminiflied  by  the  Refraflion. 

Refraction  of  Declination^  is  an  arc  BF  of  a circlu 
of  declination,  by  which  the  declination  of  a flar  DA 
or  EF  is  increafed  or  dlminiilied  by  RefraCtion. 

Refraction  oJ  Ijatitude  is  an  arc  AG  of  a circle  of 
latitude,  by  which  the  latitude  of  a flar  AH  is  increafed 
or  diminiflied  by  the  RefraCtion. 

Refraction  of  Longitude  is  an  arc  IH  of  the 
ecliptic,  by  which  the  longitude  of  a flar  is  increafed 
or  diminiflied  by  means  of  the  RefraClion. 

Terreflrial  Refraction,  is  that  by  wdiich  terreflrial 
objeCls  appear  to  be  railed  higher  than  they  really  are, 
in  obferving  their  altitudes.  The  quantity  of  this  Re- 
fraClion is  elliniated  by  Dr.  Mafleelyne  at  cne-tenth  of 
the  difiance  of  the  object  obferved,  expreffed  in  degrees 
of  a great  eircle.  So,  if  the  difiance  be  10000  fa- 
thoms, its  loth  part  icoo  fathoms,  is  the  60th  part 
of  a degree  of  a great  circle  on  the  earth,  or  D,  which 
therefore  is  the  Refraclion  in  the  altitude  of  the  objedl 
at  that  difiance.  (Requlfite  Tables,  1766,  pa.  134). 

But  M.  Le  Geudre  is  induced,  he  fays,  by  feveral 
experiments,  to  allow  only  the'dlflance 

for  the  RefraCtion  in  altitude.  So  that,  upon  the  dif- 
tance of  10000  fiuhoms,  the  14th  part  of  which  is 
714  fathoms,  he  allows  only  44^^  of  terreflrial  Refrac- 
tion, fo  many  being  contained  in  the  7 14  fathoms.  Bee 
his  Memoir  concerning  the  Trigonometrical  opera- 
tions, See, 

Again,  M.  de  Lanibre,  an  Ingenious  French  aflro- 
nomer,  makes  the  quantity  of  the  Terreflrial  Pvefrac- 
tion  to  be  the  i Jth  part  of  the  arch  of  difiance.  But  the- 
Engllfk  meafurers.  Col.  Edw.  Williams,  Capt.  Mudge, 
and  Mr.  Dalby,.  from  a multitude  of  cxaCl  obfervatlons 
made  by  them,  determine  the  quantity  of  the  medium. 
RefraCtion  to  he  the  1 2th  part  of  the  fald  difiance. 

The  quantity  of  this  P^efraCtlon,  however,  Is  found 
to  vary  confiderably,  with  the  different  flates  of  the 
weather  and  atmofphere,  from  the  13th  part  of  the  dif- 
tance, to  the  9th  part  of  the  fame  ; the  medium  of 
which  is  the  12th  part,  as  above  mentioned. 

Some  whimfical  effeCls  of  this  RefraCtion  are  alfo’ 
related,  arlfing  from  peculiar  fituations  and  circum- 
flances.  Thus,  It  is  faid,  any  perfon  Handing  by  the 
fide  of  the  river  Thames  at  Greeiivsdeh,,  wdiea  it.  is  high- 

water 
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water  tliere,  he  eanfcethe  cattle  grazing  on  the  Iileof 
Dogs,  which  is  the  mariliy  meadow  on  the  other  fide 
of  the  river  at  that  place  j but  when  it  is  low-water 
there,  he  cannot  fee  any  thing  of  them,  as  they  arc 
hid  from  his  view  by  the  land  wall  or  bank  on  the 
otlier  fide,  which  is  raifed  higher  than  the  marfli,  to 
I'.eep  out  the  waters  of  the  river.  This  curious  effect 
is  probably  owing  to  the  moih  and  denfe  vapours,  jTft 
above  and  rifing  from  the  furhice  of  the  water,  being 
raifed  higher  or  lifted  up  with  the  furface  of  the  water 
at  the  time  of  high  tide,  through  which  the  rays  pafs, 
and  arc  the  more  refradted. 

Again,  a hmilar  inftance  is  related  in  a letter  to  me, 
from  an  ingenious  friend,  Mr.  Abr.  Crocker  of  Frome 
in  Somerfetdiire,  dated  January  12,  lypy.  “ My 
Devonfliire  friend,”  fays  he,  (whofe  feat  is  in  the  vici- 
nity of  the  town  of  Modbary,  12  miles  in  a geogra- 
phical line  from  Maker  tower  near  Plymouth)  “ being 
on  a pleafure  fpot  in  his  garden,  on  the  4th  of  De- 
cember 179'^,  with  fome  friends,  viewing  the  fur- 
rounding country,  with  an  achromatic  telefcope,  de- 
feried  an  objedl  hke  a perpendicular  pole  handing  up 
ill  the  chafm  of  a hedge  which  bounded  their  view  at 
about  9 miles  didance  ; which,  from  its  diredlion,  was  - 
coniedfured  to  be  the  flagftaff  on  Maker -tower.- — Di- 
rediing  the  glafs,  on  the  morning  of  the  next  day,  to 
the  fame  part  of  the  horizon,  a dag  was  perceived  on 
the  pole  ; wTich  corroborated  the  conjedliire  of  the 
preceding  day.  This  day’s  view  alfo  difeovered  the 
pinnacles  and  part  of  the  ihaft  of  the  tower.— -Viewing 
the  fame  fpot  at  8 in  the  morning  on  the  9th  of  Ja- 
nuary 1794,  the  whole  tower  and  part  of  the  roof  of 
the  church,  with  other  remote  objedts  not  before  no- 
ticed, became  vifible. 

it  is  necefTary  to  give  you  the  date  of  the  weather 
there,  on  thofe  days. 


1793- 

Harometer. 

"I’her  mom.j 

Wind 

Dec.  4 

3 9’93,  rifnig 

36’0  ; 

N,£. 

Frodymorning, 
a miff  over  the 
land  below. 

!) 

1794. 

29*97, 

W. 

Ditto. 

Jan.  9 

3Q'oi,  falling 

29*8 

w. 

Hardwhitefrod, 
a fog  over  the 
lowlands;  cleat 
in  thefurround- 
ing  country. 

The  fingnlarity  of  this  phenomenon  has  occa- 
fioned  repeated  obfervations  on  it ; from  all  which  it 
appears  that  the  fiimmer  feafon,  and  wet  windy  v.Ta* 
ther,  are  unfavourable  to  this  refradted  elevation*;  but 
that  calm  froRy  weather,  with  the  abfence  of  the  fun, 
are  favourable  to  it. 

“ From  hence  a quedion  arifes  ; what  is  the  princi- 
pal or  mod  general  caide  of  atmofpheric  Refradtion, 
which  produces  fucli  extraordinary  appearances  ?” 

The  following  is  alfo  a copy  of  a letter  to  Mr. 
Crocker  on  this  curious  phenomenon,  from  his  friend 
above  mentioned,  viz,  Mr.  John  Andrews,  of  Traine, 
near  Modbury,  dated  the  id  of  February  1797. 

“ My’’  good  Friend, 

Finding,  by  your  favour  of  lad  Sunday,  the  pro- 
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ceedings  which  are  going  on  in  refpect  to  my  obfer- 
vations on  the  phenomenon  of  I have  thought 

it  neceffary  to  bedow  about  half  this  day  in  preparing, 
what  I am  obliged  to  call,  in  my  way,  drawings,  illuf- 
trative  of  thofe  obfervations.- — 1 have  endeavoured  to 
didingiiifli,  by  different  tints  and  fiiades,  the  grounds 
wdiich  lie  nearer  or  more  remote  ; but  this  v/ill  perhaps 
be  better  explained  by  the  letters  of  referpee,  which  I 
have  infevied  as  they  may  be  ferviceable  in  future  cor- 
refpondence. — I believe  the  drawings,  rough  as  they 
are,  give  a tolerably  exadl  reprefentation  of  the  feenes  : 
they  may  be  properly  copied  to  fend  to  London  by  one 
of  your  ingenious  fons.— ~I  have  been  attentive  m my 
obfervations,  or  rather  in  looking  out  for  obfervations, 
daring  the  late  hard  frods,  which  you  will  be  furpiifed 
to  learn,  have  (except  on  one  or  two  days)  been  very  im- 
propitious  to  the  phenomenon  ; but  they  have  compen- 
fated  for  that  difappointment,  by  a difeovery,  that  a 
dry  frod,  though  ever  fo  intenfe,  has  no  tendency  to 
produce  it.  A hoar  frod,  or  that  kind  of  dewy  vapour 
which,  in  a fufficient  degree  of  cold,  occafions  a hoar 
frod,  appears  efientially  neceffary.  This  took  place 
pretty  favourably  on  the  6th  of  JannUry,  when  the  ele- 
vation was  equal  to  that  reprefented  in  the  third  draw- 
ing  (fee  plats  2y,  jig.  3),  much  like  what  it  was  on  the 
9th  of  January  1794)  £ind  confirmed  me  as  to  the  cer- 
tainty of  fome  peculiar  appearances,  hinted  at  in  my 
letter  of  the  14th  of  that  month,  but  not  there  dc- 
feribed.  VvTat  I allude  to,  was  a fiuduating  appear- 
ance of  two  horizons,  one  above  the  other,  with  a 
complete  vacancy  between  them,  cxadfly  like  what 
may  be  often  obferved  looking  through  an  uneven  p me 
of  glafs.  Divers  inilances  of  this  were  feen  by  my  bro- 
ther and  myfelf  on  the  6th  of  laft  January  ; continually 
varying  and  intermitting,  but  not  rapidly,  fo  that  they 
were  capable  of  didindl  obfervation. — Fill  that  day  I had 
formed,  as  I thought,  a plaufible  theory,  to  account  for, 
as  well  this  latter,  as  all  the  other  phenomena  ; but  now, 
unlefs  my  Imagination  deceives  me,  I.  am  left  in  Impene- 
trable darkneis.  The  vacant  line  of  feparation,  you  will 
take  notice,  would  often  increafe  fo  much  iii  breadth,  as 
to  efface  entirely  the  upper  of  the  two  horizons  ; form- 
ing then  a kind  of  dent  or  gap  In  the  remaining  ho- 
rizon, which  horizon  at  the  places  contiguous  to  the 
extremities  of  the  vacancy,  feemed  of  the  fame  height  as 
the  upper  horizon  was,  before  effaced.  This  vacancy 
was  feveral  times  fecn  to  approach  and  take  In  the  tower, 
and  immediately  to  admit  a view  of  the  whole  or  mod: 
part  of  its  body  (like  that  In  the  third  drawing)  which 
was  not  the  cafe  before:  exadlly,  to  all  appearance,  as 
If  it  had  opened  a gap  for  that  pnrpofe  in  the  Intercepted 
ground.- — It  remains  therefore  to  be  determined  by  fu- 
ture obfervations,  whether  the  feparation  is  effcdled  by 
an  elevation  of  the  upper,  or  deprefiion  of  the  lower 
horizon;  and  if  the  latter,  why  the  vacancy  does  not 
caufe  the  tower  to  difappear,  as  well  as  the  intervening 
ground  ? — As  an  opportunity  for  this  purpole  may  not 
i'ooii  occur,  I hope  you  will  not  wait  for  it,  in  your 
communications  to  him  w'ho  is,  Dear  Sir,  yours 
very  truly, 

John  Andrews.” 

See  the  reprefeiitatlons  in  plate  23,  of  the  appear- 
ances, in  three  different  dates  of  the  atrnofphere,  with 
the  explanations  of  them, 
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REFR  ANGIBILITY  of  the  diTpofition  of 

the  rays  to  be  refradled.  And  a greater  or  lefs  Re- 
fi  angibility,  is  a difpofition  to  be  more  or  lefs  refrafted, 
in  pafiing  at  equal  angles  of  incidence  into  the  fame 
medium. 

That  the  rays  of  light  are  dilferently  refrangible,  is 
the  foundation  of  Newton’s  whole  theory  of  light 
and  colours ; and  the  truth  and  circiimllances  of  the 
principle  he  evinced  from  fuch  experiments  as  the 
following  . 


I.et  EG  reprefent  the  window- fniUter  of  a dark 
room,  and  F a hole  in  it,  through  which  the  light 
pafTes,  from  the  luminous  objedl  8,  to  the  glafs  prifm 
ABC  within  the  room,  which  refracfs  it  towards  the 
oppofite  hde,  or  a. fcreen,  at  PT,  where  it  appears  of 
an  oblong  form  ; its  length  being  about  five  times  the 
breadth,  and  exhibiting  the  various  colours  of  the  rain- 
bow ; whereas  without  the  Interpofition  of  the  prifm, 
the  ray  of  light  would  have  proceeded  on  in  its  hril  di- 
reftion  to  D.  Hence  then  it  follows, 

1.  That  the  rays  of  light  are  refrangible.  This  ap- 
pears by  the  ray  being  refrafled  from  its  original  direc- 
tion SHD,  into  another  one,  HP  or  HT,  by  pafiing 
through  a different  medium. 

2.  That  the  ray  SFH  is  a compound  one,  which,  by 
means  of  the  prifm,  is  decompounded  or  feparated  into 
its  parts,  HP,  H'P,  &c,  which  it  hence  appears  are 
all  endued  with  different  degrees  of  Refrangibility,  as 
they  are  tranfmitted  to  all  the  Intermediate  points  from 
T to  P,  and  there  painting  all  the  different  colours. 

From  this,  and  a great  variety  of  other  experiments, 
Newton  proved,  that  the  blue  rays  are  more  refracted 
tban  the  red  ones,  and  that  there  is  likewife  unequal 
refraction  in  the  intermediate  rays  ; and  upon  the  whole 
it  appears  that  the  fun’s  rays  have  not  all  the  fame  Re- 
frangibility, and  confeqiiently  are  not  of  the  fame  na- 
ture. It  is  alfo  obfeived  thatthofe  rays  which  are  moft 
refrangible,  are  alfo  mofl  reflcxible.  See  Rf.flexi- 
BiLiTY  ; alfo  Newton’s  Optics,  pa.  2 2 &c,  3 J edit. 

The  difference  between  Refrangibility  and  reflexibi- 
lity was  firltdifcoveredby  Sir  Ihiac  Newton,  in  1671-2, 
and  communicated  to  the  Royal  Society,  in  a letter 
dated  Feb.  6 of  that  year,  which  was  publiflied  in 
the  Phllof.  Tranf.  numb.  80,  pa.  3075  ; and  from  that 
time  it  was  vindicated  by  him,  from  the  objeCIlons  of 
feveral  authors ; particularly  Pardies,  Mariotte,  Linus 
or  Lin,  and  other  gentlemen  of  the  Englifh  college  at 
Liege;  and  at  length  it  was. more  fully  laid  down,  il- 
luftrated,  and  confirmed,  by  a great  variety  of  experi- 
ments, in  his  excellent  treatife  on  Optics. 

But  farther,  as  not  only  thefe  colours  of  light 
produced  by  refraClion  in  a prifm,  but  alfo  thofe 
VoL.  IL 
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refleCled  from  opaque  bodies,  have  their  different  de- 
grees of  Refrangibility  and  reflexibility  ; and  as  a white 
light  arifes  from  a mixture  of  the  feveral  coloured  rays 
together,  the  fame  great  author  concluded  that  all  ho- 
mogeneous light  has  its  proper  colour,  correfponding 
to  its  degree  of  Refrangibility,  and  not  capable  of 
being  changed  by  any  reflexions,  or  any  relraClions  ; 
that  the  fun’s  light  is  compofed  of  all  the  primary  co- 
lours ; and  that  all  compound  colours  ariie  irom  the 
mixture  of  the  primary  ones,  See. 

The  different  degrees  of  Refrangibility,  he  conjectures 
to  arife  from  the  difl'erent  magnitude  of  the  particles 
compofing  the  different  rays.  Thr..,  the  moll  refran- 
gible rays,  that  is  the  red  ones,  he  luppofes  may  confill 
of  the  largeft  particles  ; the  leaft  refrangible,  i.  e.  the 
violet  rays,  of  the  fmallell  particles  ; and  the  interme- 
diate rays,  yello>#,  green,  and  blue,  of  particles  of 
intermediate  fizes.  See  Colour. 

For  the  method  of  correcting  the  effeCt  of  the  different 
ReLangibility  of  the  rays  of  light  in  glaffe  , fee  Aber- 
ration and  Telescope. 

REGEL,  or  Rigel,  a fixed  Ear  of  the  firft  magni- 
tude, in  the  left  foot  of  Orion. 

REGIOMONTANUS.  ^t^John  Muller. 
REGION,  of  the  Air  or  Atmofphere.  Authors 
divide  the  atmofphere  into  three  ftages,  called  the  up- 
per, middle,  and  lower  Regions.' — The  lovvell  Region 
is  that  in  which  we  breathe,  and  is  bounded  by  the  re- 
flexion of  the  fun’s  rays,  that  is,  by  the  height  to 
which  they  rebound  from  the  earth. — The  middle  Re- 
gion is  that  in  which  the  clouds  refide,  and  where  me- 
teors are  formed,  See  ; extending  from  the  extremity 
of  the  loweft,  to  the  tops  of  the  highell  mountains.-— 
The  upper  Region  commences  from  the  tops  of  the 
mountains,  and  reaches  to  the  utmoft  limits  of  tiie  at- 
mofphere. In  this  Region  there  probably  reigns  a 
perpetual  equable  calmnefs,  clearnefs,  andferenity. 

EUmentary  Region,  according  to  the  Ariftotelians, 
is  a fphere  terminated  by  the  concavity  of  the  moon’s 
orb,  comprehending  the  earth’s  atmofphere. 

Ethereal  Region,  is  the  whole  extent  of  the  uni- 
verfe,  comprifing  all  the  heavens  with  the  orbs  of  the 
fixed  Ears  and  other  celeEial  bodies. 

Region,  in  Geography,  a country  or  particular  di- 
vifion  of  the  earth,  ora  traCl  of  land  inhabited  by  peo- 
ple of  the  fame  nation. 

Regions  of  the  Moon.  Modern  aEronomers  divide 
the  moon  into  feveral  Regions,  or  provinces,  to  each  of 
which  they  give  its  proper  name. 

Regions  of  the  Sea,  are  the  two  parts  into  which  the 
whole  depth  of  the  fea  is  conceived  to  be  divided.  The 
upper  of  thefe  extends  from  the  furface  of  the  water, 
down  as  low  as  the  rays  of  the  fun  can  pierce,  and- ex- 
tend their  Influence  ; and  the  lower  Region  extends 
from  thence  to  the  bottom  of  the  fea. 

Shhterratiean  Regions.  Theie  are  three,  into 
which  theeitrth  is  divided,  at  different  depths  below  the 
furface,  according  to  different  degrees  of  cold  or 
warmth  ; and  it  is  imagined  that  the  2d  or  middiemoil 
of  thefe  Regioiis  is  the  coldeE  of  the  three. 

REGIS  (Peter  Sylvain),  a French  philofopher, 
and  great  propagator  of  Cartefianifm,  vvas  born  In 
Agenois  1632. 

Fie  Eudi^  the  languages  and  pliilofophy  under  th; 
Z z Jefuits 
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Jefuits  at  Cahors,  and  afterwards  divinity  in  tlie  unfver- 
fity  of  that  town,  being  defigned  for  the  church.  His 
progrefsin  learning  was  fo  uncommon,  that  at  the  end 
of  four  years  he  was  offered  a dodfor’s  degree  without 
the  ufual  charges  ; but  he  did  not  think  it  became  him 
till  he  (hould  fludy  ailo  in  the  Sorbonne  at  Paris.  He 
accordingly  repaired  to  tlie  capital  for  that  purpofe  ; 
but  he  foon  became  difgufted  with  theology  ; and,  as 
the  philofophy  of  Des  Cartes  began  at  that  time  to 
make  a noifc  through  the  ledtures  of  Rohaiilt,  he  con- 
ceived a talle  for  it,  and  gave  himfelf  up  entirely 
to  it. 

Ha  ving,  by  attending  tliofe  ledlures,  and  by  clofe 
ftudy,  become  an  adept  in  that  philofophy,  he  went  to 
Touloufe  in  i66^%  wliere  he  fct  up  leAures  in  it  him- 
felf. Pfaving  a clear  and  fluent  manner,  and  a happy 
way  of  explaining  his  fubjedl,  he  drew  all  forts  of  peo- 
ple to  his  dilcourfes;  the  magiftrates,  the  literati,  the  ec- 
clefialHcs,  and  the  very  women,  who  all  now  affedled 
to  renounce  the  ancient  philofophy. 

In  1671,  he  received  at  Montpellier  the  fame  ap- 
plaufes  for  his  ledlures  as  at  Touloufe.  Finally,  in  1680 
he  returned  to  Paris;  where  the  concouife  about  him 
was  fuch,  that  the  fticklers  for  Peripateticifrn  began  to 
be  alarmed.  Thefe  applying  to  the  archbifliop  of  Pa- 
ris, he  thought  it  expedient,  in  the  name  of  the  king, 
to  put  a flop  to  the  ledlures;  which  accordingly  were 
difeontinued  for  feveral  months.  Afterwards  his 
whole  life  w'asfpent  In  propagating  the  new  philofoph)", 
both  by  ledlures,  and  by  publifhing  books.  In  defence 
of  his  fyflem,  he  had  difpntcs  with  Huet,  Du  Hamel, 
Malbranche,  and  others.  His  works,  though  abound- 
ing with  ingenuity  and  learning,  have  been  negledledin 
pnfequence  of  the  great  difeoveries  and  advancement 

in  philofophic  knowledge  that  has  been  fince  made. 

He  was  chofen  a member  of  the  Academy  of  Sciences  in 
1699  ; and  died  in  1707,  at  75  years  of  age. 

His  works,  which  he  publiflied,  are, 

1.  A Syjiem  of  Philofophy  ; containing  Logic,  Me- 
taphyfics,  and  Morals  ; in  1690,  3 vols  in  4to,  being 

a compilation  of  the  different  ideas  of  Des  Cartes. It 

was  reprinted  the  year  after  at  Amflerdam,  with  the 
addition  of  a Difeourfe  upon  Ancient  and  Modern 
Philofophy. 

2.  1 he  Ufe  of  Reafon  and  of  Faith. 

3.  An  Anfwer  to  Huet’s  Cenfures  of  the  Cartefian 
Philofophy  ; and  an  Anfwer  to  Du  HamePs  Critical 
Refle(S:ions, 

4.  Some  pieces  againft  Malbranche,  to  fhew  that  the 
apparent  magnitude  of  an  objc6l  depends  folely  on  the 
magnitude  of  its  Image,  traced  on  the  retina. 

5.  A fmall  piece  upon  the  queftion.  Whether  Plea- 
fure  makes  our  prefent  happinefs  ? 

REGPvESSION,  or  Retrogradation  of  Curves ^ 
&c.  See  Retrogradation. 

REGULAR  Figure^  In  Geometry,  is  a figure  that 
is  both  equilateral  and  equiangular,  or  having  all  its  fides 
and  angles  equal  to  one  another. 

For  the  dimenfions,  properties,  &c,  of  regular  fi- 
gures, fee  Polygon. 

Regular  Body^  called  alfo  Platonic  Body^  is  a bo- 
dy or  foild  comprehended  by  like,  equal,  and  reo-ular 
plane  figures,  and  whole  folid  angles  are  all  equal.^ 

The  plane  figures  by  which  the  folid  is  contain- 
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cd,  are  the  faces  of  the  folid.  And  the  fides  of 
the  plane  figures  are  the  edges,  or  linear  fides  of  the 
folid. 

There  are  only  five  Regular  Solids,  viz. 

The  tetraedron,  or  regular  triangular  pyramid,,  har- 
ing 4 triangular  faces  ; 

The  hexaedron,  or  cube,  having  6 fquare  faces ; 

ihe  ohlaedron,  having  8 triangular  faces ; 

The  dodecaedron,  having  12  pentagonal  faces  ; 

The  icolaedron,  having  20  triangular  faces. 

^ Befides  thefe  five,  there  can  be  no  other  Rec'-ular  Bo- 
dies in  nature. 


Prob.  I.  Fo  confruB  or  form  the 
See  the  method  of  dei'eribing  thefe 
article  Body. 


Regular  Solids. — 
figures  under  the 


2.  To  find  either  the  Surface  or  the  Solid  Content  of  any 
of  the  Regular  Bodies.— Multiply  the  proper  tabular 
area  or  furface  (taken  from  the  following  Table)  by  the 
fquare  of  the  linear  edge  of  the  folid,*for  the  fuper- 
ficies.  And 

Multiply  the  tabular  folldity,  in  the  lafl  column  of 
the  Table,  by  the  cube  of  the  linear  edge,  for  the  fo- 
lid  content. 


Surfaces 

and  Solidities  of  Regular  Bodies,  the  Jlde  being 
unity  or  I. 

No.  of 

fides. 

Name. 

Surface. 

Solidity. 

4 

Tetraedron 

1 *7320508 

OMI7BCI2 

6 

Hexaedron 

6*0000000 

i J o 

I *0000000 

8 

Ottaedron 

3*4641016 

0*4714045 

12 

Dodecaedron 

20*6457788 

7*6631189 

20 

Icofaedron 

8*6602540 

2*1816950 

3.  The  Diameter  of  a Sphere  being  given,  to  find 
the  fide  of  any  of  the  Platonic  bodies,  that  may  be  ei- 
ther inferibed  in  the  fphere,  or  circumferibed  about  the 
fphere,  or  that  is  equal  to  the  fphere. 

Multiply  the  given  diameter  of  the  fphere  by  the 
proper  or  correfponding  number,  in  the  following  Ta- 
ble, anfwering  to  the  thing  fought,  and  theprodud  will 
be  the  fide  of  the  Platonic  body  required. 


The  diam.  of  a 
fphere  being  i, 
the  fide  of  a 

That  may  be 
inferibed  iiithe 
fphere,  is, 

That  may  be  cir- 
cumferibed about 
the  fphei  e,  is 

That  is  equal 
to  the  fphere, 
is 

Tetraedron 

Hexaedron 

Odlaedron 

Dodecaedron 

Icofaedron 

I 1 

0-816497 

0-577350 

0*707107 

0*525731 

0*356822 

2-44948 
1-00000 
1*22474 
o*66t  58 
0*44903 

1*64417 

o’SSojo 

1*03576 

0*62153 

0*40883 

^ ^4.  The  fide  of  any  of  the  five  Platonic  bodies  being 
given,  to  find  the  diameter  of  a fphere,  that  may'’  either 
be  inferibed  In  that  body,  or  circumferibed  about  It,  or 
that  is  equal  to  it.— —As  the  refpcdlive  number  in  the 
Table  above,  under  the  title,  Inferibed,  circumferibed,  or 
fy^ualy  is  to  j,  fo  is  the  fide  of  the  given  Platonic 

body, 
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'body,  to  tlie  diameter  of  its  infcilbed,  circumfcnbedj 

or  equal  fplicre. 

5.  The  fide  of  any  one  of  the  five  Platonic  bodies 
being  given  ; to  find  the  fide  of  any  of  the  other  four 
bodies,  that  may  be  equal  in  folidity  to  that  of  the 
given  body. — As  the  number  under  the  title  equal  in 
the  laft  column  of  the  table  above,  againft  the  given 
Platonic  body,  is  to  the  number  under  the  fame  title, 
againd  the  bodywhofe  fide  is  fought,  fo  is  the  fide 
of  the  given  Platonic_body,  to  the  fide  of  the  body 
fought. 

See  demondrations  of  many  other  properties  of  the 
Platonic  bodies,  in  my  Menfuration,  part  3 fedl.  2 
pa.  249,  &c,  2d  edition. 

Regular  Cur^ve.  See  Curve* 

REGULATOR  of  a Watch,  is  a fmall  fpring  be- 
longing  to  the  balance,  ferving  to  adjud  the  going,  and 
to  make  It  go  either  fader  or  flower. 

REGULUS,  In  Adronomy,a  dar  of  the  di  d mag- 
nitude, in  the  condellation  Leo  ; called  alfo,  from  its 
fituation.  Cor  Leonis,  or  the  Lion'^s  Heart ; by  the 
Arabs,  Alhahor  ; and  by  the  Chaldeans,  Kalhehccd,  or 
Karhcleceid ; from  an  opinion  of  its  influencing  the 
affairs  of  the  heavens  ; as  Theon  obferves. 

The  longitude  of  Regulus,  as  fixed  by  Flamffeed, 
is  25°  31 ' 21^',  and  its  latitude  26'  38''  north.  See 
Leo. 

REINFORCE,  in  Gunnery,  is  that  part  of  a gun 
next  the  breech,  which  Is  made  ffronger  to  refid  the 
force  of  the  powder.  There  are  ufually  two  Reinforces 
in  each  piece,  called  the  fird  and  fecond  Reinforce. 
The  fecond  is  fomewhat  fmaller  than  the  fird,  be- 
caufe  the  Inflamed  powder  in  that  part  Is  lefs 
ftrong. 

Reinforce  Rings  of  a cannon,  are  flat  mouldings, 
like  Iron  hoops,  placed  at  the  breech  end  of  the  fird 
and  fecond  Reinforce,  projeding  beyond  the  red  of  the 
metal  about  a quarter  of  an  Inch. 

REINHOLD  (Erasmus),  an  eminent  adronomer 
and  mathematician,  was  born  at  Salfeldt  in  Thuringia, 
a province  In  Upper  Saxony,  the  11th  of  Odober 
1511.  He  dudled  mathematics  under  James  Milichl 
at  Wittemberg,  in  which  univerfity  he  afterwards  be- 
came profeffor  of  thofe  fciences,  which  he  taught  with 
great  applaufe.  After  writing  a number  of  ufefiil 
and  learned  works,  he  died  the  19th  of  February  1553> 
at  42  years  of  age  only.  His  writings  are  chiefly  the 
following  : 

1.  Thcoria  nova  PJanetariim  G.  Purltichii,  aug- 
mented and  illudrated  wirh  diagrams  and  Scholia  In 
8vo,  I 342  ; and  again  in  l 580.— -In  this  work,  among 
other  things  worthy  of  notice,  he  teaches  (pa.  7^  and 
76)  that  the  centre  of  the  lunar  epicycle  defcrlbes  an 
§val  figure  In  each  monthly  period,  and  that  the  orbit 
of  Mercury  Is  alfo  of  the  fame  oval  figure. 

2.  Ptolomfs  Ahnagcfi,  the  fird  book,  In  Greek, 
with  a Latin  verfion,  and  Scholia,  explaining  the 
more  obfeure  paffages  ; in  8vo,  1549* — At  the  end  of 
pa.  123  he  promifes  an  edition  of  Thcon’s  Commen- 
taries, which  are  very  ufeful  for  underffanding  Pto- 
lomy’s  meaning;  but  his  immature  death  prevented 
Reinhold  from  giving  this  and  other  works  which  he 
had  projcdled. 

3.  PruttniCiX  Pahula  GcAtfimni  flotuumy  in 


lyp;  again  in  1571;  and  alfo  in  1 535.— Reinhold 
fpent  feven  years  labour  upon  this  work,  in  which  he 
was  aflided  by  the  munificence  of  Albert,  duke  of 
Pruffia,  from  whence  the  tables  had  their  name.  Rein- 
hold compared  the  obfervations  of  Copernicus  with 
thofe  of  Ptolomy  and  Plipparchus,  from  whence  he 
condrudted  thefe  new  tables,  the  ufes  of  which  he 
has  fully  explained  in  a great  number  of  precepts  and 
canons,  forming  a complete  introdudlion  to  practical 
adronomy. 

4.  Primus  I'lher  PadmJarum  Direddionum  ; to  which 
are  added,  tlie  Canon  Fcecundus,  or  Table  of  Tangents,^ 
to  every  minute  of  the  quadrant  ; and  New  Tables  of 
Climates,  Parallels  and  Shadows,  with  an  Appendix 
containing  the  fecond  Book  of  the  Canon  of  Direc- 
tions ; in  4to,  1354. — Reinhold  here  fupplies  what  was 
omitted  by  Regiomontanus  in  his  Table  of  Dircdlions, 
&c  ; fliewing  the  finding  of  the  fines,  and  the  condruc- 
tion  of  the  tangents,  die  lines  being  found  to  every 
minute  of  the  quadrant,  to  the  radius  10, coo, 000  ; 
and  he  produced  the  Oblique  Afeendons  from  60  de- 
grees to  the  end  of  the  quadrant.  He  teaches  alfo 
the  life  of  thele  tables  in  the  folution  of  fpherical 
problems. 

Reinhold  prepared  likewife  an  edition  of  many  other 
works,  which  are  enumerated  in  the  Emperor’s  Privi- 
legc,  prefixed  to  the  Pi*utenlc  Tables.  Namely,  Ephe- 
merides  for  fcveral  years  to  come,  computed  from  the 
new  tables.  Tables  of  the  Riling  and  Setting  of  feve- 
ral  Fixed  Stars,  for  many  different  climates  and  times. 
The  illuffration  and  eftablllhment  of  Chronology,  by 
the  eclipfes  of  the  lurriinaries,  and  the  great  conjunc- 
tions of  the  planets,  and  by  the  appearance  of  comets, 
See.  The  Ecclcfiadlcal  Calendar.  The  Hidory  of 
Years,  or  Adronomical  Calendar.  Jfagoge  Spherica^ 
or  Elements  of  the  Doefrine  of  the  Primutn  iVlobile. 
ilypotypofes  Orbium  Cceltfiium,  or  the  Theory  of  Planets. 
Condru6Iion  of  a New  (^JJadrant.  The  Dodlrine  of 
Plane  and  Spherical  Triangles.  Commentai'ies  on  the 
work  of  Copernicus.  Alfo  Commentaries  on  the 
15  books  of  Euclid,  on  Ptolomy’s  Geography,  and 
on  the  Optics  of  Alhazen  the  Arabian. — Reinhold  alfo 
made  Adronomical  Obfervations,  but  with  a wooden 
quadrant,  which  obfervations  were  feen  by  Tycho 
Brahe  when  he  palled  through  Wittemberg  In  the 
year  1375,  who  wondered  that  fo  great  a cultiva- 
tor of  adronomy  was  not  furnilhed  with  better  indru- 
ments. 

Reinhold  left  a fon,  named  alfo  Erafmus  after  him- 
felf,  an  eminent  mathematician  and  phyliclan  at 
Salfeldt.  He  wrote  a fmall  work  in  the  German  lan- 
guage, on  Subterranean  Geometry,  printed  in  qtd*  at 
Erfurt  1575. — He  wrote  alfo  concerning  the  Nev/' 
Star  v\ hich  appeared  in  Cafliopela  in  the  year  1572; 
with  an  Adrological  Prognodication,  publiffied  iu 
1574,  in  the  German  language. 

RELAIS,  in  Fortification,  a French  term,  the 
fame  with  her  me.  ' 

RELATION,  in  Mathematics,  is  the  habitude  or 
refpedl  of  quantities  of  the  fame  kind  to  each  other, 
witli  regard  to  their  magnitude  ; more  ufually  called 
ratio, — And  the  equality,  identity,  or  famcnefs  of  twii 
fuch  Relations,  is  called  proportion. 

Relation,  Inharmonical^  iu  Mufical  Compofitioti, 
Z z 2 
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18  that  whofe  extremes  form  a falfe  or  unnatural  inter- 
val, incapable  of  being  fung. — This  is  otherwife 
called  a f^Ife  Relation,  and  Hands  oppofed  to  a juft  or 
true  one. 

RELATIVE  Gravity,  Levity , Motion,  Necefjtty, 
Place,  Space,  'Time,  F'elocity,  <^c.  See  the  feveral 
fubftantives. 

RELIEVO,  in  ArchiteRure,  denotes  the  fally  or 
project  are  of  any  ornament. 

REMAINDER,  is  the  difference  between  two 
quantities,  or  that  which  is  left  after  fubtradling  one 
from  the  other. 

RENDERING,  in  Building.  See  Pargeting. 

REPELLING  Po'-wer,  in  Phyfics,  is  a certain 
Tr  or  faculty,  refiding  in  the  minute  particles  of 
natural  bodies,  by  which,  under  certain  circumftances, 
they  mutually  fly  from  each  other.  This  is  the  reverfe 
or  oppohte  of  the  attradive  powder.  Newton  ffiews, 
from  obfervation,  that  fuch  a force  does  really  exift  ; 
and  he  argues,  that  as  in  algebra,  where  pofitive 
<|uantitics  ceafe,  there  negative  ones  begin  ; fo  in  phy- 
fics,  where  the  attradive  force  ceafes,  there  a Repelling 
force  muff  begin. 

As  the  Repelling  power  feems  to  arife  from  the  fame 
principle  as  the  attradive,  only  exercifed  under  diffe- 
rent circumftances,  it  is  governed  by  the  fame  laws. 
Now'  the  attradive  power  we  find  is  ftronger  in  fmall 
bodies,  than  in  great  orms,  in  proportion  to  the  maffes  ; 
therefore  the  Repelling  is  fo  too.  But  the  rays  of 
light  are  the  moft  minute  bodies  we  know  of ; and 
therefore  their  Repelling  force  muff  be  the  greateff. 
It  is  computed  by  Newton,  that  the  attradive  force  of 
the  rays  of  light  is  above  icoooooooooooooo,  or  one 
thoufand  million  of  millions  of  times  ftronger  than  the 
force  of  gravity  on  tlie  furface  of  the  earth : hence 
arifes  that  inconceivable  velocity  with  which  light  muff; 
move  to  reach  from  the  fun  to  the  earth  in  little  more 
than  7 minutes  of  time.  For  the  rays  emitted  from 
the  body  of  the  fun,  by  the  vibrating  m.otion  of  its 
parts,  are  no  fooner  got  without  the  fphere  of  attrac- 
tion of  the  fun,  than  they  come  within  the  adion  of 
the  Repelling  power. 

The  elafficity  or  fpringinefs  of  bodies,  or  that  pro- 
perty by  w'hich,  after  having  their  figure  altered  by  an 
external  force,  they  return  to  their  former  Ihape 
again,  follows  from  the  Repelling  power,  bee  Re- 

J'ULSION. 

REPERCUSSION.  See  Reflecfion. 
REPE’FEND,  in  Arithmetic,  denotes  that  part  of 
an  infinite  decimal  fradion,  which  is  continually  re- 
peated ad  infinitum.  Thus  in  the  numbers  2*13  13  13 
&c.  the  figures  13  are  the  Repetend,  and  marked  thus 

Thefe  Repetends  chieffy  arife  in  the  redudion  of 
vulgar  fradions  to  decimals.  Thus,  | .=  0*333 

rz.  o * 3 ; and  | = 01666  &c  = c*i6j  and  ^ = 

©•142857  142857  &c  ^ 0*1*42857.  Where  it  is 

to  be  obferved,  that  a point  is  fet  over  the  figure  of  a 
fingle  Repetend,  and  a point  over  the  firft  and  laft 
figure  when  there  are  feveral  that  repeat. 

Repetends  are  either  /ing/e  or  compound, 

A Singt-e  Repetend  is  that  in  which  only  one  figure 
repeats } as  o ~ 3,^  or  o • 6, 


A Compound  Repetend,  is  that  in  which  two  or 

more  figures  arc  repeated  gas  ‘13,  or  *215,  or  *142857, 
&c.  ' ^ 

Similar  Repetends  are  fuch  a 1 begin  at  the  fame 

place,  and  confift  of  the  f&me  number  of  figures  ; as 

• • • • • -»  ^ 


*3  and  *6,  or  1*341  and  2 “156. 

Dijfnnilar  Repetends  begin  at  different  places,  and 
confift  of  an  unequal  number  of  figures. 

To  find  the fnite  Value  of  any  Repetend,  or  to  re- 
duce it  to  a Vulgar  Fradion,  Take  the  given  repeat- 
ing figure  or  figures  for  the  numerator;  and  for  the 
denominator,  take  as  many  9’s  as  there  are  recurring 
figures  or  places  in  the  given  Repetend. 


and 


# 


and  * 123  = 

999 

« 

and  *0594405  = 
and  • 7692 30  ; 


.11  . 
"353  ’ 
594405 


and  2 -6^  =r  2—  = 


99 


7 

lE 


9999990 
769230  10 

999999  “ 13 
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Hence  it  follows,  that  every  fuch  infinite  Repetend 
has  a certain  determinate  and  finite  value,  or  can  be 
expreffed  by  a terminate  vulgar  fradion.  And  confe- 
quently,  that  an  infinite  decimal  which  does  not  re- 
peat or  circulate,  cannot  be  completely  expreffed  by  a 
finite  virlgar  fradion.  > 

It  may  farther  be  obferved,  that  if  the  numerator  of 
a vulgar  fradion  be  i,  and  the  denominator  any 
pi-irae  number,  except  2 and  5,  the  decimal  which 
ffiail  be  equal  to  that  vulgar  fradion,  will  always  be  a 
Repetend,  beginning  at  the  firff  place  of  decimals; 
and  this  Repetend  muft  neceffarily  be  a fubmultiple, 
or  an  aliquot  part  of  a number  expreffed  by  as  many  r/s 
as  the  Repetend  has  figures;  that  is,  if  the  Repetend 
have  Ijx  figures,  it  will  be  a fubmultiple  of  999999  ; 
if  four  figures,  a fubmultiple  of  9999  5cc.  From' 
whence  it  follows,  that  if  any  prime  number  be 
called  p,  the  feries  9999  &c,  produced  as  far  as 
is  neceffary,  will  always  be  divifible  by  p,  and  the 
quotient  will  be  the  Repetend  of  the  decimal  fradtioH 
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RESIDUAL  Figure,  in  Geometry,  the  figure  re- 
maining after  fubtrading  a lefs  from  a greater. 

Residual  Root,  is  a root  compofed  of  two  parts  or 
members,  only  conneded  together  with  the  fign  — or 
minus.  Thus,  a-^b,  or  5—3,  is  a refidual  root ; and 
is  fo  called,  becaufe  its  true  value  is  no  more  than  the 
refidue,  or  difference  between  the  parts  a and  b,  or  5 
and  3,  which  in  this  cafe  is  2. 

RESIDUUM  of  a Charge^  in  Eledricity,  firff  dif- 
covered  by  Mr.  Gralath,  in  Germany,  in  1746,  is  that 
part  of  the  charge  that  lay  on  the  uncoated  part  of  a 
Leyden  phial,  which  does  not  part  with  all  its  eledri- 
city at  once  ; fo  that  it  is  afterwards  gradually  diffuied 
to  the  coating. 

RESIS  FANCE,  or  Resisting  Force,  in  Phyfics, 
any  power  which  ads  in  oppofition  to  another,  fo  us  to 
deftroy  or  diminilh  its  effed. 


There 
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Ttiere  are  various  kinds  of  Refiflance,  arifing  from 
the  various  natures  and  properties  of  thd  refiding  bo- 
dies, and  governed  by  various  laws ; as,  the  Re- 
finance of  lolids,  the  Refii'lance  of  fluids,  the  Re- 
fillance  of  the  air,  &c.  Of  each  of  thefe  in  their 
order,  as  below. 

Resistance  of  Solids , in  Mechanics,  is  the  force 
with  which  the  quiefcent  parts  of  -folid  bodies  oppofe 
the  motion  of  others  contiguous  to  them. 

Of  thefe,  there  are  two  kinds.  The  firfl;  where  the 
refilling  and  the  refilled  parts,  i.  e.  ■ the  moving  and 
quiefcent  bodies,  are  only  contiguous,  and  do  not  co- 
here ; conllituting  feparate  bodies  or  malTes.  This  Re- 
finance is  \yhat  Leibnitz  calls  Ref fiance  of  the  furf ace, 
bat  which  Is  more  properly  called  frialon  : for  the  laws 
of  which,  fee  the  article  Friction. 

The  fecond  cafe  of  Refiflance,  is  where  the  refill- 
ing and  refilled  parts  are  not  only  contiguous,  but  cohere, 
being  parts  of  the  fame  continued  body  or  mafs.  This 
Refinance  was  firfi  confidered  by  Galileo,  and  may 
properly  be  called  renitcncy^ 

As  to  what  regards  the  Refillance  of  bodies  when 
ftriick  by  others  in  motion,  lee  Percussion,  and 
Collision. 

7heory  of  the  Refifance  of  ^ the  Fibres  of  Solid  Bodies, 
— To  conceive  an  idea  of  this  Refiflance,  or  renirency 
of  the  parts,  fuppofe  a cylindrical  body  fufpended  ver- 
tically by  one  end.  Here  all  Its  parts,  being  heavy, 
tend  downwards,  and  endeavour  to  feparate  the  two 
contiguous  planes  or  furfaces  where  the  body  is  the 
weaken  ; but  all  the  parts  of  them  refill  this  reparation 
by  the  force -with  which  they  cohere,  or  are  bound  to- 
gether. Here  then  are  two  oppofite  powers  ; viz,  the 
weight  of  the  cylinder,  which  tends  to  break  it;  and 
the  force  of  cohefion  of  the  parts,  which  relifis  the 
fradlure. 

If  now  the  bafe  of  the  cylinder  be  incrcafed,  with- 
out increafing  its  length ; It  is  evident  that  both 
the  Refinance  and  the  weight  will  be  Increafed  In 
the  fame  ratio  as  the  bafe  ; and  hence  it  appears  that; 
all  cylinders  of  the  fame  matter  and  length,  whatever 
their  bafes  be,  have  an  equal  Refillance,  when  vertically 
fufpended. 

But  if  the  length  of  the  cylinder  be  increafed,  with- 
out Increafing  its  bafe,  its  weight  is  increafed,  while 
tlie Refinance  or  firength  continues  unaltered;  confe- 
quently  the  lengthening  has  the  effedt  of  weakening  it, 
or  increafes  its  tendency  to  break. 

Hence  to  find  the  greatefi  length  a cylinder  of  any 
matter  may  have,  when  it  juil  breaks  with  the  addition 
of  another  given  weight,  we  need  only  take  any  cylin- 
der of  the  fame  matter,  and  fafien  to  it  the  leall  weight 
that  is  jufi  fufficient  to  break  it ; and  then  confider  how 
much  it  mufi  be  lengthened,  fo  that  the  w'eight  of  the 
part  added,  together  with  the  given  weight,  may  be  juft 
equal  to  that  weight,  and  the  thing  is  done.  Thus, 
let  / denote  the  firft  length  of  the  cylinder,  c its 
weight,  g the  given  weight  the  lengthened  cylinder  is 
to  bear,  and  av  the  lead  weight  that  breaks  the  cylin- 
der /,  alfo  X the  length  fought ; 

then  as  / ; rr  : : r ; y — the  weight  of  the  longeft 

cylinder  fought ; and  this,  together  with  the  given 


weighty,  miiftbe  equal  to  ^ together  with  the  weight 
nv  ; hence  then 

-r- — p ^ ~ ^ . therefore  x = /—  the 

^ c 

whole  length  of  the  cylinder  fought.  If  the  cylinder 
muft  juft  break  with  its  own  weight,  then  is  ^ = o, 

j . , ^ c -4-  w - . 

and  in  that  cafe  .v  ^ — / is  the  whole  length 

that  juft  breaks  by  its  own  weight.  By  this  means 
GaLleo  found  that  a copper  wire,  and  of  confequence 
any  other  cylinder  of  copper,  might  be  extended  to 
4801  braccios  or  fathoms  of  6 feet  each. 

If  the  cylinder  be  fixed  by  one  end  into  a wall,  with 
the  axis  horizontally  ; the  force  to  break  it,  and  its  Re- 
fillance to  fiadluie,  will  liere  be  both  difFeierit ; as  both 
the  weight  to  caufe  the  fradlure,  and  the  Refillance  of 
the  fibres  to  oppofe  it,  are  combined  with  the  cftedls 
of  the  lever , foi  the  weight  to  caufe  the  fra<ilure, 
whether  of  the  weight  of  tl'.e  beam  alone,  orcombined 
with  an  additional  weight  hung  to  it,  is  to  be  fiippofed 
colleaed  into  the  centre  of  gravity,  where  it  is  con- 
fidcied  as  aaing  by  a lever  equal  to  the  dillance  of 
that  centre  beyond  the  face  of  the  wall  where  the  cy- 
linder or  other  prifm  is  fixed  ; and  then  the  produd  of 
the  find  whole  weight  and  dillance,  will  be  the  momen- 
tum or  force  to  break  the  pnTm.  Again,  the  Re- 
fillance of  the  fibies  may  be  iuppofed  colleded  into 
the  centre  of  the  tranfverfe  ledion,  and  all  ading  there 
at  the  end  of  a lever  equal  to  the  vertical  femidiameter 
of  the  fedion,  the  lovvell  point  of  that  diameter  being 
immoveable,  and  about  w^hioh  the  w'hole  diameter  turns 
when  the  prifm  breaks ; and  hence  the  produd  of  the 
adhefive  force  of  the  fibres  multiplied  by  the  (aid  femi- 
diameter, will  be  the  momentum  of  Rcliftance,  and 
muft  fee  equal  to  the  former  momentum  when  the 
prifm  juft  breaks. 

Hence,  to  find  the  length  a prifm  will  bear,  fixed  fo 
horizontally,  before  It  breaks,  either  by  its  own  weight,' 
or  by  the  addition  of  any  adventitious  weight  ; take 
any  length  of  Inch  a prilm,  and  load  it  witli  wei'''’hts 
till  it  juft  break.  Then,  put 

/ = the  length  of  this  prifm, 
c — its  weight, 

au  = the  weight  that  breaks  it, 

Cl  =:  dillance  of  weight  av,  ' 
g—  any  given  w^eight  to  be  borne, 
d — its  dillance, 

X = the  length  required  to  break. 

Then  I : X : : c : —j  the  weight  of  the  prifm  a’, 

, cx  j 

^^<1  ~ ^ = -y  — its  momentum;  alfo  = 


the  momentum  of  the  weight  g ; therefore  ^ f-  d^r  is 

2/ 

the  momentum  of  the  prifm  .v  and  its  added  weight. 
In  like  manner  \cl  + aau  is  that  of  the  former 
or  fliort  prifm  and  tlie  weight  that  brake  it  ; conle- 
c 

qucntly  -^  + Sg  ^ cl  + aw,  and  .v  = 


aw  + 


hcl  — d^ 

^ O 


X 2/  is  the  length  fought,  that  juft 

V-* 

bi'caks 


c 
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breaks  witli  tlic  weight  at  the  diftance  d.  If  this 

a<zu  -f*  2^^  ; 

weight  g be  nothing,  then  x = \/ — — x 2l 


is  tiie  length  of  the  prifm  that  juft  breaks  with  its  own 
weight. 

If  two  prifms  of  the  fame  matter,  having  their  bafes 
and  lengths  in  the  fame  proportion,  be  fulpended  ho- 
1 izontalTy  ; it  is  evident  that  the  greater  has  more 
weight  than  tlie  lefier,  both  on  account  of  its  length, 
and  of  its  bafe  ; but  it  has  lefs  Refiftance  on  account 
of  its  length,  confidered  as  a longer  arm  of  a lever, 
and  has  only  more  Refi Ranee  on  account  of  its  bafe  ; 
therefore  it  exceeds  the  lefier  in  its  momentum^  more 
than  it  does  in  its  Refiftance,  and  confequently  it  muft 
break  more  eafily. 

^ Hence  appears  the  reafon  why,  in  making  fmall  ma- 
chines and  models,  people  are  apt  to  be  miitaken  as  to 
the  Refiftance  and  ftrength  of  certain  horizontal 
pieces,  when  they  come  to  eKecute  their  deligns  in 
large,  by  obferving  the  fame  proportions  as  In  the 
fmall. 

When  the  prifm,  lixed  vertically,  is  jiift  about  to 
break,  there  is  an  equilibrium  between  Its  pofitlve  and 
relative  weight  ; and  confequently  thofe  two  oppoftte 
powers  are  to  each  other  reciproccilly  as  the  arms  of 
the  lever  to  which  they  are  applied,  that  is,  ars  half  the 
diam.eter  to  half  the  axis  of  the  prifm.  On  the  other  hand, 
the  Refiftance  of  a body  is  always  equal  to  the  greateft 
weight  which  It  will  juft  fuftain  in  a vertical  pofition, 
that  is,  to  its  abfolute  weight.  Therefore,  fubftitut- 
ing  the  abfolute  weight  for  the  Refiftance,  it  appears, 
that  the  abfolute  weight  of  a body,  fufpended  hori- 
zontally, is  to  its  relative  weight,  as  the  diftance  of 
its  centre  of  gravity  from  the  fixed  point  or  axis  of 
motion,  is  to  the  diftance  of  the  centre  of  gravity  of 
its  bafe  from  the  fame. 

The  difeovery  of  this  important  truth,  at  leaft  of  an 
equivalent  to  it,  and  to  v/hich  this  is  reducible,  we  owe 
to  Galileo,  On  this  fyftem  of  Refiftance  of  that  author, 
Mariotte  made  an  ingenious  remark,  which  gave  birth 
to  a new  fyftem.  Galileo  fuppofes  that  where  the  body 
breaks,  all  the  fibres  break  at  once  ; fo  that  the  body 
always  lefifls  with  its  whole  abfolute  force,  or  the 
whole  force  that  all  its  fibres  have  in  the  place  where  it 
breaks.  But  Mariotte,  finding  that  all  bodies,  even 
giafs  itfelF,  bend  before  they  break,  firews  that  fibres 
are  to  be  confidered  as  fo  many  little  bent  fprings, 
Which  never  exert  their  whole  force,  till  ftretched  to  a 
certain  point,  and  never  break  till  entirely  unbent. 
Hence  thofe  neareft  the  fulcrum  of  the  lever,  or  loweft 
point  of  the  fradture,  are  ffretched  lefs  than  thofe  far- 
ther off,  and  confequently  employ  a lefs  part  of  their 
force,  and  break  later. 

This  confideration  only  takes  place  in  the  horizontal 
fituation  of  the  body  : in  the  vertical,  the  fibres  of  the 
bafe  all  break  at  once  ; fo  that  the  abfolute  weight  of 
the  body  muft  exceed  the  united  Refiftance  of  all  its 
fibres  ; a greater  weight  is  therefore  required  here  than 
in  the  horizontal  fituation,  that  is,  a greater  weight  is 
required  to  overcome  their  united  Refiftance,  than 
to  overcome  their  feveral  Refiftances  one  after  an- 
other. 

Varignon  has  improved  on  the  fyftem  of  Mariotte, 


and  fhewn  that  to  Galileo’s  fyftem,  it  adds  the  confide-  |,  • 
ration  of  the  centre  of  percuffion.  In  each  fyftem,  the  j 
fedlion,  where  the  body  breaks,  moves  on  the  axis  of  : 
equilibrium,  or  line  at  the  lower  extremity  of  the  fame 
fedlion  ; but  in  the  fecond,  the  fibres  of  this  fedlioii 
are  continually  ftretching  more  and  more,  and  that  In 
the  fame  ratio,  as  they  are  fituated  farther  and  farther 
from  the  axis  of  equilibrium,  and  confequently.  .arc 
ftill  exerting  a greater  and  greater  part  of  their  * 
whole  force. 

Thefe  unequal  extenfions,  like  all  other  forces,  muft  ; 
have  fome  common  centre  where  they  are  united,  ! 
making  equal  efforts  on  each  fide  of  it;  and  as  they  ; 
are  precifely  in  the  fame  proportion  as  the  velo- 
cities wliich  the  feveral  points  of  a rod  moved  circularly  I 
would  have  to  one  another,  the  centre  of  extenfion  of  1 
the  fedtion  where  the  body  breaks,  muift  be  the  fame  as  ' 
its  centre  of  percufiion.  Galileo’s  hypothefis,  where  , | 
fibres  ftretch  equally,  and  break  all  at  once,  corre-  j- 
fponds  to  the  cafe  of  a rod  moving  parallel  to  it-  •! 
feif,  where  the  centre  of  extenfion  or  percufiion  does  | 
not  appear,  as  being  confounded  with  the  centre  of  1 
gravity. 

Hence  it  follows,  that  the  Refiftance  of  bodies  in  , 
Mariotte’s  fyftem,  is  to  that  in  Galileo’s,  as  thedif-y 
tance  of  the  centre  of  percufiion,  taken  on  the  ver-y 
tical  diameter  of  the  fradlure,  is  to  the  whole  of  that.! 
diameter.  Hence  alfo,  the  Refiftance  being  lefs  than  1 1 
what  Galileo  imagined,  the  relative  weight  muft  alfo  1 1 
be  lefs,  and  in  the  ratio  juft  mentioned.  So  that,  ,i 
after  conceiving  the  relative  w^eight  of  a body,  and  its  ; ; 
Refiftance  equal  to  its  abfolute  weight,  as  two  contrary 
powders  applied  to  the  tw^o  arms  of  a lever,  in  the  hypo-  y 
thefis  of  Galileo,  there  needs  nothing  to  change  it  into  * 
that  of  Mariotte,  but  to  imagine  that  the  Refiftance,  y 
or  the  abfolute  w^eight,  is  become  lefs,  In  the  ratio  i , 
above  mentioned,  every  thing  elfe  remaining  the  i 
fame. 

One  of  the  moft  curious,  and  perhaps  the  moft  ufe-  «! 
ful  queftlons  In  this  refearch,  is  to  find  what  figure  a i 
body  muft  have,  that  Its  Refiftance  may  be  equal  or  •! 
proportional  in  every  part  to  the  force  tending  to  break  . 
it.  Ngw'  to  this  end,  It  is  neceflhry,  fome  part  of  It  being  , 
conceived  as  cut  off  by  a plane  parallel  to  the  fradturc,  ,> 
that  the  momentum  of  the  part  retrenched  be  to  its  \ \ 
Refiftance,  in  the  fame  ratio  as  the  momentum  of  the  y 
whole  is  to  its  Refiftance  ; thefe  four  pow'^ers  adfing  by  M 
arms  of  levers  peculiar  to  themfelves,  and  are  proper-  •, 
tlonal  in  the  whole,  and  In  each  part,  of  a folld  of  :i| 
equal  Refiftance.  From  this  proportion,  Varignon  Hi 
eafily  deduces  two  folids,  which  fiiali  refift  equally  ini  I 
ail  their  parts,  or  be  no  more  liable  to  break  in  one  part 
than  in  another : Galileo  had  found  one  before.  That 
difeovered  by  Varignon  Is  in  the  form  of  a trumpet,,] 
and  is  to  be  fixed  into  a wall  at  its  greater  end  ; fo  that  ‘ 
its  magnitude  or  weight  is  alw^ays  dirainiffed  In  proper-  i 
tion  as  its  length,  or  the  arm  of  the  lever  by  which  Its  51 
weight  adfs,  Is  increafed.  It  is  remarkable  that, 
howfoever  different  the  two  fyftems  may  be,  the  folids  - 
of  equal  Refiftance  are  the  fame  in  both. 

For  the  Refiftance  of  a folid  fupported  at  each  end,  , 
as  of  a beam  betw^een  tw^o  walls,  fee  Beam. 

Resistance  of  _ Fluids ^ is  the  force  with  which  ; 

bodies,  i 
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bodies,  moving  in  fluid  mediums,  are  impeded  and  re- 
tarded in  their  motion, 

A body  moving  in  a fluid  is  refided  from  two  caufes. 
The  firll  of  thefe  is  the  cohefion  of  the  parts  of  the 
fluid.  For  a body,  in  Its  motion,  feparating  the  parts 
of  a fluid,  muft  overcome  the  force  with  which  thofe 
parts  cohere.  The  fecond  is  the  inertia,  or  inadlivity 
of  matter,  by  which  a certain  force  is  required  to 
move  the  particles  from  their  places,  in  order  to  let  the 
body  pafs. 

The  retardation  from  the  firfl;  caufe  is  always  tlie 
fame  in  the  fame  fpace,  whatever  the  velocity  be,  the 
body  remaining  the  fame  ; that  is,  the  Refiftance 
is  as  the  fpace  run  through,  in  the  fame  time  : but 
the  velocity  is  alfo  in  the  fame  ratio  of  the  fpace 
run  over  in  the  fame  time  : and  therefore  the  Refifl- 
ance,  from  this  caufe,  is  as  the  velocity  itfelf. 

The  Refiflance  from  the  fecond  caufe,  when  a body 
moves  through  the  fame  fluid  with  diflerent  velocities, 
is  as  the  fquare  of  the  velocity.  For,  firfl;  the  Refift- 
ance increafes  according  to  the  number  of  particles 
or  quantity  of  the  fluid  Itruck  in  the  fame  time  ; which 
number  muft  be  as  the  fpace  run  through  in  that  time, 
that  is,  as  the  velocity  : but  the  Refiftance  alfo  increafes 
in  proportion  to  the  force  with  which  the  body  lirikes 
againft  every  part  ; which  force  is  alfo  as  the  Velocity 
of  the  body,  foas  to  be  double  with  a double  velocity, 
and  triple  with  a triple  one,  fee  : therefore,  on  both 
thefe  accounts,  the  Refiftance  is  as  the  velocity  multi- 
plied by  the  velocity,  or  as  the  fquare  of  the  velocity. 
Upon  the  whole  therefore,  on  account  of  both  caufes, 
viz,  the  tenacity  and  inertia  of  the  fluid,  the  body  is 
reftfted  partly  as  the  velocity  and  partly  as  the  fquare  of 
the  velocity. 

But  when  the  fame  body  moves  through  different 
fluids  with  the  fame  velocity,  the  Refiftance  from  the 
fecond  caufe  follows  the  proportion  of  the  matter  to 
be  removed  In  the  fame  time,  which  is  as  the  denfity 
of  the  fluid. 

Hence  therefore,  if  J denote  the  denfity  of  the  fluid, 

the  velocity  of  the  body, 
and  a and  ^ conftant  coefficients  : 
then  4-  will  be  proportional  to  the  whole  Re- 
fiftance to  the  fame  body,  moving  with  different  velo- 
cities, in  the  fame  diredlion,  through  fluids  of  diffe- 
rent denfities,  but  of  the  fame  tenacity. 

But,  to  take  in  the  confideration  of  different  tena- 
cities of  fluids  ; if  t denote  the  tenacity,  or  the  cohe- 
fion of  the  parts  of  the  fluid,  then  adv"^  -f  btv  will  be 
as  the  laid  whole  Refiftance. 

Indeed  the  quantity  of  Refiftance  from  the  cohefion  of 
the  parts  of  fluids,  except  in  glutinous  ones,  Is  very  fmull 
in  refpe6l  of  the  other  Refiftance  ; and  it  alfo  incrcaies 
in  a much  lower  degree,  being  only  as  the  velocity, 
while  the  other  increafes  as  the  fquare  of  the  velocity, 
and  rather  more.  Hence  then  the  term  btv  is  very 
fmall  in  refpedf  of  the  other  term  adv'^  ; and  confe- 
qiiently  the  Refiftance  is  nearly  as  this  latter  term  ; or 
nearly  as  the  fquare  of  the  velocity.  Which  rule  has 
been  employed  by  moft  authors,  and  is  very  near  the 
truth  in  flow  motions  ; but  In  very  rapid  ones,  it  dif- 
fers confidcrably  from  the  truth,  as  we  ftiali  perceive 
below  ; not  indeed  from  the  omiffion  of  the  fmall  term 
civ,  due  to  the  cohefion,  but  from  the  want  of  the  full 


counter  preflure  on  the  hinder  part  of  the  body,  a va- 
cuum, either  perfea  or  partial,  being  left  behind  the 
body  in  Its  motion  ; and  alfo  perhaps  to  fome  corapref- 
fion  or  accumulation  of  the  fluid  againft  the  fore  part 
of  the  body.  Hence, 

^ conceive  the  Refiftance  of  fluids  to  a body  movloo* 
in  ^them,  ^ we  muft  diftinguifh  between  thofe  fluids 
which,  being  greatly  comprefltd  by  fome  incumbent 
weight,  always  clofe  up  the  fpace  behind  the  body  la 
motion,  without  leaving  any  vacuity  there" ; and  thofe 
fluids  which,  not  being  much  comprefled,  do  not  quick- 
ly fill  up  the  fpace  quitted  by  the  body  in  motion,  but 
leave  a kind  of  vacuum  behind  It.  Thefe  differences, 
in  the  refifting  fluids,  will  occallon  very  remarkable  va- 
rieties in  the  laws  of  their  Refiftance,  and  are  abiolutc- 
ly  neceftary  to  be  confidcred  In  the  determination  of  the 
adflon  of  the  air  on  Ihot  and  fliells  ; for  the  air  partakes 
of  both  thefe  affections,  according  to  the  different  ve- 
loci  ties  of  the  projeded  body. 

Ill  treating  of  Lhefe  Reftftanccs  too,  the  fluids  may 
be  confidered  either  as  continued  or  difeontinued,  that 
IS,  having  their  particles  contiguous  or  elfe  as  feparated 
and  uiicomiedcd  ; and  alfo  either  as  claflic  or  non- 
elaftlc.  If  a fluid  were  fo  conflituted,  that  all  the  par- 
ticles compofing  it  were  at  fome  diftance  from  each 
other,  and  having  no  adiou  between  them,  then  the 
Refiftance  of  a body  moving  In  it  would  be  eafily  com- 
puted, from  the  quantity  of  motion  communicated  ta 
thofe  particles  ; for  iiiftancc,  if  a cylinder  moved  in 
fuch  a fluid  In  the  diredion  of  its  axis,  it  would  com- 
muiiicate  to  the  particles  it  met  with,  a velocity  equal 
to  Its  own,  and  in  its  own  diredion,  when  neither  the 
cylinder  nor  the  parts  of  the  fluid  are  elalllc:  whence, 
if  the  velocity  and  diameter  of  the  cylinder  be  known, 
and  alfo  the  denfity  of  the  fluid,  there  would  thence  be 
determined  the  quantity  of  motion  communicated  to  the 
fluid,  which  ^ (as  action  and  readion  are  equal)  is 
the  fame  with  the  quantity  loft  by  the  cylinder, 
and  confequently  the  Refiftance  would  thus  be  afeer- 
tained. 

In  this  kind  of  difeontinued  fluid,  the  paiticles  beino- 
detached  from  each  other,  every  one  of  them  can  pm?- 
fue  its  own  motion  in  any  diredion,  at  leaft  for  fome 
time,  indepeiidait  of  the  neighbouring  ones  ; fo  tiiat, 
inftead  of  a cylinder  moving  in  the  diredion  of  Its  axis, 
if  a body  with  a furface  oblicpie  to  its  direction  be  fup- 
pofed  to  move  in  fuch  a fluid,  tlie  motion  which  tiie 
parts  of  the  fluid  will  hence  acquire,  will  not  be  In  the 
diredion  of  the  refifted  body,  but  perpendicular  to  its 
oblique  furface  ; whence  the' Refiftance  to  inch  a body 
will  not  be  elllmated  from  the  whole  motion  coimiumi- 
cated  to  the  particles  of  tlie  fluid,  but  from  that  part 
of  it  only  v/hich  Is  in  the  diredion  of  the  refifted  body, 
in  fluids  then,  where  the  parts  are  thus  difeontinued 
from  each  other,  the  difterent  obliquities  of  that  furface 
which  goes  foremoft,  will  occafion  confiderable  changes 
in  the_  Refiftance  ; although  the  tranfverfe  fedioii  of 
the  folld  Ihould  in  all  cafes  be  the  fame  : And  Newton 
has  particularly  determined  that,  In  a fluid  thus  confti- 
tuted,  the  Refiftance  of  a globe  is  but  half  the  Re- 
fiftance of  a cylinder  of  the  fame  diameter,  mov- 
ing, in  the  diredion  of  its  axis,  with  the  fame  ve. 
locity. 

But  though  the  hypothefis  of  a fluid  thus  conflituted 

he 
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be  of  great  ufe  in  explaining  the  nature^  of  Refift- 
ances,  vet  vve  know  of  no  fuch  fluid  exifling  in  na- 
ture ; ad  the  fluids  with  which  we  are  converfant  being 
fo  formed,  that  their  particles  either  he  contiguous  to 
each  other,  or  at  lead  add  on  each  other  ^ in  tlie 
fame  manner  as  if  they  did  ; confec]uently,  m thefe 
fluids,  no  one  particle  that  is  contiguous  to  the 
refilled  body,  can  be  moved,  without  moving  at 
the  fame  time  a great  number  of  otheis,  fome  of 
which  will  be  diflant  from,  it  ; and^  the  motion  thus 
communicated  to  a mats  of  the  fluid,  will  not  be  m 
any  one  determined  dirediion,  but  different  in  all  the 
particles,  according  to  the  different  pofitions  in  wliich 
they  lie  in  contadl  with  tliofe  from  which  they  receive 
then- impulfe  ; whence,  great  numbers  of  the  particles 
being  diverted  into  obli(^us  dn  edfions,  the  Reliflance 
of  the  moving  body,  winch  will  depend  on  the 
quantity  of  motion  communicated  to  the  fluid  in  its 
own  dircaion,  will  be  difleient  in  quanthy  from 
what  it  would  be  in  the  foregoing  fuppofkion,  and 
its  eftimation  becomes  much  more  complicated  and 
operofe. 

if  the  fluid  be  comprcfTed  by  the  incumbent  weignt 
of  its  upper  parts  (as  all  fluids  are  with  us,  except^  at 
-their  very  furface),  and  if  the  velocity  of  the  moving 
bodv  be  much  lefs  than  tiiat  with  viiiich  the  paits  of 
the  fluid  would  riiih  into  a void  fpace,  in  confequeiice 
of  their  comprefiion  ; it  is  evident,  that  in  this  cafe  the 
fpace  left  by  the  moving  bfjdy  w’ill  be  inflantaneoufly 
filled  up  by  the  fluid  ; and  the  parts  of  the  fluid  again fl 
which  tlie  foremoft  part  of  the  body  preffes  in  its  mo- 
tion, will,  inllead  of  being  impelled' forwards  in  the  di- 
recf  ion  of  the  body,  in  fome  m.eafure  circulate  tow^ards 
the  hinder  part  of  the  body,  in  order  to  reflore  the 
equilibrium,  which  the  conffant  influx  of  the  fluid  be- 
hind the  body  w'ould  otherwile  deftroy  ; whence  the 
progrefiive  motion  of  the  fluid,  and  confequently  the 
Refiftance  of  the  body,  wdrich  depends  upon  it,  would 
jB  this  inflance  be  much  lefs,  than  in  the  hypothefis 
where  each  particle  i^  fuppofed  to  acquire,  from 
the  flroke  of  the  refilling  body,  a velocity  equal  to 
that  wuth  which  the  body  moved,  and  in  the  fame  di- 
redlion.  Newton  ha5  determined,  that  the^  R,eliftance 
of  a cylinder,  moving  in  the  diredlion  of  its  axis,  in 
fuch  a comprefled  fluid  as  w^e  have  here  treated  of,  is 
but  one-fourth  part  of  the  Refiifance  to  the  fame  cylin- 
der, if  it  moved  with  the  fame  velocity  in  a fluid 
conllituted  in  the  manner  deferibed  in  the  fii  ft  hypo- 
thefis, each  fluid  being  fuppofed  of  the  fame  dcnfity. 

But  again,  it  is  not  only  in  the  quantity  of  their 
Refiftance  that  thefe  fluids  differ,  but  alfo  in  the  diffe- 
rent manner  in  which  they  a»ff  upon  folids  of  diffeient 
forms  moving  in  them.  In  the  diicontinued  fluid,  fiifl 
deferibed,  the  obliquity  of  the  foremoft  furface  of  the 
moving  body  would  dimlnifli  the  Refiftance  ; but  the 
lame  thing  does  not  hold  true  in  comprefled  fluids,  at 
leaft  not  in  any  confiderable  degree  ; for  the  chief  Re* 
fiftan.ee  in  comprefled  fluids  arifes  from  the  greater  or 
lefs  facility  with  which  the  fluid,  impelled  by  the  fore 
part  of  the  body,  can  circulate  tow-ards  its  hinder  part ; 
and  this  being  little,  if  at  all,  affefted  by  the  fornr  of 
the  moving  body,  whether  it  be  cylindrical,  conical, 
or  fpherical,  it  follows,  that  w'hile  the  tranfverfe  feftion 
of  the  body  is  the  fame,  and  confequently  the  quan- 


tity of  impelled  fluid  alfo,  the  change  of  iu:  f 

the  body  will  fcarcely  affed  the  quantity  of  its  Re- 
fiflance.  » 

And  this  cafe,  vl/.,  the  Refiftance  of  a comprefled  t 
fluid  to  a folid,  moving  in  It  with  a velocity  much  lefs 
than  what  the  parts  of  the  fluid  would  acquire  from  i 
their  corirprefiion,  has  been  ven/  fully  pnfidered  by 
Newton,  w'ho  has  afeertained  the  quantity  of  fuch  a 
Reliflance,  according  to  the  diflerent  magnitudes  of  i 
the  moving  body,  and  the  denfity  of  the  fluid.  But  he 
exprefsly  informs  us  that  the  rules  he  has  laid  dowm,  i 
are  not  generally  true,  but  only  upon  a ruppofition  that 
the  compreffioii  of  the  fluid  be  increafed  in  the  greater  i 
velocities  of  the  moving  body  : however,  fome  unflcil-  i 
ful  writers,  who  have  followed  him,  overlooking  this  ' 
caution,  have  applied  his  deternvination  to  bodies  ; 
moving  with  all  forts  ot  velocities,  without  attending  ^ 
to  the  different  comprefdous  of  the  fluids  they  are  re-  !• 
filled  by  ; and  by  tins  means  they  have  accounted  the  I 
Refiifance,  for  inflance,  of  the  air  to  mufleet  and  can-  r 
non  lliot,  to  be  but  about  one-third  part  of  what  it  is  j 
found  to  be  by  experience.  _ j 

It  is  indeed  evident  that  the  relifling  power  of  the  i 
. medium  mull  be  increafed,  when  the  relifted  body  [ 
moves  fo  fall  that  the  fluid  cannot  inflantaneoufly  prefs  1 
in  behind  it,  and  fill  the  deferted  fpace;  for  when  this 
liappens,  the  'body  will  be  deprived  of  the  preflure  of  » 
the  fluid  behind  it;  which  in  fome  meafure  balanced  i 
its  Refiftance,  or  at  leaft  the  fore  preflure,  and  mull  [ 
fupport  on  its  fore  part  the  whole  weight  of  a column  ! 
of  the  ffuiff,  over  and  above  the  motion  it  gives  to  the 
parts  of  the  fame  ; and  belides,  the  motion  in  the  par-  ' 
tides  driven  before  the  body,  is  Ids  affeded  in  this  t 
cafe  by  the  compreflion  of  the  fluid,  and  confequently 
they  are  lefs  defleded  from  the  diredion  in  which  they  | 
are  impelled  by  the  refilled  furface  ; whence  it  happens 
that  this  fpecies  of  Refiftance  approaches  more  and  | 
more  to  that  deferibed  in  the  firfl  hypothefis,  where  i 
each  particle  of  the  fluid  being  unconiieded  wdth  the  i 
neighbouring  ones,  purfued  its  own  motion,  in  its  own  I 
diredion,  without  being  interrupted  or  defleded  by  : 
their  contiguity  ; and  therefore,  as  the  Refiflance  of  a ! 
diicontinued  fluid  to  a cylinder,  moving  in  the  direc-  : 
tion  of  its  axis,  is  4 times  greater  than  the  Refiftance 
of  a fluid  fufficiently  comprefled  of  the  fame  denfity,  I 
it  follows  that  the  Refiflance  of  a fluid,  when  a vacuity  ; 
is  left  behind  the  moving  body,  may  be  near  4 times  i 
greateri^than  that  of  fiie  fame  fluid,  when  no  fuch 
vacuity  is  formed  ; for  when  a void  fpace  is  thus  left,  (I 
the  Refiftance  approaches  in  Its  nature  to  that  of  a dif-  H 
continued  fluid. 

This  then  may  probably  be  the  cafe  in  a cylinder 
moving  in  the  fame  comprefled  fluid,  according  to  the  ^ 
different  degrees  of  its  velocity  ; lo  that  if  it  fet  out 
wdth  a great  velocity,  and  moves  in  the  fluid  till  that 
velocity  be  much  diminilhed,  the  refifting  power  of  the 
medium  may  be  near  4 times  greater  In  the  beginning  of  | 
its  motion  than  in  the  end. 

In  a globe,  the  difference  will  not  be  fo  great,  be- 
caufe,  on  account  of  Its  oblique  furface,  its  Refiifance 
in  a difcontiniied  medium  is  but  about  twice  as  much 
as  in  one  properly  comprefled  ; for  its  oblique  furface 
dimliiifhes  its  Refiftance  In  one  cafe,  and  not  iiy  the 
Other ; however,  as  the  comprefiion  of  the  medium, 

even 
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emi  vvVien  a vacuity  is  left  behind  the  moving  body, 
may  yet  confine  the  oblique  motion  of  the  parts  of  the 
fluid,  vdiich  are  driven  before  the  body,  and  as  in  an 
elatlic  fl  id,  fuch  as  our  air  is,  there  will  be  fome  degree 
of  condenfation  in  thofe  parts;  itfs  highly  probable  that 
the  Refinance  of  a globe,  moving  in  a comprefled  fluid 
with  a very  great  velocity,  may  greatly  exceed  the  pro- 
portion of  the  Reliftance  to  flow  motions. 

And  as  this  increafe  of  the  refifting  power  of  the 
medium  wdll  take  place,  when  the  velocity  of  the  moving 
body  Is  fo  great,  that  a perfedl  vacuum  is  left  behind  it, 
fb  fome  degree  of  augmentation  will  be  fenfible  in  velo- 
cities much  fiiort  of  this  ; for  even  when,  by  the 
compreffion  of  the  fluid,  the  fpace  left  behind  the  body 
is  inftantaneoufly  filled  up  ; yet,  if  the  velocity  with 
which  the  parts  of  the  fluid  rufli  in  behind,  is  not 
much  greater  than  that  with  which  the  body  moves, 
the  fame  reafons  that  have  been  urged  above,  in  the 
cafe  of  an  abfolute  vacuity,  will  hold  in  a lefs  degree  in 
this  inlfance  ; and  therefore  it  is  not  to  be  fuppofed 
that,  in  theincreafed  Refiitance  which  has  been  hitherto 
treated  of,  it  Immediately  vanlfhes  when  the  compreffion 
of  the  fluid  is  jull  fufficient  to  prevent  a vacuum  behind 
the  refifled  body,;  but  we  muff  confider  It  as  dimlnlfh- 
ing  only  according  as  the  velocity,  with  which  the’ 
parts  of  the  fluid  follow  the  body,  exceeds  that  wuth 
which  the  body  moves. 

Hence  then  it  may  be  concluded,  that  if  a globe 
fets  out  in  a refifling  medium,  with  a velocity  much 
exceeding  that  with  which  the  particles  of  the  medium 
w^ould  rufh  into  a void  fpace,  in  confequence  of  their 
compreffion,  fo  that  a vacuum  is  neceffarily  left  behind 
the  globe  in  its  motion  ; the  Refiflance  of  this  medium 
to  the  globe  wu'll  be  much  greater,  in  proportion  to  its 
velocity,  than  what  wt  are  fare,  from  Sir  I.  Newton, 
would  take  place' in  a flower  motion.  We  may^  farther 
conclude,  tliat  the  refifling  power  of  the  medium  will 
gradually  diminifh  as  the  velocity  of  the  globe  decrcafes, 
till  at  laft,  when  it  moves  with  velocities  which  bear  but 
a fmall  proportion  to  that  wuth  which  the  particles  of  the 
medium  follow  it,  the  Refiflance  becomes  the  fame 
with  wiiat  is  affigned  by  Newton  in  the  cafe  of  a com- 
prefled fluid. 

And  from  this  determination  may  be  feen,  bow  falfe 
that  pofition  is,  wdiich  aflerts  the  Refiflance  of  any 
medium  to  be  always  in  the  duplicate  ratio  of  the  ve- 
locity of  the  refifled  body  ; for  it  plainly  appears,  by 
wdiat  has  been  fald,  that  this  can  only  be  confidered  as 
nearly  true  in  fmall  variations  of  velocity,  and  can  never 
be  applied  in  comparing  together  tlie  Refiflances  to  all 
velocities  whatever,  wuthout  inciin  ing  the  moll  enor- 
mous errors.  See  Robins’s  Gunnery,  chap.  2 prop,  i, 
and  my  Seledl  Excrcifes  pa.  235  See.  See  alfo  the 
articles  Resistance  of  the  Atr,  Projectile,  and 
Gunnery. 

Refiflance  and  retardation  are  iifed  indilTerently  for 
each  other,  as  being  both  in  the  fame  proportion,  and 
the  fame  Refiflance  always  generating  the  lame  retarda- 
tion. But  with  regard  to  different  bodies,  the  fame 
Refiflance  frequently  generates  different  retardations ; 
the  Refiflance  being  as  the  quantity  of  motion,  and  the 
retardation  that  of  the  celerity.  For  the  diflereuce  and 
mealure  of  the  tw'o,  fee  Retardation. 

The  retardations  from  this  Refiflance  may  be  com- 
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pared  together,  by  comparing  the  Refiflance  wuth  the 
gravity  or  quantity  of  matter.  It  is  demonftrated  that 
the  Refill  ance  of  a cylinder,  which  moves  in  the  direc- 
tion of  its  axis,  is  equal  to  the  weight  of  a column  of 
the  fluid,  whofe  bale  is  equal  to  that  of  tlie  cylinder, 
and  its  altitude  equal  to  the  height  through  which  a 
body  mull  fall  in  vacuo,  by  tlie  force  of  gravity,  to 
acquire  the  velocity  of  the  moving  body.  So  that,  if 
a denote  the  area  of  the  face  or  end  of  the  cylinder,  or 
other  prilm,  d its  velocity,  and  tt  the  fpecific  gravity 
of  the  fluid  ; then,  the  altitude  due  to  the  velocity  v 

being  — , the  w’hole  Refiflance,  or  motive  force  w. 


W'ill  be  X « X 


4^ 


annj^ 


the  quantity  g being 


= i6yV  feet,  or  th.e  fpace  a body  falls,  in  vacuo,  in 
the  firil  fecond  of  time.  And  the  Refiflance  to  a globe 
of  the  fame  diameter  would  be  the  half  of  this. — Let 
a ball,  for  inftance,  of  3 inches  diameter,  be  moved  In 
water  with  a celerity  of  16  feet  per  fecond  of  lime: 
now  from  experiments  on  pendulums,  and  on  falling 
bodies,  It  has  been  found,  that  this  Is  the  celerity  which 
a body  acquires  in  falling  from  the  height  of  4 feet  ; 
therefore  the  weight  of  a cylinder  of  water  of  3 inches 
diameter,  and  ^ feet  high,  that  is  a weight  of  about 
12  lb  4 oz,  is  equal  to  the  Refiflance  of  the  cylinder  ; 
and  confequently  the  half  of  it,  or  6 lb  2 oz  is  that  of 
the  ball.  Or,  the  formula 


anv" 


gives 


•7834  X 9 X 1000  X t6  X 16 


= 196  cz, 

144  X 4 X 16 

or  12  lb  4 oz,  for  the  Refiflance  of  the  cylinder,  01* 
6 lb  2 oz  for  that  of  the  ball,  the  fame  as  before. 

Let  now  the  Refiflance,  fo  difeovered,  be  divided 
by  the  weight  of  the  body,  and  the  quotient  will  fliew 
the  ratio  of  th.e  retardation  to  the  force  of  gravity.  So 
if  the  faid  ball,  of  3 Inches  diameter,  he  of  call  iron, 
it  will  weigh  nearly  61  ounces,  or  351b;  and  the 
Refiflance  being  6 lb  2 oz,  or  98  ounces  ; therefore, 
the  Refiflance  being  to  the  gravity  as  98  to  61,  the  re- 
tardation, or  retarding  force,  will  be  ^ | or  j the 
force  ol  gravity  being  I.  Or  thus  ; becaufe  a the  area 
of  a great  circle  of  the  ball,  is  = / where  d is  the 
diameter,  and  p = *7834,  therefo're  the  Refiflance  to 

piid^ 


the  ball 


is  m — 


'^g 


and  becaufe  its  folid  con- 


tent is  n.v  — \pd'^y  and  its  weight  I'^pd^y  wdiere  N 
denotes  its  fpecific  gravity ; therefore,  dividing  tlic 
Refiflance  or  motive  force  m by  the  weight  w,  gives 
tn  'iTi 

— ■ = — ^ = f retardation,  or  retarding  force, 

w 1 6 N dg 

that  of  gravity  being  r ; which  is  therefore  as  the 
fquare  of  the  velocity  diredlly,  and  as  the  diameter  in- 
verfely;  and  this  isthereafon  why  a large  ball  overcoines 
the  Refiitance  better  than  a fmall  one,  of  the  fame  den- 
fity.  See  my  Seh  cfl  Excrcifes,  pa.  225  See. 

Resistance  of  fluid  Mediums  to  ihe  Moilon  of  Fidling 
Bodies. — A body  freely  defeending  in  a fluid,  is  acce- 
lerated by  the  relative  gravity  of  the  body,  (that  is, 
tlie  difference  between  its  own  abfolute  gravity  and 
that  of  a like  bulk  of  the  fluid),  wffiich  continually  adls 
upon  it,  yet  not  equably,  as  in  a vacuum  : the  Refifl- 
ance <ffthe  fluid  occafions  a retardation,  or  diminution 
3 of 
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of  acceleration,  which  diminution  Increafes  with  the 
velocity  of  the  body.  Hence  it  happens,  that  there 
is  a certain  velocity,  which  is  the  greateft  that  a body 
can  acquire  by  falling  ; for  if  its  velocity  be  fuch,  that 
the  Refiftaiice  ariling  from  it  becomes  equal  to  the  re- 
lative weight  of  the  body,  its  motion  can  be  no  longer 
accelerated  ; for  the  motion  here  continually  generated 
by  the  relative  gravity,  will  be  deftroyed  by  the  Re- 
fiilance,  or  the  force  of  Refiilance  is  equal  to  the  relative 
gravity,  and  the  body  forced  to  go  on  equably  : tor 
afcer  the  velocity  is  arrived  at  fuch  a degree,  that  the 
refilling  force  is  equal  to  the  weight  that  urges  it,  it 
■Will  increafe  no  longer,  and  the  globe  mull  afterward 
continue  to  defeend  with  that  velocity  uniformly.  A 
body  continually  comes  nearer  and  nearer  to  this  greateft 
celerity,  but  can  never  attain  accurately  to  it.  Now, 
N and  n being  the  Ipecific  gravities  of  the  globs 
and  fluid,  N — n will  be  the  relative  gravity  of  the 
globe  in  the  fluid,  and  therefore  w = — k) 

is  the  weight  by  which  it  is  urged  downward;  alfo 

^ is  the  Refiflance,  as  above  ; thereiors 


m 


b 9- 


thefe  tw^o  muft  be. equal  when  the  velocity  can  be  no 

' . pnd'^id-  . 

---  == 


q) 


V 

6 


or 

m '=z 

— 

— n 

71 

g 


(N  or  — '^f^dg  (N  — n). and  hence 


dg  X is  the  faid  uniform  or  greateft 


velocity  to  which  the  body  may  attain  which  Is  evi- 
dently  the  greater  in  the  fubduplicate  proportion  of  v 
the  diameter  of  the  bail.  But  v is  always  y'  ^gf 
the  velocity  generated  by  any  accelerative  force  f in 
delcribing  the  fpace  s ; which  being  corripared  with  the 

• • • ““  TL 

former,  it  gives  s — ^d,  when  f » — ; that 

71 

is,  the  greateft  velocity  is  that  which  is  generated  by  the 
-.-,N 

acceleratincf  force’— 


- n 


n 


in  palling  over  the  fpace 

or  f of  the  diameter  of  the  ball,  or  it  is  equal  to  the 
velocity  generated  by  gravity  in  deferibing  the  fpace 

JnJ  — 'll 

X id*  For  ex.  if  the  ball  be  of  lead,  which: 

n 

is  about  times  the  denflty  of  water;  then 
N = 1 1 K ; 


I,  N 


n 


71 


=:  10  : = 


n 


4^,1 
-F  > 


and 


N 


TV 


X id  zz  %'d 


n 


is,  the 


uniform  or  greateft  velocity  of  a ball  of  lead,  defeend- 
ing  in  water,  is  equal  to  that  which  a heavy  body 
acquired  by  falling  in  vacuo  through  a fpace  equal 
to  13  I of  the  diameter  of  the  ball,  which  velocity  is 


qj  zzz  ^ 


X 


N 


n 


71 


— 2 /v/13  3 ^ 


nearly,  or  8 times  the  root  of  the  fame  fpace. 

Flence  it  appears,  how  foon  fmali  bodies  come  to 
their  greateft  or  uniform  velocity  in  defeending  in  a 
fluid,  as  w^ater,  and  how  very  fmali  that  velocity  is  : 
■which  explains  the  reafon  of  the  flow  precipitation  of 
and  fmali  particles,  in  water,  as.  alfo  why,  in 
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precipitations,  the  larger  and  ‘grofs  particles  defeentS 
fooneft,  and  the  loweft. 

Farther,  where  N or  the  denflty  of  the  fluid  is. 
equal  to  that  of  the  body,  then  N — « — o,  coiife- 
quently  the  velocity  and  diflance  defeended  are  each 
nothing,  and  the  body  will  juft  float  in  any  part  of  the 
fluid. 

Moreover,  wFen  the  body  is  lighter  than  the  fluid,, 
then  N is  lefs  than  w,  and  N — 71  becomes  a negative 
quantity,  or  the  force  and  motion  tend  tiie  contrary 
wavj  that  is,  the  ball  will  afeend  up  towards  the  top  of 
the  fluid  by  a motive  force  which  is  as  72  — N.  Irb 
this  cafe  then,  the  body  afeending  by  the  adlion  of  the 
fluid,  is  moved  exadtiy  by  the  fame  laws  as  a heavier 
body  falling  in  theflnid.  Wherever  the  body  is  placed,, 
it  is  fuftained  by  the  fluid,  and  carried  up  with  a force 
equal  to  the  difference,  of  the  weight  of  a quantity  of 
the  fluid  of  the  fame  bulk  as  the  body,  from  the  weight 
of  the  body;  there  is.  therefore  a force  which  continually 
adds  equably  upon  the  body  ; by  vrhicb  not  only  the 
adtion  of  gravity  of  the  body  is  countei  adled,  fo  as  that 
it  is  not  to  be  eonfidered  in  this,  cafe  ; but  the  body  is 
alfo  carried  upwards  by,  a motion  equably  accelerated,, 
in  the  fame  manner  as  a body  heavier  than  a fluid  de-* 
fceiids  by  its  relative  gravity  : hut  the  equability  of 
acceleration  is.  deftroyed  in  the  fame  manner  by  the- 
Refiftance,  in  the  afeent  of  a body  lighter  than  thcj, 
fluid,  as  it  is'deftroyed  in  the  defeent  of  a body  that 
is  heavier. 

For  the  circumftan^tes  of  the  correfpondent  velocity^ 
fpace,  and  time,  &c,  cf  a body  moving  in  a fluid  in 
which  it  is  projedled  with  a given  velocity,  or  defeend- 
ing by  its  own  w^eight,  &c,  fee  my  Seledl  Exercifes,, 
prop.  29,  30,  31,  and  32,  pag.  221  &c. 

Resistance  of  the  Ah\  in  Pneumatics,  is  the  force 
•wdth  which  the  motion  of  bodies,  particularly  of  pro- 
j.edliles,  is  retarded  by  the  oppofition  of  the  air  or  at- 
mofphere.  See  Gunn-ery,  Projectiles, 

The  air  being  a fluid,  the  general  laws  of  the  Re- 
fiftance of  fluids  obtain  in  it ; fubjedt  only  to  fome 
variations  and  irregularities  from  the  different  degrees 
of  denflty  in  the  different  ftations  or  regions  of  the  at-- 
mofphere. 

The  Refiftance  of  the  air  is  chiefly  of  ufe  in  military 
projedliles,  In  order  to  allow  for  the  differences  caufed- 
in  their  flight  and  range  by  it.  Before  the  time  of 
Mr.  Robins,  it  w^as  thought  that  this  Refiftance  to  the 
motion  of  fuch  heavy  bodies  as  iron  balls  and  fheils,, 
was  too  inconfiderable  to  be  regarded,  and  that  the 
rules  and  concluHons  derived  from  thecommon  parabolic 
theory,  were  fufiiciently  exadl  for  the  common  pradllce 
of  gunnery.  But  that  gentleman  fhew.ed,  in  his  New, 
Principles  of  Gunnery,  that,  fo  far  from  being  incon- 
fiderable, it  Is  in  reality  enormoufly  great,  and  by  no. 
means  to  be  rejedtpd  without  incurring  the  groffeft 
errors  ; fo  much  fo,  that  balls  or  fheils  which  range,  at 
the  mofl,  in  the  air,  to  the  diflance  of  two  or  three 
miles,  wmuld  in  a vacuum  range  to  20  or  30  miles,  or 
moie.  To  determine  the  quantity  of  this  Rtfltlance,  in- 
the  cafe  of  diflerent  velocities,  Mr.  Robins  difeharged 
m.uflcet  balls,  with  various  degrees  of  knowm  velocity, 
againft  his  halliftic  pendulums,  placed  at  feveral  different 
dillances,  and  fo  difeovered  by  experiment  the  quantity 
of  velocity  loft,  wEen  pafiing  through,  thofe  diftances 

or 
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or  fpaces  of  air,  ^'vlt’h  the  feveral  known  degrees  of 
celerity.  For  having  thus  known,  the  velocity  loft  or 
deftroyed,  in  pafting  over  a certain  fpace,  in  a certain 
time,  (which  time  is  very  nearly  equal  to  the  quotient 
of  the  fpace  divided  by  the  medium  velocity  between 
the  greateft  and  leaft,  or  between  the  velocity  at  the 
mouth  of  the  gun  and  that  at  the  pendulum};  that  is, 
knowing  the  velocity  ‘U,  the  fpace  j,  and  time  /,  the 
refilling  force  is  thence  eafily  known,  being  equal 
n)h  h 

to  or , where  b denotes  the  weierht  of  the 

lot  z g- s ® 

o <!> 

• ball,  and  V the  medium  velocity  above-mentioned. 
The  balls  employed  upon  this  occafion  by  Mr.  Robins, 
were  leaden  ones,  of  of  a pound  weight,  and  ^ of 
an  inch  diameter  ; and  to  the  medium  velocity  of 

* 1600  feet  the  Reliftance  was  1 1 lb, 

1065  feet  - - it  was  ; 

but  by  the  theory  of  Newton,  before  laid  down,  the 
former  of  thefe  Ihould  be  only  4^  lb,  and  tlie  latter 
2 lb  ; fo  that,  in  the  for  mer  cafe  the  real  Refiftance  is 
more  than  double  of  that  by  the  theory,  being  increafed 
as  9 to  22;  and  in  the  lefter  velocity  the  increafe  is 
from  2 to  2|:,  or  as  ^ to  7 only. 

Mr.  Robins  alfo  invented  another  machine,  having  a 
whirling  or  circular  motion,  by  which  he  meafured  the 
Refifl^ances  to  larger  bodies,  though  with  much  fmaller 
velocities  : it  is  deicribed,  and  a figure  of  it  given,  near 
the  end  of  the  ill  vol.  of  his  works. 

That  this  refilling  power  of  the  air  to  fwlft  motions 
is  very  fenfibly  increafed  beyond  what  Newton’s  theory 
for  flow  motions  makes  it,  feems  hence  to  be  evident.  * 
By  other  experiments  it  appears  that  the  Refiftance  is 
very  fenfibly  increafed,  even  in  the  velocity  of  400  feet. 
However,  this  increafed  power  of  Refiftance  diminifhes 
as  the  velocity  of  the  refilled  body  diminifhes,  till  at 
length,  when  the  motion  is  fufficiently  abated,  the 
adlual  Refiftance  coincides  with  that  fuppofed  in  the 
theory  nearly.  For  thefe  varying  Reliftances  Mr. 
Robins  has  given  a rule,  extending  to  1670  feet 
velocity. 

Mr,  Euler  has  fhewn,  that  the  common  dodlrine  of 
Refiftance  anfwers  pretty  well  when  the  motion  is  not 
very  fwhft,  but  in  fvvift  motions  it  gives  the  Refiftance 
lefs  than  it  ought  to  be,  on  two  accounts.  1.  Becaufe 
in  quick  motions,  the  air  does  not  fill  up  the  fpace.  be- 
hind the  body  faft  enough  to  prefs  on  the  hinder  parts,  ,■ 
to  countei balance  the  weight  of  tlie  atmofphere  011  the 
fore  part.  2.  The  denfity  of  the  air  before,  the  ball 
being  increafed  by  the  quick  motion,  will  prefs  more 
ftiongly  on  the  fore  part,  and  fo  will  refill  more  than 
lighter  air  in  its  natural  ftate.  He  has  fliewn  that  Mr. 
Robins  has  reftrained  his  rule  to  velocities  not  exceeding 
1670  feet  per  fecond  ; whereas  had  he  extended  it  to 
greater  velocities,  the  relult  muft  have  been  erroneous  ; 
and  he  gives  another  formula  himfeif,  and  deduces  con- 
clulions  differing  from  thofe  of  Mr.  Robins.  Sec 
his  Principles  of  Gunnery  inveliigated,  tranflated  by 
Browm  In  1777,  pa.  224  &c. 

Mr,  Robins  having  proved  thaty  in  very  great  changes 


of  velocity,  the  Refiftance  does  not  accurately  follow 
the  duplicate  ratio  of  the  velocity,  lays  down  two  po- 
htions,  which  he  thought  might  be  of  fome  fervice  in 
tne  pradlice  of  artillery,  till  a nrore  complete  and  ac- 
curate theory  of  Refiftance,  and  the  changes  of  its 
augmentation,  may  be  obtained.  The  firft  of  thefe  is, 
that  till  tlie  velocity  of  the  projedile  furpafs  I 100  or 
1200  feet  in  a fecond,  the  Refiftance  may  be  efteemed 
to  be  in  the  duplicate  ratio  of  the  velocity  : and  the  fc- 
coud  is,  that  when  the  velocity  exceeds  i looor  i 200  feet 
thep  the  abfolute  quantity  of  the  Refiftance  will  be  near 
3 times  as  great  as  it  fhould  be  by  a comparifon  with 
the  Imaller  velocities.  FTpon  thefe  principles  he  pro- 
ceeds  111  approximating  to  the  aaual  ranges  of  pieces 
with  Imall  angles  of  elevation,  viz,  fuch  as  do  not  ex- 
ceed 8°  or  10°,  which  he  fetsdownin  a table,  compared 
with  their  correfponding  potential  ranges.  See  his 
Mathematical  Trads,  vol.  i pa.  179  &c.  But  we 
mail  fee  prefently  that  thefe  pofitions  are  both  without 
foundation  ; that  there  is  no  fuch  thing  as  a fuddeti  or 
abrupt  change  in  the  law  of  Refiftance,  ^from  the  fquare 
of  the  velocity  to  one  that  gives  a quantity  three  times 
as  much ; out  that  the  change  is  flow'  and  graduaft 
continually  from  the  fmallcft  to  the  higheft  velocities; 
and  that  the  increafed  real  Refiftance  no  where  rifes- 

higher  than  to  about  double  of  that  which  Nevvtoii’d 
theory  gives  it. 

Mr.  Glenie,^  in  his  Hiftory  of  Gunnery,  1776,  pn* 
49’  obfeives,  in  conrequence  of  fome  experiments  with 
a lifted  piece,  properly  fitted  for  experimental  purpofes, 
that  the  Refiftance  of  the  air  to  a velocity  fomewhat 
lels  than  that  mentioned  in  the  firft  of  the  above  pro- 
pohtions,  is  confiderably  greater  than  in  the  duplicate 
latio  of  the  velocity  ; and  that,  to  a celerity  fomewhat 
greater  than  that  ftated  in  the  fecond,  the  Refiftance 
is  confiderably  lefs  than  that  which  is  treble  the  Refin- 
ance in  the  faid  ratio.  Some  of  Robins’s  own  experi- 
ments ft_em  neceffaiily  to  make  it  fo  ; fince,  to  a velocity 
no  quicker  than  400  feet  in  a fecond,  he  found  the 
Refiftance  to  be  fomewhat  greater  than  in  that  ratio. 
But  the  true  value  of  the  ratio,  and  other  circumllances 
of  this  Refiftance,  will  more  fully  appear  from  what 
follows. 

Fhe  fubjecl  of  the  Refiftance  of  the  air,  as  begun 

Robins,  has  been  profecuted  by  myfelf,  to  a veiy' 
gieat  extent  and  variety,  both  with  the  whirling  ma- 
cfime,  and  with  cannon  balls  of  all  lizcs,  from  i lb  to 
6Ib  weight,  as  well  as  with  figures  of  many  other  dif- 
ferent ftia'pcs,  both  on  the  fore  pait  and  hind  part  of 
them,  and  with  planes  fet  at  all  varieties  of  angles  of 
inclination  to  the  path  or  motion  of  the  fame  ; from  all 
which  I hav’e  obtained  the  real  Refiftance  to  bodies  for 
all  velocities,  from  1 up  to  zooo  feet  per  fecond  ; 
together  with  the  law  of  tlie  Refiftance  to  the  lame 
body  for  all  different  velocities,  and  for  different  lizes 
with  the  fame  velocity,  and  alfo  for  all  angles  of  in- 
clination ; a full  account  of  which  would  make  a book 
of  itfelf,  and  muft  be  referved  for  fome  other  occafioiu  ' 
In  the  mean  time,  fome  general  tables  of  conclufioiis  . 
may  be  taken  as  below. 
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Ta  BLE  I.  Rejijiances  of  dlf'eroni  .Bodies^ 


Veloc . 

sm-ifl 
He  mil'. 

I arge 

Hcmif* 

Cone 

Cylin- 

Whole 

Kefif. 
as  the 

per 

Sec. 

der 

globe 

power 
of  tl'e 
veloc- 

fiat 

fide 

flat 

fide 

round 

fide 

vertex 

bafe 

re.st 

GZ 

OZ 

O'Z. 

OZ 

OZ 

OZ 

3 

*028 

•031 

’02c 

*028 

*064 

'050 

*027 

4 

*048 

•096 

•039 

*048 

*109 

•090 

-047 

5 

•072 

* 148 

‘c6  3 

*071 

*162 

•J43 

*068 

6 

•loy 

*211 

*092 

'098 

•225 

•2C5 

•094 

7 

•141 

•284 

*123 

*129 

'298 

•278 

•125 

8 

•1  84. 

•268 

’160 

*168 

•382 

*360 

•I  62 

9 

•233 

•464 

•199 

*21  1 

•478 

•456 

*205 

10 

*287 

‘‘:73 

*242 

•260 

•587 

•t65 

*255 

1 1 

•349 

•698 

*292 

•315 

*712 

*6S8 

*310 

2-052 

12 

*418 

•S36 

•347 

•850 

•826 

•370 

2*042 

13 

•492 

•9S8 

•409 

•440 

I *oco 

•979 

•435 

2*236 

14 

*573 

I " 1 14 

*478 

I • 1 66 

T-I45 

*505 

2-03  1 

I s 

•661 

1-3  36 

• ^ r 

•589 

I *346 

1727 

*581 

2*03  I 

16 

•754 

1-538 

•634 

•673 

1 *546 

.1-526 

T663 

2-033 

17 

•853 

1757 

'762 

17^3 

1745 

•7  t2 

2*038 

. 18 

•959 

1-998, 

•818 

•858 

2*002 

1*986 

*848 

2*0^4 

19 

1 *023 

2*258: 

*922 

•959 

2*260 

2-246 

•949* 

2*c47 

: 20 

1*196 

2*54'! 

T*03^ 

I *069 

2*540 

2-528 

1-057 

2*05  T 

Mean 
prcDor. 
Nes  . 

140 

288  1 

it9 

126 

291 

285 

124 

2*040' 

T 

3 f 

4 

5 

6 

7 

8 

9 

Tn  this  Table  are  contained  the  Refiflances  to  feveral 
forms  of  bodies,  when  moved  with  feveral  degrees  of 
velocitv,  from  3 feet  per  iecond  to  ^o.  The  names  of 
the  bodies  are  at  the  tops  of  the  columns,  as  alfo  which 
end  went  foremoft  through  the  air  ; the  different  velo- 
cities are  in  the  firh.  column,  and  the  Ivefiflances  on 
the  famie  line,  in  their  feveral  columns,  in  avoirdupois 
ounces  and  decimal  parts.  So  on  the  firft  line  are  con- 
tained the  Refinances  when  the  bodies  move  with  a ve- 
locity of  3 feet  in  a fecond,  viz,  in  the  id  column  for 
the  fmall  hernifphere,  of  4!  Inches  diameter,  its  Re- 
fiftance  *028  oz  when  the  flat  fide  went  foremoft  ; in 
the  3d  and  4th  columns  the  Refiifances  to  a larger 
hernifphere,  firft  with  the  flat  fide,  and  next  the  round 
lide  foremoft,  the  diameter  of  this,  as  well  as  all  the 
following  figures  being  6|  inches,  and  therefore  the 
area  of  the  great  circle  ==  32  fq.  inches,  or  ^ of  a fq. 
foot;  then  in  the  5th  and  6th  columns  are  the  Refin- 
ances to  a cone,  fiifl  its  vertex  and  then  its  bafe  foremoft, 
the  altitude  of  the  cone  being  6|  inches,  the  fame  as 
the  diameter  of  its  bafe  ; in  the  7th  column  the  Refin- 
ance to  the  end  of  the  cylinder,  and  m the  8tn  that 
againft  the  whole  globe  or  fphere.  All  the  nurabeis 
ftiew  the  real  weights  which  are  equal  to  the  Refiftances ; 
and  at  the  bottoms  of  the  columns  are  placed  propor- 
tional numbers,  which  fhew  the  mean  proportions  of  the 
Refiftances  of  all  the  figures  to  one  another,  with  any 
velocity.  LaiTiy,  in  the  9th  column  are  placed  the  ex- 
ponents of  the  power  of  the  velocity  which  the  Relifl- 
iinces  in  the  8th  column  bear  to  each  other,  viz,  which 
that  of  the  10  feet  velocity  bears  to  each  of  the  following 
ones,  the  medium  of  all  of  them  being  as  the  2*04  power 
of  the  velocity,  that  is,  very  little  above  the  fqiiaie  or 
fecond  power  of  the  velocLty>  fo  far  as  the  velccities  in 
^hls  Table  extend. 
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From  this  Table  the  following  inferences  are  eafily 
deduced. 

1.  That  the  Refiftance  is  nearly  in  the  fame  propor- 
tion as  the  furfaces  ; a fmall  increafe  only  taking  place 
in  the  greater  furfaces,  and  for  the  greater  velocities. 
Thus,  by  comparing  together  the  numbers  in  the  2d 
and  3d  columns,  for  the  bafes  of  the  two  hemifpheres, 
the  areas  of  which  bafts  are  in  the  propoition  of  17-I 
to  32,  or  s to  9 very  nearly,  it  appears  that  the  nunin 
bers  in  thofe  two  columns,  expreiSng  the  Refiftances, 
are  nearly  as  i to  2 or  3 to  10,  as  far  as  the  veiocity  of 
12  feet ; but  after  that,  the  Refiftances  on  the  greater 
furface  increafe  gradually  more  and  moie  above  that 
propoition. 

2.  The  Refiftance  to  the  fame  furface,  with  different 
velocities,  is,  in  thefe  flow  motions,  nearly  as  ttie  fquare 
of  the  velocity;  but  gradually  increTes  more  and^more 
above  that  proportion  as  the  velocity  increafes.  i lus  13 
manifeft.  from  all  the  columns ; and  the  index  of  the 
power  of  the  velocity  is  fet  dowur  in  the  9th  column, 
for  the  Refiffances  in  the  8th,  the  medium  being  2-04 
by  which  it  appears  that  the  Refiftance  to  the  fame  body 
is,  in  thefe  flow  motions,  as  the  2*04  power  of  the 
velocity,  or  nearly  as  the  fquare  of  it, 

’ 3,  The  round  ends,  and  fharp  ends,  of  folids,  fuffer 
lefs  Refiftance  than  the  ftat  or  plane  ends,  of  the  fame 
diameter  ; but  the  fharper  end  has  not  always  the  lefs 
Refiftance.  Thus,,  the  cylinder,  and  the  flat  ends  of 
the  hemiiphere  and  cone,  have  more  Refiftance,  than 
the  round  or  fharp  ends  of  the  fame  ; but  the  round  fide’ 
of  the  hernifphere  has  lefs  Refillance  than  the  fharper' 
end  of  the  cone. 

4.  The  Refiftance  on  the  bafe  of  the  hernifphere,  is. 
to  that  on  the  round,  or  whole  fphere,  as  2j  to^  I,, 
iiillead  of  2 to  I,  as  the  theory  gives  that  relation. 
Alfo  the  experimented  Refiftance,  on  each  of  thefe,. 
is.  nearly  ~ more  than  the  quantity  aiiigned  by  the 
theory. 

5.  The  Refiftance  on  the  bafe  of  the  cone,  is  to* 
that  on  the  vertex,  nearly  as  2 to  i ; and  in  the 
fame  ratio  is  radius  to  the  fine  of  the  angle  of  in- 
clination of  the  fide  of  the  cone  to  its  path  or  axis. 
So  that,  in  this  inftance,  the  Refiftance  is  diredly  as.; 
the  fine  of  the  angle  of  incidence,  the  tranfverfe  fedion- 
being  the  fame. 

6.  Vvhen  the  hinder  parts  of  bodies  are  of  different  , 
forms,  the  Refiftances  are  different,,  though  the  fore- 
parts be  exadly  alike  and  equal ; owing  probably  to 
the  different  preffures  of  the  air  on  the  hinder  parts... 
Thus,  the  Refiftance  to  the  fore  part  of  the  cylinder^, 
is  lefs  than  on  the  equal  flat  furface  of  the  cone,  or  of 
the  hernifphere  ; becaufethe  hinder  part  of  the  cylinder 
is  more  preffed  or  puflied,  by  the  following  air  than 
thofe  of  the  other  two  figures  ; alfo,  for  the  fame 
reafon,  the  bafe  of  the  hernifphere  fuffers  a lefs  Refift- 
ance than  that  of  the  cone,  and  the  round  fide  of,  the, 
hernifphere  lefs  than  the  whole  fphere. 
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Table  II.  ances  both  hy  Experiment  and  Eheory^ 

to  a Globe  of  l’96t5  Inches  D'lamettr. 


Veloc.  per 
fee.  in  feet. 

Refift.  by 
Exper. 
oz. 

Refill,  by  ! 
Theory, 
oz,  1 

Ratio  of 
Exper.  to 
Theory. 

Refift.  as 
the  power 
ofthe  veloc. 

S 

0 • 006 

0 * 005 

1 * 20 

10 

O*  024i 

0 • 020 

1*23 

IS 

0 

0 

0*044 

1*25 

20 

0*100 

0 * 079 

I • 27 

25 

0*157 

0 * 123 

1*28 

2*022 

30 

0-23 

o*  177 

1*30 

2*055 

40 

0 • 42 

0*314 

1*33 

2 * 068 

50 

0 ‘ 67 

0*491 

1*36 

2-075 

ICO 

2*72 

1*964 

I * 38 

2 * 059 

200 

1 1 

7*9 

I *40 

2*041 

300 

25 

i8*  7 

1-41 

2*039 

400 

45 

31*4 

1*43 

2 * 039 

500 

72 

49 

I’ 47 

2*044 

600 

107 

71 

1*51 

2*051 

700 

ISI 

96 

1*57 

2-ot;9 

8co 

205 

1 26 

I *63 

2 * 067 

9C0 

271 

159 

1*70 

2*077 

LOCO 

350 

196 

1*78 

2 * 086 

I IQO 

442 

233 

1 * 86 

2 • 095 

1200 

546 

283 

I ’ 90 

2*102 

1300 

66 1 

332 

1*99 

2 * 107 

1400 

785 

385 

z*  04 

2*111 

1500 

916 

442 

2 * 07 

2*113 

i6co 

1051 

503 

2 *09 

2*113 

1700 

1 1 86 

568 

2 * c8 

2 * I I I 

1 800 

1319 

636 

2 * 07 

2 * 108 

19C0 

‘447 

709 

2 * 04 

2*104 

2000 

11569  ■ 

786 

2*00 

2 * C98 

In  the  firft  corumn  of  this  Table  are  contained  the 
feveral  velocities,  gradually  from  o up  to  the  great  ve- 
locity of  2000  feet  per  fecond,  with  which  a ball  or 
globe  moved.  In  the  2d  column  arc  the  experimented 
Reliftances,  in  averdupois  ounces.  In  the  3d  column- 
are  the  correfpondent  Refiftances,  as  computed  by  the 
foregoing  theory.  In  the  4th  column  are  the  ratios  of 
thefe  two  Refillances,  or  the  quotients  of  the  forrner 
divided  by  the  latter.  .And  in  the  5th  or  laft,  the  in- 
dexes of  the  power  of  the  velocity  which  is  proportionals 
to  the  experimented  Refinance  ; which  are  found  by 
comparing  the  Refiftanceof  20  feet  velocity  with  each 
of  the  following  ones. 

From  the  2d,  ^d  and  4th  columns  it  appears,  that  at 
the  beginning  of  the  motion,  the  experimented  Relilt- 
ance  is  nearly  equal  to  that  computed  by  theory  ; but 
that,  as  the  velocity  increafes,  the  experimented  Relift- 
ance  gradually  exceeds  the  other  more  and-  more,  till 
at  the  velocity  of  1300  feet  the  former  becomes  juft 
double  the  latter  ; after  which  the  difference  increafes  a 
little  farther,  till  at  the  velocity  of  1600  or- 1700,  wliere 
that  excels  is  the  greateft,  and  Is  rather  lefs  than  2^-^  \ 
after  this,  the  difference  decr.eaies  gradually  as  the  ve- 
locity increafes,  and  at  the  velocity  of  2000,  the  for- 
mer Refiftance  again  becomes  juft  double  the  latter. 

From  tlie  laft  colu ran  it. appears  that,  near  the  begin- 


ning, or  In  flow  motions,  the  Refiftances  are  nearly  as 
the1"quare  of  the  velocities  ; but  that  the  ratio  gradually 
increafes,  with  fome  fmall  variation,  till  at  the  velocity 
of  1 500  or  1600  feet  It  becomes  as  the  2 1 power  of  the 
velocity  nearly,  which  is  Its  higheft  afeent  ; and  after 
that  it  gradually  decreafes  again,  as  the  velocity  goes 
higher.  And  ftmilar  concluftons  have  alfo  been  derived 
from  experiments  with  larger  balls  or  globes. 

And  hence  we  perceive  that  Mr.  Robins’s  pofitions 
are  erroneous  on  two  accounts,  viz,  both  in  dating 
that  the  Reftftance  changes  fuddenly,  or  all  at  once, 
from  being  as  the  fquare  of  - the  velocity,  fo  as  then  to 
become  as  fome  higher  and  conftant  power  ; and  alfo 
when  he  dates  the  Refiftance  as  riling  to  the  height  of 
3 times  that  which  Is  given  by  the  theory  : fince  the 
ratio  of  the  Refiftance  both  increafes  gradually  from  the 
beginning,  and  yet  never  afeends  higher  than  of 

the  theory. 


Table  III. 

£ 

1 

Ref  dance  to  a Plane.,  fet  at  various  An- 
Is  f Inclination  to  its  Path, 

1 ^ ■ 

Angle  with  the 
Path. 

1 

Experim.  Re-i 
liftances. 

oz. 

Refill,  bv  this 
Formula. 

Sines  efihe  An- 
gles to  Radius 
'840. 

1 

i 

•000 

*COO 

'000 

5 

•015 

*009 

•073 

10 

•044 

■035 

*146 

15 

'O82 

•076 

•2  I 7 

20 

•‘33 

*1  3 I 

*287 

25 

*200 

*199 

•3S5 

30 

•278 

*278 

•420 

35 

*362 

•363 

*482 

40 

•448 

•450 

•540 

45' 

•534 

*S3S 

•594 

50 

•619 

•613 

•643 

55 

*684 

•6 -So 

*688 

60 

*729 

*73^ 

• *727 

65 

•770 

•778 

*761 

70 

*803 

•808 

•789  ' 

75 

•823 

*826 

•811 

80 

•835 

•836 

•827 

B5 

•839 

•839 

•838 

90 

•840 

*840 

•840 

In  the  2d  column  of  this  Table  are  contained  the- 
adfual  experimented  Refiftances,  in  ounces,  to  a plane- 
of  32  fquare  inches,  or  of  a fquare  foot,  moved- 
through  the  air  with  a velocity  ot  exadfly  i 2 feet  per- 
fecond,  when  tlic  plane  was  fet  fo  as  to  make,  with- 
the  direction  of  its  path,  the  corrcfpondiiig  angles  in 
the  firft  column. 

And  from  thefe  [ have  deduced  this  formula,  or 

tlieorem,  viz,  which  brings  out  very  nearly 

the  fame  numbers,  and  h a general  theorem  for  every 
angle,  for  the  fame  plane  of  | of  a foot,  and  moved- 
with  the  fame  velocity  of  12  feet  in  a fecond  of  time 
where  j is  the  fine,  and  c the  cofine  of  the  angles  of 
inclination  in  the  fii'ft  colunjin,- 
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If  c\  theorem  be  defired  for  any  other  velocity  n)^  and 
any  other  plane  whole  area  is  it  will  be  this  : 

t ^ 2*04.  1’Sa.zc  , . , 

, or  more  nearly  j ^ ; which 

denotes  the  Refillancc  nearly  to  any  plane  furfacewhofe 
area  is  a,  moved  through  the  air  with  the  velocity  <v^ 
in  a diredlion  making-  with  that  plane  an  angle,  whofe 
fine  is  s,  and  cofine  c. 

If  it  be  water  or  any  other  fluid,  different  from  air, 
this  formula  wu'll  be  varied  in  proportion  to  the  denfity 
of  it* 

By  this  theorem  were  computed  the  numbers  in  the 
3d  column  ; which  it  is  evident  ao-ree  very  nearly  with 
the  experiment  Kefillances  in  the  2d  column,  excepting 
in  two  or  three  of  the  finall  numbers  near  the  beginning, 
which  are  of  tlie  lead  confequence.  In  all  other  cafes, 
the  theorem  gives  the  true  Refiflancc  very  nearly.  In 
the  4th  or  lad  column  are  entered  the  fines  of  the  an- 
gles of  the  fird  column,  to  the  radius  *84,  in  order  to 
compare  them  with  the  Refidances  in  the  other  columns. 
From  whence  it  appears,  that  thofe  Refidances  bear  no 
fort  of  analogy  to  the  lines  of  the  angles,  nor  yet  to 
the  fquares  of  the  lines,  nor  to  any  other  power  of  them 
whatever.  In  the  beginning  of  the  columns,  the  fines 
much  exceed  the  Reiidaiices  all  the  way  till  the  angle 
be  between  3^  and  60  degrees;  after  which  the  fines"' 
are  lefs  than  the  Rclidances  all  the  way  to  the  end,  or 
till  the  angle  become  of  90  degi-ees. 

Mr.  James  Bernoulli  gave  fome  theorems  for  the 
Refiilances  of  different  figures,  in  the  A6la  Ernd. 
Lipf.  for  June  1693,  pa.  252  &c.  But  as  thefe  are 
deduced  from  theory  only,  which  we  And  to  be  fo  dif- 
ferent from  experiment,  they  cannot  be  of  much  life. 
Meflleurs  Euler,  D’Alembert,  Gravefande,  and  Simp- 
fon,  have  alfo  written  pretty  largely  on  the  theory  of 
Refidances,  befides  what  had  been  done  by  New- 
ton. 

_ Solid  of  Leaft  Resistance.  Sir  Ifaac  Newton,  from 
bis  general  theory  of  Refidance,  deduces  the  figure  of 
a fohd  which  fhall  have  the  lead  Refidance  of  the  fame 
bafe,  height  and  content. 


The  figure  is  this.  Suppofe  DNG  to  be  a curve  of 
fiich  a nature,  that  if  from  any  point  N the  ordinate 
NM  be  drawn  perpendicular  to  the  axis  AB  ; and  from 
a given  point  G there  be  drawn  GR  parallel  to  a tan- 
gent at  N,  and  meeting  the  axis  produced  in  R ; then 
if  MN  be  to  GR,  as  GR^  to  4BR  x BG^,  a folid 
deferibed  by  the  revolution  of  this  figure  about  its  axis 
AB,  moving  in  a medium  from  A towards  B,  is  lefs 
refided  than  any  other  circular  folid  of  the  fame 
bafe,  &c. 

This  theoj'em,  which  Newton  gave  without  a de- 
mondratlon,  has  been  demondrated  by  feveral  mathe- 


maticians, as  Facio,  Bernoulli,  Hofpital,  &c.  Sec 
Maclaurin’:.  Flux,  fedl.  606  and  607;  alfo"  Horfley’a 
edit,  of  Newton,  vob  2,  pag.  390.  See  alfo  Adf. 
Erud  1699,  Mem.  del’ Acad.  &c  ; alio 

Robins’s  Vie  vv  of  Newton’s  method  for  comparing  the 
Refidance  of  Solids,  8vo,  i 734;  and  SImpfon’s  Fluxions, 
art.  413  ; or  ray  Principles  of  Bridges,  prop,  ii  and 
12, 

M.  Bouguer  has  refolved  this  problem  In  a very  gene- 
ral manner  ; not  in  fuppofing  the  folid  to  be  formed  by 
a revolution,  of  any  figure  whatever.  The  problem, 
as  enunciated  and  refolved  by  M.  Bouguer,  is  this  : 
Any  bafe  being  given,  to  find  what  kind  of  folid  mud 
be  formed  upon  it,  fo  that  the  impulfe  upon  it  may  be 
the  lead  poflible.  Properly  however  it  ought  to  be  the 
retardive  force,  or  the  impulfe  divided  by  the  weight 
or  mafs  of  matter  in  the  body,  that  ought  to  be  the 
minimum. 

RESOLUTION,  in  Phyfics,  the  reduRIon  of  a 
body  into  its  original  or  natural  date,  by  a diffolution 
or  reparation  of  its  aggregated  parts.  Thus,  fnow 
and  ice  are  faid  to  be  refolved  into  water ; water  re- 
folves  in  vapour  by  heat;  and  vapour  is  again  refolved 
into  water  by  cold  ; alfo  any  compound  is  refolved  into 
its  ingredients,  &c. 

Some  of  the  modern  philofophers,  particularly 
Boyle,  Mariotte,  Boerhaave,  &c,  maintain,  that  the 
natural  date  of  water  Is  to  be  congealed,  or  in  ice  f in 
as  much  as  a certain  degree  of  heat,  which  is  a foreign 
and  violent  agent,  is  required  to  make  it  fluid  : fo  that 
near  the  pole,  where  this  foreign  agent  is  wanting,  it 
conflaiitly  retains  its  fixed  or  icy  date. 

Resolution,  or  Solution,  in  Mathematics,  is 
an  orderly  enumeration  of  feveral  things  to  be  done,  to 
obtain  what  is  required  in  a problem, 

Wolfius  makes  a problem  to  confid  of  three, parts  ; 
’"Tht  propoftion  (or  what  Is  properly  called  dat problem 
'the  Rejoluiion^  and  the  demonjlratlon. 

As  foon  as  a problem  is  demondrated,  it  is  converted 
into  a theorem  ; of  which  the  Refolution  is  the  hypo- 
thefis  ; and  the  propofition  the  thefis. 

For  the  procefs  of  a mathematical  Refolution,  fee  the 
following  article. 

Resolution  in  AlgehrcCy  or  Algebraical  Resolu- 
tion, is  of  two  kinds  ; the  one  praCfifed  in  numerical 
problems,  the  other  in  geometrical  ones. 

In  Re [diving  a Numerical  Problem  Algebraically^  the 
luethod  is  this.  Fird,  the  given  quantities  are  didin-- 
giiiflied  from  thofe  that  are  fought  ; and  the  former  de- 
noted by  the  initial  letters  of  the  alphabet,  but  the  latter 
by  the  lad  letters. — 2.  Then  as  many  equations  are 
formed  as  there  are  unknown  quantities.  If  that  can- 
not be  done  from  the  propofition  or  data,  the  problem 
is  indeterminate ; and  certain  arbitrary  affumptions 
mud  be  made,  to  fiipply  the  defedf,  and  which  can 
fatisfy  the  queftion.  When  the  equations  are  net  con- 
tained in  the  problem  itfeif,  they  are  to  be  found  by 
particular  theorems  concerning  equations,  ratios,  pro- 
poitions,  &c.  Since,  in  an  equation,  the  known  and 
unknown  quantities  are  mixed  together,  they  mud  be 
feparated  in  fiich  a manner,  that  the  unknown  one  re- 
main alone  on  one  fide,  and  the  known  ones  on  the 
other,  dhis  redudtion,  or  feparation,  is  made  by  ad- 
dition, fubtradlion,  multiplication,  divifion,  extradllon 

of 
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roots,  and  raitlng'  of  powers  ; refolving  evTry  kind 
of  conibiimtion  of  tne  (Quantities,  by  their  counter  or 
reverfe  ones,  and  performing'  the  fame  operation  on  all 
the  quantities  orteims,  on  both  fides  of  the  equation, 
that  the  equality  may  Hill  be  preferred. 

ReJ'orve  a (j-eomeivicnl  ProUieiH  jllgehr  ate  ally  - 

The  fame  fort  of  operations  are  to  be  performed,  as  in 
the  foi mei  aiticle  ^ befides  feveral  others,  that  depend 
upon  the  nature  of  the  diagram,  and  geometrical  pro- 
perties. As  I ft,  the  thing  recjuired  tar  jaropoled,  muft 
be  fuppofed  done,  the  diagram  being  drawn  or  con- 
ftrudlied  in  all  its  parts,  both  known  and  unlenown. 
2.  _\Ve  muft  then  examine  the  geometiieal  relations 
which  the  lines  of  the  figure  have  among  themfelves, 
without  legardiiig  whether  they  are  known  or  unknown, 
to  find  what  equations  arife  from  thofe  relations,  for 
finding  the  unknown  quantities.  3.  It  is  often  necef- 
far^  to  foi m fimilar  triangles  and  redtangles,  fonietimes 
by  producing  of  lines,  or  drawing  parallels  and  per- 
pendiculars, and  forming  equal  angles,  ; till  equa- 
tions can  be  formed,  from  them,  including-  both  the 
known  and  unknown  quantities. 

If  we*  do  not  thus  arrive  at  proper  equations,  the 
thing  is  to  be  tiied  in  lome  other  way.  And  fometimes 
the  thing  itfelf,  that  is  required,  is  not  to  be  fought  di- 
recftly,  but  lome  other  thing,  bearing  certain  relations 
to  it,  by  means  of  which  it  may  be  found. 

The  final  equation  being  at  laft  arrived  at,  the  geo- 
metrical conftru6f;ion  is  to  be  deduced  from  it,  which  is 
performed  in  various  ways  according  to  the  different 
kinds  of  equations. 

Resolution  of  Forces,  or  of  Flotien,  is  the  refolving 
or  dividing  of  any  one  force  or  motion,  into  feveral 
others,  in  other  direcStions,  but  which,  taken  together, 
Ihall  have  the  fame  effeef  as  the  fingle  one  ; and  it  is 
the  reverfe  of  the  compolition  offerees  or  motions.  See 
thefe  articles. 

Any  fingle  direift  force  AD, 
may  be  refolved  into  two  oblique 
forces,  whofe  quantities  and  di- 
reiftions  are  A13,  AC,  having  the 
fame  effedf,  by  defcribing  any 
parallelogram  ABDC,  whofe  dia- 
gonal is  AD.  And  each  of  thefe 
may,  in  like  manner,  be  refolved 
into  two  others  ; and  fo  on,  as  far  as  we  pleafe.  Anc 
all  thefe  new  forces,  or  motions,  fo  found,  when  acfinp 
together,  will  produce  exadly  the  fame  effedft  as  the 
tingle  original  one.  See  alfo  Collision,  Percus- 
sion, Motion,  ’Sec. 

RRST,  in  Phyfics,  the  continuance  of  a body  in 
the  fame  place;  or  its  continual  application  or  conti- 
pity  to  the  fame  parts  of  the  ambient  and  contio-uoiis 
oodles.— -See  Space. 

Reft  is  abfoJute.  or  relative,  as  place  is. 

Some  define  Reft  to  be  the  ftate  of  a thing  without 
motion  ; and  hence  again  Reft  becomes  either  abfolute 
Or  relative,  as  motion  is. 

^ New-ton  defines  true  or  abfolute  Reft  to  be  the  con- 
tinuance of  a body  in  the  fame  part  of  abfolute  and  im- 
moveable fpace  \ and  relative  Reft  to  be  the  continu- 
ance of  a body  in  the  fame  part  of  relative  fpace. 

Thus,  in  a (hip  under  fail,  relative  Reft  is  the  contl- 
auance  of  a body  in  the  fame  part  of  the  fhip.,  But  true 


or  abfolute  Reft  is  its  continuance  in  the  fame  part  of 
univerfal  fpace  in  which  the  (hip  itfelf  is  contained. 

Hence,  if  the  earth  be  really  and  abfolutely  at  Reft, 
the  body  relatively  at  Reft  in  the  (liip  will  really  and 
abfolutely  move,  and  that  with  the  fame  velocity  as  the 
(hip  itfelf.  But  if  the  earth  do  likewife  move,  there 
will  then  arife  a real  and  abfolute  motion  of  the  body  at 
Reft  ; partly  from  the  real  motion  of  the  earth  in  abfo- 
lute fpace,  and  partly  from  the  relative  motion  of  the 
(hip  on  th-  fea.  Laftly,  if  the  body  be  likewife  relatively 
moved  in  the  ftiip,  its  real  motion  will  arife  partly  from 
the  real  motion  of  the  earth  in  immoveable  fpace,  and 
partly  from  the  relative  motion  of  the  (hip  on  the  fea, 
and  of  the  bod-^^  in  the  (hip.  * 

It  is  an  axiom  in  philofophy,  that  matter  is  indifferent 
as  to  Kelt  or  motion.  -Hence  Newton  lays  it  down,  a* 
a law  of  nature,  that  every  body  perfeveres  in  its  ftate, 
either  of  Reft  or.iiniform  motion,  except  fo  far  as  it  is 
diftuvbed  by  external  cmifes. 

Tjie  Cartefians  alfert,  that  firmnefs,  hardnefs,  or 
fohdity  of  bodies,  confiils  in  this,  that  their  paits^are 
at  Reft  with  regard  to  each  other and  this  Reft  they 
eliablilh  as  the  great  nexus,  or  principle  of  cohefion,  by 
which  the  parts  are  connected  together.  On  the  other 
hand,  they  make  fluidity  to  conllft  in  a perpetual  mo- 
tion of  the  parts,  &c.  But  the  Newtonian  philofophy 
furnilhes  us  with  much  better  folutiono. 

jVIaupeituis  afftrts,  that  when  hcxlies  are  in  equili-- 
brio,  and  any  fmall  motion  is  impreffed  on  them,  the 
quantity  of  aHion  refulting  will  be  the  leaft  pofTible. 
This  he  calls  the  law'  of  Rejl ; and  from  this  law  he 
deduces  the  fundamental  propofition  of  ftatics.  See 
Beihn  Mem.  tom.  2,  pa,  294.  And  from  the  fanae 
principle  too  he  deduces  the  laws  of  percuffion. 

RESTITUTION,  in  Phyfics,  the  returning  of  elaf- 
tic  bodies,  forcibly  bent,  to  their  natural  ftate  ; by 
fome  called  the  molion  of  Refltutlen. 

RE  TARDATION,  In  Phyfics,  the  aef  of  retard- 
ing, that  is,  of  delaying  the  motion  or  progrefs  of  a 
body,  or  of  diminlfhing  its  velocity^ 

Phe  Retardation  of  moving  bodies  arifes  from  two 
gieat  caufes,  the  refiftance  of  the  medium,  and  the 
force  of  nravitv. 

O j 

Fhc  Retardation  from  the  Reftjlance  is  often  con- 
founded with  the  refiftance  itfelf becaufe,  with  refpecSl 
to  the  fame  moving  body,  they  are  in  the  fame  propor- 
ticiri.  ^ 

But  with  refpea  to  different  bodies,  the  fame  refift- 
ance  often  generates  different  Retardations..  For  if 
bodies  of  equal  bulk,  but  different  denfities,  be  moved 
tniough  the  fame  fluid  with  (’qual  velocity,  the  fiuid 
will  ad  equally  on  each  ; (o  that  they  will  have  equal' 
refiftances,  but  different  Retardations ; and  the  Re- 
tardations will  be  to  each  other,  as  the  velocities  which 
might  be  generated  by  the  fame  forces  in  tlie  bodies 
propoied  ; that  is,  they  are  inverfely  as  the  quantities  of 
matter  in  the  bodies,  or  inverfely  as  the  denilties. 

Suppofe  then  bodies  of  equal  denfity,  but  of  une- 
qual bulk,  to  move  equally  faft  through  the  fame  fiuid  •; 
then  their  refiftances  increafe  according  to  their  fuperr 
ficies,^  that  is  as  the  fquares  of  their  diameters  ; but  the- 
quantities  of  matter  are  increafed  according  to  their 
mafs  or  magnitude,  that  is  as  the  cubes  of  their  dia- 
meters : the  refiftances  are  the  quantities  of  motion  ; 
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tlie  Retardations  are  the  celerities  arifing  from  thern  ; 
and  dividing  the  quantities  of  motion  by  the  quantities 
.0"  matter,  we  ftiah  have  the  celerities  ; therefore  the 
Retardations  are  diredtly  as  the  fquares  of  the  diameters^ 
and  inverfely  as  the  cubes  of  the  diameters,  that  is  in- 
■verfely  as  the  diameters  themfelves. 

IF  the  bodies  be  of  equal  magnitude  and  denfi'cy,  and 
.moved  through  different  fluids,  with  equal  celerity, 
their  Retardations  are  as  the  denfities  of  the  fluids. 
And  when  equal  bodies  are  earned  through  the  fame 
fluid  with  dilFerent  velocities,  the  Retardations  are  as 
the  fquares  of  the  velocities. 

80  that,  if  s denote  the  fuperficies  of  a body,  <w  its 
weight,  r/ its  diameter,  the  velocity,  and  n the  den- 
fity  of  the  fluid  medium,  and  N that  of  the  body  ; 
then,  in  fimllar  bodies,  the  refiftance  is  as  nsv^  or  as 
.nd'^v^,  and  the  Retardation,  or  retarding  force, 

as , or  as  7-  = . 

Idhe  Ret  A RD  AT  ION /row  Gravity  is  peculiar  to  bo- 
-dies  projedfed  upwards.  A body  thrown  upwards  is 
retarded  after  the  fame  manner  as  a falling  body  is  ac--'- 
-celerated  ; only  in  the  one  cafe  the  force  of  gravity 
confpires  with  the  motion  acquired,  and  in  the  other  it 
,a6fs  contrary  to  it. 

As  the  force  of  gravity  is  uniform,  the  Retardation 
from  that  caufe  will  be  equal  in  equal'  times.  Hence, 
as  it  is  the  fame  force  which  generates  motion  in  the 
falling  body,  and  dimlnifhes  it  in  the  rifing  one,  a body 
rifes  till  it  lofe  all  its  motion  ; which  it  does  In  the  fame 
time  in  which  a body  falling  would  have  acquired  a ve- 
locity equal  to  that  with  which  the  body  was  thrown 
up. 

Alfo,  a body  thrown  up,  will  rife  to  the  fame 
Jheight  from  which,  in  falling,  it  would  acquire  the 
fame  velocity  with  which  It  was  thrown  up  : therefore 
ihe  heights  which  bodies  can  rife  to,  when  thrown 
up  with  different  velocities,  are  to  each  other  as  the 
fquares  of  the  velocities. 

Hence,  the  Retardations  of  motions  may  be  com- 
pared together.  For  they  are,  flrff,  as  the  fquares 
of  the  velocities  ; 2dly,  as  the  denfities  of  the  fluids 
through  which  the  bodies  are  moved  ; 3dly,  inverfely 
as  the  diameters  of  thofe  bodies  ; 4thly,  inverfely  as 
the  denfities  of  the  bodies  themfelves  j as  expreffed  by 

the  theorem  above,  viz,  . 

JN/:/ 

The  La'ws  of  Retardation,  are  the  very  fame  as 
thofe  for  acceleration  ; motion  and  velocity  being  de- 
ffroyed  in  the  one  cafe,  in  the  very  fame  quantity  and 
proportion  as  it  is  generated  in  the  other. 

RETICULA,  ct  Reticule,  in  Aflronomy,  a 
contrivance  for  meafuring  very  nicely  the  quantity  of 
eclipfes,  &c. 

I'his  inftrument,  introduced  fome  years  flnee  by  the 
Paris  Acad,  of  Sciences,  Is  a little  frame,  confifling  of 
J3  fine  filken  threads,  parallel  to,  and  equidlilant  from 
each  other  ; placed  in  the  focus  of  obje6f-glaffes  of  te- 
lefcopes  ; that  is,  in  the  place  where  the  image  of  tlie 
luminavy  is  painted  in  its  full  extent.  Confequently  the 
diameter  of  the  fun  or  moon  is  thus  feen  divided  Into 
12  equal  parts  or  digits  ; fo  that,  to  find  thC|quantIty  of 


the  eclipfe,  there  is  nothing  to  do  but  to  number  the  * 
parts  that  are  dark,  or  that  are  luminous. 

As  a fquare  Rtticuie  is  only  proper  ior  the  diame- 
ter of  the  luminary,  not  for  the  circumference  of  it,  it 
is  fometimes  made  circular,  by  drawing  6 concentric 
equidillant  circles  ; which  reprefents  the  phafes  of  the  : 
eclipfe  perfedtly. 

But  it  is  evident  that  the  Reticule,  whether  fquare 
or  circular,  ought  to  be  perfedly  equal  to  the  diameter 
or  circumference  of  the  fun  or  itar,  fuch  as  it  appears  in 
•the  focus  of  the  glafs  ; otherwife  the  divifion  cannot  be 
juft.  Now  this  is  no  eafy  matter  to  effedl,  becaufe  the 
apparent  diameter  of  the  fun  and  moon  differs  in  each 
eclipfe  ; nay  that  of  the  moon  differs  from  itfelf  in  the 
progrefsof  the  fan?E  eclipfe. — Another  imperfeftion  in  i 
the  Reticule  is,  that  its  magnitude  is  determined  by 
that  of  the  image  in  the  focas  ; and  of  confequence  it 
will  only  fit  one  certain  magnitude. 

But  M.  de  la  Hire  has  found  a remedy  for  all  tbefe 
inconveniences,  and  contrived  that  the  fame  Reticule  * 
fkall  Cerve  for  all  telefcopes,  and  all  magnitudes  of  the 
luminary  in  the  fame  eclipfe.  The  principle  upon 
'w4ilch  his  invention  is  founded,  is  that  two  objedt-glaffes 
applied  againft  each  other,  having  a common  focus,  and  1 
thefe  forming  an  image  of  a certain  magnitude,  this  i\ 
image  will  increafe  in  proportion  as  the  diftance  be-  - 
tween  the  two  glaffes  is  increafed,  as  far  as  to  a certain 
limit.  If  therefore  a Reticule  be  taken  of  fuch  a i 
magnitude,  as  juft  to  comprehend  the  greateft  diameter  r 
the  fun  or  moon  can  ever  have  in  the  common  focus  of  ; 
two  objedf- glaffes  applied  to  each  other,  there  needs  i 
nothing  but  to  remove  them  from  each  other,  as  the  1 
ftar  comes  to  have  a lefs  diameter,  to  have  the  image  r: 
ftill  exaftly  comprehended  in  the  fame  Reticule. 

Farther,  as  the  filken  threads  are  fubjedl  to  fwerve  * 
from  the  parallelifm,  he,  by  the  different  temperature  . 
of  the  air,  another  improvement  is,  to  make  the  Reti- -i 
ciile  of  a thin  looking-glafs,  by  drawing  lines  or  circles 
upon  it  with  the  fine  point  of  a diamond.  See  Mi-  • 

CROMETER. 

RE'FIRED  Flank,  In  Fortification.  Sec  Flank,, 
RETROCESSION  of  Curves,  Cfr.  See  Retro-  • 

GRADATION. 

Retrocession  of  the  Equinox,  See  Precession. 
RETROGRAD ATION,  or  Retrogression,  in 
Aftronomy,  is  an  apparent  motion  of  the  planets,  by  ' 
which  they  feem  to  go  backwards  In  the  ecliptic,  and  ' 
to  move  contrary  to  the  order  or  fucceffion  of  the  .^j 
figns.  ^ ^ ^ 

When  a planet  moves  in  confequentia,  or  according  ; 
to  the  order  of  the  figns,  as  from  Aries  to  Taurus,  from 
Taurus  to  Gemini,  &c,  which  is  from  weft  to  eaft,  it  is 
faid  to  be  direH ,—r-Td\\e\\  it  appears  for  fome  days  in 
the  fame  place,  or  point  of  the  heavens,  it  is  faid  to  be 
Jlationary. — And  when  It  goes  in  antecedentia,  or  back- 
wards to  the  following  figns,  or  contrary  to  the  or- 
der of  the  figns,  which  is  from  eaft  to  wT-ft,  it  is  • 
faid  to  be  retrograde.  All  thefe  different  afledtions 
or  circumftances,  may  happen  in  all  the  planets,  except 
the  fun  and  moon,  which  are  feen  to  go  direft  only. 
But  the  times  of  the  fuptrior  and  inferior  planets  being 
retrograde  are  different ; the  former  appearing  fo  about 
their  oppofition,  and  the  latter  about  their  conjiioci- 

tlon. 


RET  [ . 369  1 RET 


'ticHt  The  intervals  of  time  alfo  between  two  Re- 
trogradations  of  the  feveral  planets,  are  very  un- 
equal ; 

In  Saturn  it  is  i year  13  days. 

In  Jupiter  - - i - - 43 

In  Mars  - - 2 - - 50 

In  Venus  - - i - - 220 

In  Mercury  - o - - 1 1 5 

Again,  Saturn  continues  retrograde  140  days,  Jupi- 
ter 120,  Mars  73,  Venus  42,  and  Mercury  22  ; or 
nearly  fo  ; for  the  feveral  Retrogradations  of  the  fame 
planet  are  not  conftantly  equal. 

Thefe  various  circumftances  however  in  the  motions 
of  the  planets  are  not  real,  but  only  apparent ; as  the 
inequalities  arife  from  the  motion  and  pofition  of  the 
earth,  from  whence  they  are  viewed  ; for  when  they  are 
confidered  as  feen  from  the  fun,  their  motions  appear 
always  uniform  and  regular.  Thefe  inequalities  are 
thus  explained  : 

Let  S denote  the  fun  ; and  ABCD  See  the  path  or 
orbit  of  the  earth,  moving  from  weft  to  eaft,  and  in 
^rthat  order ; alfo  GK  Sec  the  orbit  of  a fuperior  planet, 
as  Saturn  for  inftance,  moving  the  fame  way,  or  in  the 
diredlion  GKLG,  but  with  a much  lefs  celerity  than 


the  earth’s  motion.  'Now  when  tlic  earth  is  at  the 
point  A of  its  orbit,  let  Saturn  be  at  G,  in  conjunffion 
with  the  fun,  when  it  will  be  feen  at  P in  the  zodiac, 
or  among  the  ftars  ; and  when  the  earth  has  moved 
from  A to  B,  let  Saturn  have  moved  from  G to  H in 
its  orbit,  when  it  will  be  feen  in  the  line  BflQ^  and  will 
appear  to  have  moved  from  P to  Q^in  the  zodiac; 
alfo  wdien  the  earth  has  got  to  C,  let  Saturn  be 
arrived  at  I,  but  found  at  R in  the  zodiac,  where 
being  feen  in  the  line  CIR,  it  appears  ftationary,  or 
without  motion  in  the  zodiac  at  R.  But  after  this,  Sa- 
turn will  appear  lor  fome  time  in  Retrogradation,  viz, 
moving  backwards,  or  the  contrary  way  : for  when 
the  earth  has  moved  to  D,  Saturn  will  have  got 
to  K,  and,  being  feen  in  the  line  DKQ,  will  ap* 
pear  to  have  moved  retrograde  in  the  zodiac  from 
R to  0^  about  which  place  the  planet,  ceafing  to  re- 
cede any  farther,  again  becomes  ftationary,  and  after- 
ward proceeds  forward  again  ; for  while  the  earth 
moves  from  D to  E,  and  Saturn  from  K to  L,  this 
latter,  being  now  feen  in  the  line  ELR,  appears  to 
VoL,  11. 


have  moved  forward  in  the  zodiac  from  R.  And 
fo  on  ; the  fiiperior  planets  always  becoming  retrograde 
a little  before  they  are',  in  oppofition  to  the  fun,  and 
continuing  fo  till  fome  time  afrer  the  oppofition  : the 
retrograde  motion  being  fwiftell  when  the  planet  is  ia 
the  very  oppofition  Itfelf;  and  the  direfl  motion  fwift- 
eft  when  in  the  conjimdlion.  The  arch  RQ^vhicli  the 
planet  defcribes  while  thus  retrograde,  is  called  the  arch 
of  Retrogradation.  Thefe  arches  are  unequal  in  all 
the  planets,  being  greateft  in  the  moft  diftant,  and 
gradually  lefs  in  the  nearer  ones. 

In  like  manner  miay  be  fiicvvn  the  circumftances  of  the 
Retrogradations  oF  the  inferior  planets  ; by  which  it 
will  appear,  they  become  ftationary  a little  before  their 
inferior  conjuiiAion,  and  go  retrograde  till  a little  time 
after  it  ; moving  the  quickeft  retrograde  juft  at  that 
conjunflion,  and  the  quickeft  diredl  juft  at  the  fuperior 
or  further  conjunflion. 

Retrogradai  ION  of  the  Nodes  of  the  T.ioon^  is  a 
motion  of  the  line  of  the  nodes  of  her  orbit,  by  which 
It  continually  Ihifts  its  fituation  from  eaft  to  weft,  con- 
trary to  the  order  of  the  figns,  completing  its  retrograde 
circulation  in  the  period  of  about  19  years  : after  which 
time,  either  of  the  nodes,  having  receded  from  any 
point  of  the  ecliptic,  returns  to  the  fame  again. — New- 
ton has  demonftrated.  In  his  Principia,  that  the  Re- 
trogradation of  the  moon’s  nodes  is  caufed.  by  the  ac- 
tion of  the  fun,  which  continually  drawing  this  planet 
from  her  orbit,  defleAs  this  orbit  from  a plane,  and 
caufes  Its  interfeftlon  with  the  ecliptic  continually  to 
vary  ; and  his  determinations  on  this  point  have  been 
Confirmed  by  obiervation. 

Retrogradation  of  the  Sun,  a motion  by  which  Ia 
fome  fituations,  in  the  torrid  zone>  be  feems  to  move 
retro2;rade  or  backwards. 

When  the  fun  Is  In  the  torrid  zone,  and  has  hi§  de- 
clination AM  greater  than  the  latitude  of  the  place  AZ> 
but  either  northern  or  fouthern  as  that  is  (laft  fig. 
above),  the  fun  will  appear  to  go  retrograde)  or  back- 
wards, both  before  and  after  noon.  For  draw  the 
vertical  circle  ZGN  to  be  a tangent  to  the  fun’s  di- 
urnal circle  MGO  in  G,  and  another  ZON  through 
the  fun’s  lifing)  at  O : then  It  is  evident,  that  all 
the  intermediate  vertical  circles  cut  the  lun’s  diurnal 
circle  twice  ; firft  in  the  arc  GO,  and  the  fecond  time 
in  the  arc  Gl.  So  that,  as  tlic  fun  afeends  through 
the  arc  GO,  he  continually  arrives  at  farther  and  farther 
verticals.  But  as  he  continues  his  afeent  through  the 
arc  Gl,  he  returns  to  his  former  verticals;  and  there- 
fore is  feen  retrograde  for  fome  time  before  noon.  And 
in  like  manner  it  may  be  ftiewn  that  he  does  the  fame 
thing  for  fome  time  after  noon.  Hence,  as  the  lhadow 
always  tends  oppofite  to  the  fun,  the  fiiadow  will  be 
retrograde  twice  every  day'  in  all  places  of  the  tor- 
rid zone,  where  the  fun’s  declination  exceeds  the  lati- 
tude. 

But  tlie  fiime  thing  can  never  happen  without  the 
tropics,  in  a natural  way. 

Retrogradation,  or  Retrogression,  in  the 
Higher  Geometry,  is  the  fame  wdth  what  is  otherwlfe 
c:x\\td.  contrary  f exion  or  feMire^  See  Flexure,  and 
Intlexion. 
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RETROGRADE,  denotes  backward,  or  contrary 
to  tbe  forward  or  natural  direction.  See  Retro(!5RA» 

DA  I ION. 

RE  fROGRESSION,.  or  Retrocession.  The 
kune  with  Re tro©r AD ateon. 

RETURNING  Strokei  in  Eledfricity,  is  an  expref- 
fion  ufed  by  lord  Mahon  (now  earl  Stanhope)  to  de- 
note the  efFedfc  produced  by  the  return  of  the  elec- 
tric lire  into  a body  from  which,  in  certain  circumllan- 
cep,  it  has  been  expelled. 

^ To  underftand  properly  the  meaning  of  thefe  terms, 
it  muft  be  prcmifed  that,  according  to  the  noble  aa- 
thorhs  experiments,  an  infalated  fmooth  body,,  imraer- 
ged  within  the  eledbrical  atmofphere,  but  beyond  the 
Eriking  diilauce  of  another  body,  charged  politively, 
is  at  the  fame  time  in  a Hate  of  threefold  eledtricity . 
The  end  next  to  the  charged  body  acquires  negative 
eledtricity  , the  farther  end  is  politively  eledlrilied  ; 
while  a certain  part  of  the  body,  fomewhere  between 
its  two  extremes,  is  in  a natural,  uneledtrified,  or  neu- 
tral hate  ; fo  that  the  two  contrary  eledbricities  balance 
each  other,  ft  may  farther  be  added,  that  if  the  body 
be  not  infalated,  but  have  a communication  with  the 
earth,  the  whole  of  it  will  be  in  a negative  Hate.  Sup- 
pofe  then  a brafs  ball,  which  may  be  called  A,  to  be 
conhantly  placed  at  the  ftriking  diftance  of  a prime 
Gondudlor ; fo  that  the  condudtor,  tlie  inllant  when  it 
becomes  fully  charged,  explodes  into  it.  Let  another 
large  or  fecond  condudlor  be  fufpended,  in  a perfeflly 
infalated  hate,  farther  from  the  prime  conduAor  than 
the  hriking  dihance,  but  within  its  eledlrical  atmo- 
fphere let  a perfon  handing  on  an  infalated  llool 
touch  this  fecond  conchidlor  very  lightly  with  a finger 
of  his  right  hand  5 w’hile,  with  a finger  of  his  left 
hand,  he  communicates  wnth  the  earth,,  by  touching 
very  lightly  a fecond  brafs  ball  fixed  at  the  top  of  a-., 
metallic  hand,'  on  the  floor,  which  may  be  called  B... 
Now  wTile  the  prime  condudlor  is  receiving  its  eledlri- 
city,  fparks  pais  (at  leah  if  the  dihance  between  the- 
two  conductors  is  not  too  great)  from  the  fecond  con- 
ductor to  the  right  hand  of  the  infnlated  perfon  ; while 
iimilar  and  fimultaneousTparks  pafs  out  from  the  finger 
of  his  left  hand  into  the  fecond  metallic  ball  B,  com,- 
municating  wiih  the  earth.  At  leiigtlm  how^ever  the 
prime  conduCfor,  having  acquired  its  full  charge,  ,fud- 
denly  hrikes  into  the  ball  A,  of  the  hrh  metallic  hand, 
placed  for  that  purpofe  at  the  ftriking  diftance.  The 
explofioii  being  made,  and  the  prime  condnCtor  fudden- 
jy  robbed  of  its  elaftic  atmofphere,  its  preffure  or  adKori 
on  the  fecond  condiuTDr,  and  on  tlie  inlulated  perlon, 
as  fuddenly  ceafes  ; and  the  latter  iiiftantly  feels  a , 
{mart  Returning  Stroke,  though  he  has  no  direT  or 
vifible  commiinieation  (except  by  the  floor)  with  either 
of  the  two  bodies,  and  is  pl^tced.  at  the  diftance  of  ^ 
or  6 feet  from  both  of  them.  This  Returning  Stroke  ■ 
is  evidently  occafioned  by  the  hidden  re -entrance  of  the 
eledtric  fire  naturally  belonging  to  his  body  and  to  the 
fecond  condudfor,  which  had  before  been  expelled  from, 
them  by  the  adfion  of  the  cliargcd  prime  condiidftoi: 
upon  them  ; and  which  returns  to  its  former,  place  in 
the  inllant  when  tliat  adtion  or  elaftic  preffure  ceafes. 
When  the  fecond  condudtor  and  the  infulated  perlon 
aye  placed  in  the  denfeft  part  of  the  elcdfrical  atmo- 


fphere of  the  prime  condudlor,  or  Juft:  beyoncf  th® 
ftriking  diftance,  the  effedfs  are  ftill  more  confiderable  ; 
the  Returning  Stroke  being  extremely  fevere  and  pun-- 
gent,  and  appearing  conhderably  lharper  than  even  the  . 
main  ftroke  itfclf,  received  diredtly  from  the  prime  con- 
dudtor. Lord  Mahon  obferves,  that  perfons  and  an!-- 
mals  may  be  deltroyed,  and  particular  parts  of  buildings, 
may  be  much  damaged,  by  uu,  eledlrical , Returning 
Stroke,  occafioned  even  by  iome  very  diftant  explofion 
from  a thunder  cloud  ; poHibly  at  the  diftance  of  a mile 
or  more.  It  is  certainly  not  dithcult  to  conceive  that 
a.  charged  extenfive  thunder  cloud  rauft  be  productive  ■ 
of  effects  fimilar  to  thofe  produced'  by  the  prime  con-. 
dudlor  ; but  perhaps  the  effeCbs  are  not  fo  great,  nor 
the  danger  fo  terrihle-,  as  itfeems  have  been  apprehend- 
ed. If  the  quantity  of  eledlric  fluid  naturally-  cou- 
taified,  for  example,  in  the  body  of  a man,  were  im- 
raenfe  or  indefinite,  then  the  eftimate  between  the  - 
effects  producible  by.  a cloud,  and  thofe  caufed  by  a 
prime  condudtor,  might  be  admitted;  but  furely  no 
electrical  cloud  can  expel  from  a body  more  than  the 
natural  quantity  of  ekCtricity  wTich  this  contains.  On 
the  fudden  removal  therefore  of  the  preffure  by  which 
this  natural  quantity  had  been  expelled,  in  confequence 
of  the  explofion  of.  the  cloud  into  the  earth,  no  more 
(at  the  utmoft)  than , his  whole  natural  flock  of  elec- 
tricity can  re  enter  his  body, , provided,  it  be  fo  fituatedj, 
that  the  returning  fire  of  other  bodies  muft  neceffarily 
pafs  through  his  body.  But  perhaps  we  have  no  rea- 
fon  to  fuppofe  that  this  quantity  is  fo  great,  as  that- 
its  fudden  re.-entrance.into  his  body  fhould  deflroy  or. 
injure  him,. 

Allowing  therefore  the  exiftence  of  the  Returning - 
Stroke,  as  fufSciently  afeertained,  and  well  iiluftrated,  _ 
in  a variety  of  circumftances,  by  the  authorN  experi- 
ments, the  magnitude  and  danger  of  it  do  not  feem  to 
be  fo  alarming  as  he  apprehends.  See  Lord  Mahon’s- 
principles  of  Eleclncity,  &c.  qto.  1779,  pa.  76,- 
1 1 3,  and  131,  Alfo  Monthly,  Review,  vol.  62, 
pa,  436. 

REVERSION  of  Series^  in  Algebra,  is  the  find- 
ing the  value  of  the  root,  or  unknowm  quantity  5, 
vrhofe  powers  enter  the  terms  of  an  infinite  feries, 
by  means  of  another  infinite  feries  in  which  it  is 
not  contained.  As,  in  the  infinite  feries  z rn:  ax 
“b-  “b  T (Ix^  &c ; then  if  there  be  found  . 

= Az  Bz^  -b  Cz^  &c,  that  feries  is  invert- 
ed, or  its  root  X is  found  in  an  infinite  feries  of 
other  terms, 

This  was  one  of  Newton’s  improvements  in  analyfis, . 
the  firft  fpecimen  of  which  was  given  in  his  Analyfis-, 
per  aE,quationes  Numero  Terminorum  Infinitas  ; and 
it  is  of  great  life  in  refolving  many  problems  in  various , 
parts  of  the  mathematics. 

The  moft' uiual  and  general  way  of  Reverfion,  is  to. 
affurne  a feries,  of  a proper  form,  for  the  value  of  the  ■ 
required  unknowm  quantity  ; then  fubftitute  the  powers  - 
of  this  value,  iiiftead  of  thofe  of  that  quantity  Into 
the  given  feries  ; laftly  compare  the  refultliig  terms  with 
the  faid  given  feries,  and  the  values  of  the  affumed 
coefficients  will  thus  be  obtained.  So,  to  revert  the 
feries  z =:  ax  -Y-  LU  + &c,  or  to  find  the  value  of 

ill  terms  of  z.;  affume  it  thus,  .a;=  Az  -R  Bz^  + Cz^ 

&c ; , 
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iJcc ; tlien  l>y  jnvolving  this  ferles,  for  the  fevcral 
pbv^ers  of  x,  and  multiplying  the  coi  responding  powers 
by  a,  bf  r,  &c,  tl'.ere  refuks 

% = 4"  4-  4*  5:c* 

4“  4*  4"  2.’ACx^ 

4“ 

•^h  4“  ^ 

4-  r/A'^z'*' 


Then  by  comparing  the  correfponding  terms  of  this 
lak  feiies,  or  making  their  coefficients  equal,  there  are 
obtained  thefe  equations,  viz, 


a\ — I, and A Z'A^nr  o.and^sC 4-  2b \B  4-  cA.^  — o, 
&c,  which  give  thefe  values  of  the  affumed  coefficients, 
viz, 


h 


2^AB  4"  zhb  *— > a 

1 “ — —c  ; 

a flS 

ihAQ.  4“  ^B^  4"  3£'A^B  + dA^ 

a 


K^abc  — c;//3  — a'-d 
— 


and  confequently 


vr 


I b 

■z 4- 


zhb  — ac  ^ ^ahc‘^’:,h^  ~cdd 


z 


a 


a- 


a- 


-z 


a' 


See  ; which  is  therefore  a general  formula  or  theorem 
for  every  feries  of^the  fame  kind,  as  to  the  powers  of 
the  quantity  .r.  Thus,  for 

Ex.  Suppofe  it  were  required  to  revert  the  ferles 
ft,  = X — x^  -f  x^  — x'^y  See. 

Here  ^ = i,  Z-  = *-  i,  c = ly  d = — i,  ; 
which  values  of  thefe  letters  being  fubkituted  in  the 
theorem,  there  refults  .v  = z -j-  z^  4-  z^  -f  &c, 

which  is  that  feries  reverted,  or  the  value  of  ar 
in  it. 

In  the  fame  way  it  will  be  found  that  the  theorem 
for  reverting  the  feries 

K = ax  4-  b.x^  4-  4“  dx'^  Sec,  is 

^5  _ 12l,^~Saic 

a ad  ^lo  > 

See. 

And  if  z = ^r  hx  cx  4-  &c,  then  h 


_L  i4-n 

™ — b m ( I 4"  2;;  4-  ^0  — Imac 

-X  — y — y 4-  ^ 

ma  Zmniua 

I 4-  2n 

— — — ^ 

X y ^ Sec^  where  y is  = — . 

a 

Various  methods  of  Reverfion  may  be  feen  as  given 
"by  He  Moivre  in  the  Philof.  Tranf.  number  240";  or 
Maclaurin’s  Algebra  pa.  263  ; or  Stuart’s  Itxplanation 
of  Newton’s  Analyfis,  &c.  pa.  455  ; or  Coulfon’s  Com- 
ment on  Newton’s  Flux.  pa.  2J9;  or  Horfley’s  cd.  of 
Fievvton’s  works  vol.  i,  pa.  291  ; or  Simpfon’s  Flux, 
vol.  2,  pa.  302  : or  moil  authors  on  Algebra, 


REVET EMENT,  in  FortiHcation,  a flrong  wall 
built  on  the  oiitiide  of  the  rampart  and  parapet, 
to  fupport  the  earth,  and  prevent  its  rolling  into  the 
ditch. 

REVOLUTION,  in  Geometry,  the  motion  of  ro- 
tation of  a line  about  a fixed  point  or  centre,  or  of 
any  dgnre  about  a fixed  axis,  or  upon  any  line  or  fur- 
face.  Thus,  the  Revolution  of  a given  line  about  a 
fixed  centre,  generates  a circle  ; and  that  of  a right- 
angled  triangle  about  one  fide,  as  an  axis,  generates  a 
cone  ; and  that  of  a femicircle  about  its  diameter,  gene- 
rates a fphere  or  globe,  &c. 

Revolution,  In  Ailronomy,  is  the  period  of 
a Ear,  planet,  or  comet,  See;  or  its  coutfe  from 
any  point  of  its  o^bit,  till  it  return  to  the  fame 
again. 

The  planets  have  a twofold  Revolution.  The  one 
about  their  own  axis,  ufually  called  their  diurnal  ro- 
tatioHy  which  conkitutes  their  day.  The  other  about 
the  fun,  called  their  Annual  Rsvolntlony  or  period^  con- 
llitutlng  their  year. 

REYNEAU  (Charles-Rene),  commonly  called 
Father  Reyneau,  a noted  French  mathematician,  wa* 
born  at  Brlffac  in  the  province  of  Anjou,  in  the  year 
1656.  At  20  years  of  age  he  entered  himfelf  among 
the,  Oratorians,  a kind  of  religious  order,  in  which 
the  members  lived  in  community  without  making  any 
vows,  and  applied  themfelves  chieky  to  the  education 
of  youth.  He  was  foon  after  fent,  by  his  fuperiors,  to 
teach  philofophy  at  Pezenas,  and  then  at  Toulon, 
This  requiring  fome  acquaintance  with  geometry,  he 
contraflcd  a great  afTcdtlon  for  this  fcience,  which  he 
cultivated  and  improved  to  a great  extent  ; In  confe- 
quence  he  was , called  to  Angers  In  1683,  to  fill  the 
mathematical  chair ; and  the  Academy  of  A.ngers 
eledlcd  him  a member  In  1694* 

In  this  occupation  Father  Reyneau,  not  content 
with  making  himfelf  maker  of  every  thing  worth 
knowing,  which  the  modern  analyfis,  fo  fruitful  ia 
fublime  fpeculations  and  ingenious  difeoveries,  had  al- 
ready produced,  undertook  to  reduce  into  one  body, 
for  the  life  of  his  fcholars,  the  principal  theories  feat*- 
tered  here  and  theie  in  New'ton,  Defcartes,  Leibnitz, 
Bernoulli,  the  Leipfic  Acls,  the  Memoirs  of  the  I’aris 
Academy,  and  in  other  works ; treafures  which  by- 
being  fo  widely  difperfed,  proved  much  lefs  ufeful  than 
they  othervvife  might  have  been.  The  fruit  of  this 
undertaking,  was  his  jdnalyfe  Dmiontriey  or  Ana- 
lyfis Demonkrated,  which  he  publlflied  in  2 volumes 
4to,  1708. 

Father  Reyneau  called  this  ufeful  work,  Analyfis 
Demonkrated,  becaufe  he  demonilrates  In  It  feveral 
■methods  which  had  not  been  demonkrated  by  the  au- 
thors of  them,  or  at  leak  not  with  fufficient  perfpicti- 
ity  and  exadlnefs  ; for  it  often  happens  that,  In  matters 
of  this  kind,  a perfon  is  clear  In  a thing,  without  being 
able  to  demonkrate  It.  Some  perfons  too  have  been 
fo  mikakingly  fond  of  glory  as  to  make  a fecret  of 
their  dernonkrations,  in  order  to  perplex  thofe,  whom  it 
would  become  them  much  better  to  inkrikl.  This 
book  of  Reyiieau’s  was  fo  well  approved,  that  it  foon  • 
became  a maxim,  at  leak  in  France,  that  to  follow  him 
was  the  bek,  if  not  the  only  way,  to  make  any  extra- 
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ordinary  prcgrefs  in  the  rnatbematics.  This  \va$ 
confidering  him  as  the  iiidt  maRer,  as  the  Euclid  of 
the  fiiblime  geometry, 

Keyneau,  after  thus  giving  lefTons  to  thofe  who  uir- 
deiRood  fomething  of  geometry,  thought  proper  to 
draw  up  fome  for  fuch  as  were  utterly  unacquainted 
wu’th  that  fcience.  This  was  in  fome  meafure  a con- 
defeeniion  in  him,  but  his  paliion  to  be  ufeful  made  it 
eaiy  and  agreeable.  Xn  1714  he  publiihcd  a volume  in 
qto  on  calculation, -under  the  title  of  Seimce  du  Calciil 
(its  Grandeurs,  of  which  the  then  Cenfor  Royal,  a moll: 
inlelligeHt  and  fmpartial  judge,  fa)  s,  in  his  approbation 
f>f  it,  that  though  fevcral  book-s  had  already  appear- 
ed upon  the  lame  fubjeft,  fuch  a treatife  as  that  be- 
fore him  was  ftiil  wanting,  as  in  it  every  thing  was 
handled  in  a manner  fuitlciently  exteniive,  and  at  the 
fame  time  with  all  poffible  exadtnefs  and  perfpicuity.” 
In  faff,  though  mod  branches  of  the  mathematics  had 
been  well  treated  of  before  that  period^  there  were  yet 
no  good  elemients,  even  of  practical  geometry.  Thofe 
who  knew  no  more  than  what  precifely  fuch  a book 
ought  to  contain,  knew  too  little  to  complete  a good 
one  ; and  thofe  wdro  knew  more,,  thought  themfelve.s 
probably  above  the  tafle  ; whereas  Reyneau  poHeffed  at 
once  all  the  learning  and  modefiy  necelTary  to  under- 
take and  execute  fuch  a work. 

As  foon  as  the  Royal  Academy  of  Sciences  at  Paris, 
in  confequence  of  a regulation  made  in  the  year  1716, 
opened  its  doors  to  other  learned  men,  under  the  titlb 
of  Free  Affoclates,  Father  Reyneau  was  admitted  of  the 
number.  The  works  however  wTich  wie  have  already 
mentioned,  behdes  a fmall  piece  upon  Logic,  are  the 
only  ones  he  ever  publilhed,  or  j)rQbably  ever  com- 
^ofed,  except  moll  of  the  matcptals  for  a fecond  volume 
of  his  Science  du  Calcul,  wdiich  he  left  behind  him  in 
manufeript.  The  laft  years  of  his  life  were  attended 
with  too  much  licknefs  to  admit  of  any  extraordinary 
application.  He  died  in  1728,  at  72  years  of  age, 
not  more  regretted  on  account  of  his  great  learning, 
than  of  his  many  virtues,  which  all  confpired  in  an 
eminent  degree  to  make  that  learning  agreeable  to 
thofe  about  him,,  and  ufeful  to  tlie  world.  The  hril 
men  in  France  deemed  it  an  honour  and  a-  happinefs  to 
count  him  among  their  friends.  Of  this  number  were 
the  chancellor  of  that  kingdom,  and  Father  Maile- 
branche,  of  whom  Reyneau  was  a zealous  and  faithful 
tlifciple, 

RHABDOLOGY,  or  RAEi>0L0Gy,  in  Arithme- 
tic, a name  given  by  Napier  to  a method  of  perform- 
ing fome  of  the  more  difficult  operations  of  numbers 
by  means  of  certain  fquare  little  rods.  Upon  thefe  are 
infciibed  the  fimple  numbers;  then  by  Ihifting  them 
according  to  certain  rules,  thofe  operations  are  per- 
formed by  fimply  adding  or  fubtradling  of  the  numbers 
as  they  Rand  upon  the  rods.  See  Napier's  Rabdo- 
logia,  printed  in  1617.  See  alfo  the  article  Napier’s 
Jdones, 

RHEO-STATICS,  isnfed  by  fome  for  the  Ratics, 
®r  the  fcience  of  the  equilibrium  of  Ruids,. 

RHETICUS  (GEORCiE  Joachim),  a noted  Ger- 
man aRronomer  and  mathematician,  who  was  the 
eoileague  of  Reinhold  in  the  univerRty  of  Wittem- 
berg,  being  joint  profeRbrs  of  mathematics  there  toge- 


ther. He  W'as  born  at  Feldkirk  in  Tyrol  the  15th  of 
February  I 5 1 4.  After  imbibing  the  elements  of  thg 
mathematics  at  Tiguri  wdth  Ofwald  Mycone,  iie  went 
to.  Wittemberg,  where  be  diligently  cultivated  rhat 
fcience.  Here  he  was  made  maRer  of  philofophy  iir. 
I 535,  and  profeRbr  in  1437.  He  quitted  this'  Rtua- 
tion  however  two  years  afeer,  and  went  to  Frur/iburc>- 
to  put  him  under  the  affiRance  of  the  celebrated  Co- 
pernicus, being  induced  to  this  Rep  by  his  zeal 
for  allronomical  purfuits,  and  the  great  fame  which 
Copernicus  had  tlien  acquired,  Rheticus  affiiled  this 
aftronomcr  for  fome  years,  and  conRantly  exhorted  him 
to  perfect  his  work,  Ue  Revolutiomhus,  which  he 
piibliffied  after  the  death  of  Copernicus,  viz,  in  1^43., 
folio,  at  Norim.berg,  togetlier  with  an  illuRration  of 
the  fame  in  a narration,  dedicated  to  Schoner.  Here 
too,  to  render  aRronomical  calculations  more  accurate, 
he  began  his  very  elaborate  canon  of  fines,  tangents 
and  fecants,  to  15  places  of  figures,  and  to  every  10 
fcconds  of  the  quadrant,  a defign  which,  he  did  not 
live  quite  to  complete.  The  canon  of  fines  how^ever 
to  that  radius,  for  every  10  feconds,  and  for  every 
fingie  fecond  in  the  firR  and  laR  degree  of  the  qua- 
drant, computed  by  him,  was  publiffied  in  folio  at  Franc- 
fort  1613  by  Pitifeus,  who  himfelf  added  -a  fe*w  of  the 
firR  fines  computed  to  22  places  of  figures.  But  the 
larger  work,  or  canon  of  fines,  tangents  and  fecants, 
to  every  10  feconds,  was  perfefted  and  piibliffied  aftei^ 
his  death,^viz,  in  1596,  by  his  difciple  Valentine  Otho, 
mathematician  to  the  Eledloral  Prince  Palatine  ; a para 
ticular  account  and  analyfis  of  wdiich  work  may  be  feen 
in  the  HiRorical  lntrodii6f ion  to  my  Logarithmsj 


pa»  9. 

After  the  death  of  Copernicus,  Rheticus  returned 
to  Wittemberg,  viz,  in  1541  or  1542,  and  was  again 
admitted  to  his  office  of  profeRbr  of  mathematics.  The 
fame  year,  by  the  recommendation  of  MelanCthon,  he 
went  to  Norimberg,  where  he  found  certain  manuferipts 
of  Werner  and  Regiomontanus.  He  afterwards  taught 
mathematics  at  Leipfic.  From  Saxony  he  departed  a 
fecond  time,  for  wdiat  reafon  is  not  knowm,  and  went 
to  Poland  ; and  from  thence  to  CafTovia  in  Hungary, 
where  he  died  December  the  4th,  1576,  , near  63  years 
of  age. 

His  Narratio  de  Llhris  Re^oIutl§num  Copernici,  was 
firR  publifhed  at  Gedunum  in  4to,  1540;  and  after- 
wards added  to  the  editions  of  Copernicus’s  work.  He 
alfo  compofed  and  publifiied  Ephemerides,  according 
to  the  dofirine  of  Copernicus,  till  the  year  1551. 

Rheticus  alfo  projeded  other  works,  and  partly  exe- 
x:uted’  them,  though  they  were  never  publiRied,  of 
various  kinds,  aRronomical,  aRrological,  geographi- 
cal, chemical,  &c ; as  they  are  more  particularly  men- 
tioned in  his  letter  to  Peter  Ramus  in  the  year  lybS,. 
which  Adrian  Romarius  inferted  in  the  preface  to  the 
firR  part  of  hisTdea  of  Mathematics. 

RHOMB  Solid,  confiRs  of  tvyo  equal  and  right 
cones  joined  togetlier  at  their  bafes. 

RHOMBOID,  or  Rhomboides,  in  Geometry,  a 
quadrilateral  figure,  whofe,  oppofite  fides  and  angles 
are  equal ; but  which  is  neither  equilateral  nor  equi- 
angular. 

ikHOMBUSj  is  an  oblique  equilateral  parallelogram 
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a quadrilateral  figure,  whofe  fides  are  equal  and 
parallel,^  but  the  four  angles  not  all  equal,  tvva  of  the 
oppofite  ones  being  obtui'e,  and  the  otiier  two- oppolite 
ones  acute. 

The  two  diagonals  of  a Rhombus  interfedl  at  right 
angles  ; but  not  of  a rhomboides. 

As  to  the  area  of  the  Rhombus  or  rhomboides, 
it  is  found,  li'v!  that  of  all  other  parallelograms,  by- 
multiplying  the  length  or  bafe  by  the  perpendicular 
breadth. 

Knowavs-Svlid.  See  Rhomb-iS’^/A/. 

RHUMB,  Ru-mb,  or  Rum,  in  Navigation,  a ver- 
tical circle  of  any  given  place  ;■  or  the  interfedlion  of  a 
part  of  fuch  a circle  with  the  horizon.  Rhumbs 
therefore  coincide  with  points  of  the  world,  or  of 
the  horizon.  And  hence  mariners  diftingulfli  the 
Rhumbs  by  the  fame  names  as  the  points  and  winds. 
But  we  may  obferve,  that  tlie  Rhumbs  are  denominated 
from  the  points  of  the  compafs  in  a different  manner 
from  the  winds : thiia,  at  fea,  the  north-eafli  wind  is 
that  which  blows  from  the  north’-eall  point  of  the  ho- 
rizon towards  the  fhip  in  which  we  are  ; but  we  are  faid 
to  fail  upon  the  north-eall  Rhumb,  when  we  go  towards 
the  north-eafi. 

They  Liliially  reckon  3.2  Rhumbs,  which  are  repre- 
fented  by  the  32  lines  in  the  rofe  or  card  of  the  coin- 
pafs. 

Aubin  defines  a Rhumb  to* be  a line  on  the  terrefirial 
globe,  or  fea*compafs,  or  fea-chart,  reprefenting  one 
.ef  the  32  winds  which  ferve  to  conduft  a veffd.  So 
that  the  Rhumb  a veffd  purfiies  is  conceived  as  its  route, 
or  courfe.- 

Rliumbs  are  divided  and  fubdivided  like  points  of  the 
Gompafs.  Thus,  the  whole  Rhumb  anfwers  to  the  car- 
dinal point.  The  half  Rhumb  to  a collateral  point, 
or  makes  an  angle  of  4^  degrees  with  the  former. 
And  the  quarter  Rhumb  makes  an  angle  of  22°  30' 
with  it.  Alfo  the  half-quarter  Rhumb  makes  an  angle 
of  11°  15'  with  the  fame. 

For  a table  ©f  the  Rrhumbs,  or  points,  and  their 
diflances  from  the  meridian,  fee  Wind. 

Rhumb-Line,  Loxoclro?nia,  in  Navigation,  is  a 
line  prolonged  from  any  point  of  the  compafs  in  a 
nautical  chart,  except  the  four  cardinal  points  : or  it 
18  the  line  vrhlcK  a fhip,  keeping  in  the  fame  col- 
lateral point,  or  rhumb,  defcribes  throughout  Its  whole 
courfe. 

The  chief  property  of  the  Rhumb-line,  or  lox- 
odromla,  and  that  from  which  fome  authors  define 
it,  is,  that  it  cuts  all  the  meridians  in  the  fame 
angle. 

This  angle  Is  called  the  angle  of  the  Rhumb,  or  the 
loxodrmnic  angle.  And  tlie  angle  which  the  Rhumb- 
line makes  with  any  parallel  to  the  equator,  Is  called 
tlie  complement  of  the  Rhumb. 

An  idea  of  the  origin  and  properties  of  the  Rhumb- 
line, the  great  foundation  of  Navigation,  may  be 
conceived  thus  ; a veffel  beginning  its  courfe,  the  wind 
by  which  It  is  driven  makes  a certain  angle  with  the 
meridian  of  the  place  ; and  as  we  fiiall  fuppofe  that 
the  velFel  runs  cxaddly  in  the  direction  of  the  wind,  it 
makes  the  fame  angle  with  the  meridian  which  the  wind 
makes,  Suppofing  then  the  wind  to  continue  the 


fame,  as  each  point  or  infiant  of  the  progrefs  may  fie 
efteemed  the  beginning,  the  veffd  always  makes  the 
fame  angle  with  the  meridian  of  the  place  where  it  is 
each  moment,  or  In  each  point  of  its  courfe  which  the 
wind  makes. 

Now  a wind,  for  example,  that  is  north-eafi,  and' 
which  confcquently  makes  an  angle  of  45  degrees  with 
the  meridian,  is  equally  north-eall  wherever  it  blov/a, 
and  makes  the  fame  angle  of  45  degrees  with  all  the 
meridians  it  meets.  And  therefore  a veffd,  driven  by 
the  lame  wind,  always  makes_the  lairte  angle  with  all 
the  meridians  it  meets  with  on  the  furface  of  the 
earth. 

It  the  veffel  fail  north  or  fouth,  it  defcribes  the 
great  circle  of  a meridian.  If  it  runs  call  or  wed,.- 
it  cuts  all  the  meridians  at  right  angles,  and  defcribes' 
either  the  circle  of  the  equator,  or  dfe  a circle  parallel 
to  it. 

But  if  the  veffd  fails  between  the  two,  it  does  not 
then  deferibe  a circle  ; fince  a circle,  drawn  obliquely  to 
a meridian,  w'ould  cut  all  the  meridians  at  unequal 
angles,  which  the  veffel  carmot  do.  It  defcribes  there- 
fm-e  another  curve,  the  effential  property  of  which  is,- 
that  It  cuts  all  the  meridians  in  the  fame  angle,  and  it 
IS  called’ the  loxoaromy^  or  loxodromic  cuv-ve,  or  Rhumb-' 
line,- 

This  curve,  on  the  globe,  is  a kind  of  fpiral,  tend- 
ing continually  nearer  and  nearer  to  the  pole,  and 
making  an  infinite  number  of  circumvolutions  about  It, 
but  without  ever  arriving  exadly  at  It.  But  the  Ipiral 
Rhumbs  on  the  globe  become  proportional  fpirals  In 
the  itcreograpliic  projedion  on  the  plane  of  the 
equator. 

The  length  of  apart  of  this  Rhumb-line,  or  fpiral, 
thtn,  Is  tile  diffance  ran  by  the  fhip  while  file  keeps  In 
the  lame  courfe.  But  as  fuch  a fpiral  line  would  prove 
very  perplexing  in  the  calculation,  It  was  neceffary  to 
have  the  fhip’s  way  in  a right  line  ; which  right  line 
however  mull  have  the  effential  properties  of  the  curve 
line,  viz,  to  cut  all  the  meridians  at  right  angles.- 
The  method  of  effeding  which,  fee  under  the  article 
Chart. 

The  arc  ©f  the  Rhumb-line  is  not  the  fliorteft  dif- 
tance  between  any  two  places  through  which  It  paffes  ; 
for  the  fliorteil  dillance,  on  the  furiace  of  the  globe,  L 
an  arc  of  the  great  circle  paffing  through  thofe  places  ; 
fo  that  it  would  be  a ihorter  courfe  to  fail  on  the  arc  of 
this  great  circle  ; but  then  tiic  fiiip  cannot  be  kept  in- 
the  great  circle,  becaufe  the  angle  it  makes  with  th«: 
meridians  Is  continually  varying,  more  or  lefs. 

Let  P be  the  pole,  RW  the- 
equator,  ABCDEP  a fpiral 
Rliurnb,  divided  into  an  indefi- 
nite number  of  equal  parts  at 
the  points  B,C,k),  &c;  through 
which  arc  drawn  the  meridians, 

P8,  PT,  PV,  (Stc,  and  the  pa- 
rallels FB,  KC,  LD,  &;c,  alfo 
draw  the  parallel  AN.  Then, 
as  a fiiip  fails  along  the  Rhumb- 
line  towards  the  pole,  or  in  the 
diredlon  ABCD  (5ec,  from  A 
to  E,  the  difiance  failed  Aid 
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IS  fi'i^de  np  of  all  the  finall  equal  parts  of  the  Rhumb 
Aij  4-  I'C  CD  -j-  D£  ; and 

the  fiim  oF  all  the  fmall  chiFerences  of  latitude 
AF  -f  BG  4-  CH  -p  D1  make  up  the  whole  differ- 
. once  of  latitude  AM  or  Ef4  ; and 
the  fum  of  all  the  fmall  parallels  FB  4*  GC  -4  MD  4- 
lE  is  what  IS  called  the  departure  in  plane  lading  ; and 
ME  is  the  meridional  diilauce,  or  diifance  between  the 
fiiil  and  laft  meridians,  meaiiired  on  the  laft  parallel  ; aMo 
RW  is  the 'difference  of  longitude,  meafnred  on  tire 
equator.  So  that  tlicfe  laff  three  are  all  different, 
viz,  the  departure,  the  meridionai  diitance,  and  the 
difference  of  longitude. 

If  the  fhip  fail  towards  the  equator,  from  E'to  A ; 
the  eieparture,  difference  of  latitude,  and  difference  of 
longitude,  wall  be  all  three  the  fame  as  before q but  the 
meridional  diftanee  will  now  be  AN,  iiiilead  of  ME  ; 
the  one  of  thefe  AN  being  greater  than  the  departure 
FB  4 GC  -E  HD  4 IE,  and  the  other  ME  is  lefs 
than  the  faime;  and  indeed  that  departure  is  n^^rly  a 
mean  proportional  between  the  two  meridional  diftances 
ME,  AN.  Other  properties  are  as  below, 

T.  All  the  fmall  elementary  triangles  ABF,  BCG, 
CDH,  &c,  are  mutually  fmiilar  and  equal  in  all  their 
parts.  Yoy  all  the  angles  at  A,  B,  C,  D,  &c  are  equal, 
■■'being  the  angles  which  the  Rhumb  makes  with  the 
.meridians,  or  the  angles  of  the  courfe  ; alfo  all  the  an- 
gles F,  G,  H,  I,  are  equal,  being  right  angles ; there- 
fore the  third  angles  are  equal,  and  the  triangles  all 
Fmilar,  Alfo  the  hypotenufes  i\B,  BC,  CD,  Sec,  are 
all  equal  by  the  hypothefis  ; and  confequently  the  trian- 
gles are  both  fimilar  and  equal. 

2.  As  radius  : dillance  run  AE 

: : fine  of  courfe  -/.A  : departure  FB  -4  GC  &c, 
‘ : cofin.  of  courfe  Z.  A ; dif,  of  lat.  AM. 

For  in  any  one  ABF  of  the  equal  elementary  triangles, 
which  may  be  confidered  as  fmall  right-angled  plane 
triangles,  it  is,  as  rad.  or  fin.  Z.  1" : fin.  courfe  A : : 
AB  : EB  t : (by  compofition)  the  fum  of  all  the 
tdiftances  AB  4 BC  4 CD  &c  : the  fum  of  all  the 
departures  FB  4 GC  4*  HD  ^c. 

And,  in  like  manner,  as  radius  : cof.  courfe  A : ; 
AB  : AF  : : AB  -4  BC  &c  : AF  -f  BG  &c. 

Flence,  of  thefe  four  things,  the  courfe,  the  differ- 
ence of  latitude,  the  departure,  and  the  diftanee  run, 
having  any  two  given,  the  other  two  are  found  by  the 
.proportions  above  in  this  article. 

By  means  of  the  departure,  the  length  of  the  Rhumb, 
or  diftanee  run,  may  be  conneAed  with  the  longitude 
and  latitude,  by  the  following  two  theorems. 

3.  As  radius  ; half  the  fum  of  the  cofines  of  both 
the  latitudes,  of  A and  E : ; dif.  of  long.  RW  : de- 
parture. 

Becaufe  RS  : FB  : : radius  : fine  of  PA  or  cof,  RA, 
and  VW  : IE  : : radius  : fine  of  PE  orcofi  EW. 

4.  As  radius  ; cof.  middle  latitude  : : dif.  of  longi- 
tude : departure. — Becaufe  cofine  of  middle  latitude  is 
nearly  equal  to  half  the  fum  of  the  cofines  of  the  two 
extreme  latitudes. 

RICCiOLI  ( JoANNt;s  BAPTisTA),a  learned  Ita- 


lian aftronomer,  philofopher,  and  mathematician,  wat  iki 
born  in  1598,  at  Ferrara,  a city  in  Italy,  in  the  do- 4^ 
minions  of  the  lV>pe,  At  16  years  of  age  he  was  ad-  £ 
mitred  into  the  focieiy  of  the  Jeluits,  He  was  endowed  L 
-with  uncommon  talents,  which  he  cultivated  with  ex- • ib 
traordiuary  application  ; fo  that  the  prngreis  he  made  ■ f ^ 
in  every  branch  (.>f  Hterarure  and  fcuence  was  iurprifing.  b 
He  was  firft  appointed  to  teach  rhetoric,  poetry,  phi-  'p 
lofophy,  and  fcholaftic  divinity,  in  the  Jetiuts’  colleges 
at  Parma  and  Bologna  ; yet  applied  himfeif  in  the  mean  li 
time  to  making  obfervatlons  in  geography,  curwiiology,  'y 
and  aftronomy.  This  was  his  natural  bent,  and  at  t 
length  he  obtained  leave  from  bis  fuperiors  to  quit  all  ^ 
‘Other  employment,  that  he  might  devote  himfeif  eu-  5 
tiiely  to  thofe  fciences, 

•He  projedled  a large  work,  to  be  divided  into  three  b 
parts,  and  to  contain  as  It  were  a complete  fyftem  of  n 
phllofophical,  mathematical,  and  afironomical  know-  m 
ledge.  The  firft  of  thefe  parts,  which  regards  aftronomy, 
came  out  at  Bologna  in  1651,  2 vols.  folio,  with  this 
title,  y*  B.  Riccioli  Almagejlum  Novum,  Njlronomiam 
nset'si'em  novamque-  complcBens,  ohjervatiomhus  aliorum  et 
propnis,  novijque  iheore^natibus^  problematibus  ac  talulis 
promotam.  Riccioli  Imitated  Ptoiomy  in  this  work,  by 
colledfing  and  digefting  into  proper  order,  with  obfer- 
vations,  every  thing  ancient  and  modern,  wdiich related 
to  his  fubjedl  ; fo  that  Gaffendus  very  juftly  called  his 
work,  “ Fromptuariura  et  thefaiirum  ingentem  Aftro- 
nomice.” 

In  the  firft  volume  of  this  work,  he  treats  of  the 
fphere  of  the  world,  of  the  fun  and  moon,  with  their 
eclipfes  ; of  the  fixed  ftars,  of  the  planets,  of  the  comets 
and  new  ftars,  of  the  feveral  mundane  fyftems,  and  fix 
fedtions  of  general  problems  ferving  to  aftronomy,  &c, 
—In  the  fecond  volume,  he  treats  of  trigonometry,  or 
the  dodlrlne  of  plane  and  fpherical  tri^igles  ; propofes 
to  give  a treatife  of  aftronomical  inftruments,  and  the 
optical  part  of  aftronomy  (which  part  was  never 
publiftied) ; treats  of  geography,  hydrography,  with  an 
epitome  of  chronology. — The  third,  comprehends  ob- 
fervations  of  the  fun,  moon,  eclipfes,  fixed  ftars  and 
planets,  with  precepts  and  tables  of  the  primary  and 
fecondary  motions,  and  other  aftronomical  tables. 

Riccioli  printed  alfo,  two  other  works,  in  folio,  at 
Bologna,  viz, 

2.  AJlronomta  Refonnata,  166^  : the  defign  of  which 
was,  that  of  confidering  the  various  hypothecs  of  feveral 
^ftronomers,  and  the  difficulty  thence  arifing  of  con- 
cluding any  thing  certain,  by  comparing  together  all,  ; 
the  beft  obfervations,  and  examining  what  is  moft  cer-  , 
tain  in  them,  thence  to  reform  the  principles  of  aftro-  • | 
nomy. 

3.  Chronologia  Reformata^  1669. 

Riccioli  died  in  1671,  at  73  years  of  age. 

RICOCI4ET  Firing,  in  the  Military  Art,  is  § 

method  of  firing  with  fmall  charges,  and  pieces  elevated 
but  in  a fmall  degree,  as  from  3 to  6 degrees.  The 
word  fignifies  duck-and  drake,  or  rebounding,  becaufe 
the  ball  or  ftiot,  thus  difcliarged,  goes  bounding  and  ■ 
rolling  along,  and  killing  or  deftroying  every  thiilg 
in  its  way,  like  the  bounding  of  a flat  ilone  along 
the  furface  of  water  when  thrown  almoft  horizon- 
tally. 
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RIpEAU,  in  Fortification,  a fmall  elevation  of 
earth,  extending  itfelf  lengthways  on  a plain  ; ferv- 
ing  to  cover  a camp,  or  give  aa  advantage  to  a 
poll. 

Rideau  is  fometimes  alfo  ufed  for  a trench,  the  earth 
of  which  is  thrown  up  on  its  fide,  to  ferve  as  a parapet 
for  covering  the  men. 

RIFLE  Guns,  in  the  Military  Art,,  are  thofe  whofe 
barrels,  infiead  of  being  imooth  on  the  infide,  a-re 
formed  with  a number  of  fpiral  channels,  making  each 
about  a turn  and  a hall  in  the  length  of  the  barrel. 
I'hefe  carry  their  balls  both  farther  and  truer  than  the 
common  pieces.  For  the  nature  and  qualitiefr  of  them, 
fee  Robins’s  Tradls,  vol,  i pa.  328  (See. 

RIGEL,  in  Aftronomy,-  See  Regel. 

R'lGHT,  in  Geometry,  fomething  that  lies  evenly 
or  equally,  without  inclining  or  bending  one  way  or 
another.  Thus,,  a Right-line  is  that  whofe  fmall 
parts  all  tend  the  fame  way.  In  this  fenfe,  Right 
means  the  fame  as  firaight,  as  oppofed  to  cuned  or 
crooked. 

Richt-y^;7^/(?,  that  which  one  line  makes  with 
another  upon  which  it  fiands  fo  as  to  incline  neither  to 
one  fide  nor  the  other.  And  in  this  fenfe  the  word 
Right  fiands  oppofed  to  oblique. 

Rig is  faid  of  a figure  when  its  Tides  are 
3t  Right  angles  or  perpehdicnlar  to  each  other. — This 
lometimes  holds  in  all  the  angles  of  the  figure,  as  in 
fquares  and  redlangles  ; fometimes  only  in  part,  as  in 
right-angled  triangles. 

Right  or  Cylinder^  orprifm,  or  pyramid,  one 

whofe  axis  is  at  right-angles  to  the  bafe. 

Right-//VW  Ar}glei  one  formed  by  Right  lines* 

Right  S'lne^  one  that  fiands  at  Right-angles  to  the 
diameter  ; as  oppofed  to  vf  rfed  fine. 

Right  Sphere^  is  that  where  tlie  equator  cuts  the 
horizon  at  Right  angles  ; or  that  which  has  the  poles 
in  the  horizon,  and  the  equinoftlal  in  the  zenith. 

Such  is  the  pofilion  of  the  fphere  with  regard  to 
thofe  who  live  at  the  equator,  or  under  the  equinoctial. 
The  confequences  of  which  are  ; that  they  have  no 
latitude,  nor  elevation  of  the  pole  ; they  fee  both  poles 
of  the  world,  and  all  the  fiars  rife,  culminate  and  fet  ; 
alfo  the  fun  always  rifes  and  defeends  at  Right  angles, 
and  makes  their  days  and  nigh  s equal.  In  a Right 
fphere,  the  horizon  is  a meridian  ; and  if  the  fphere  he 
fuppofed  to  revolve,  all  the  meridians  fuccefiively  be- 
come horizons,  one  after  another. 

Right  Alcenfion,  Defeenfion,  Parallax,  See.  See 
the  relpeftive  Articles. 

Right  Circle,  in  the  Stereographic  Projedlon  of  the 
Sphere,  is  a circle  at-Right  angles  to  the  plane  of  pro- 
jeftion,  or  that  is  projected  into  a Right  line. 

Right  Sailing,  is  that  in  which  a voyage  is  per- 
formed on  fome  one  of  the  four  cardinal  points,  eaft, 
wefi,  north,  or  fouth. 

If  tlie  fiiip  fail  on  a meridian,  that  is,  north  or  fouth, 
Ihe  does  not  alter  her  longitude,  but  only  changes  the 
latitude,  and  that  jufi  as  much  as  the  number  of  degreea 
file  has  run. 

But- if  ihe  fail  on  the  equator,  diredly  eaft  or  wefi, 


file  varies  not  her  latitude,  but  only ’changes  the  longL' 
tilde,  and  that  jufi  as  much  as  the  number  of  degrees 
file  has  run. 

And  if  file  fail  direttly  eaft  or  weft  upon  any  parallel,- 
file  again  does  not  change  her  latitude,  but  only  the 
longitude  ; yet  not  the  lame  as  the  number  of  degrees 
of  a great  circle  fhe  hath  failed,  as  on  the  equator,  but 
more,  according  as  the  parallel  is  remoter  from  the 
equinodial  towards  the  pole.  For  the  lefs  any  parallel 

is,  the  greater  is  the  difference  of-longitude  anfwering 
to  the  diftancerun. 

RIGIDITY,  a brittle  hardnefs  ; or  that  kind  of 
hardnefs  which  is  luppofed  to  arife  from  the  mutual' 
indentation  of  the  component  particles  within  one 
another.  Rigidity  Is  oppofed  to  duefiility,  malleability,- 
6ic, 

RING,  in  Afironomy  and  Navigation,  aninfiru-- 
merit  ufed  for  taking  the  fun’s  altitude  See.  It  is  ufually- 
of  brafs,  about  9 inches  diameter,  fufpended  by  a little 
fwivel,  at  the  difiance  of  45°  from  the  point  of  which ^ 
is  a perloratioii,  which  is  the  centre  of  a quadrant  of 
90°^divlded  in  the  Inner  concave  furface. 

Touie  it,  let  it  beheld  up  by  the  fwivel,  and  turned- 
round  to  the  fun,  till  his  rays,  falling  through  the  hole, 
make  a fpot  among  the  degrees,  which  marks  the 
altitude  required. 

This  infirument  is  preferred  before  the  afirolabe,., 
becaule  the  divifions  are  here  larger  than  on  that  in- 
firument. 

Ring,  of  Saturn,  is  a thin,  broad,  opaque  circular 
arch,  encompafiing  the  body  of  that  planet,  like  the* 
wooden  horizon  of  an  artificial  globe,  without  touching 

it,  and  appearing  double,  when  feen  through  a good 
telefcope. 

This  Ring  was  firfi  difeovered  by  Huygens,  who, 
after  frequent  obfervation  of  the  planet,  perceived  two  • 
lucid  points,  like  anfas  or  handles,  arifing  out  from  the 
body  in  a right  line.  Hence  as  in  fubfequentobfervations  - 
lie  always  found  the  fame  appearance,  he  concluded  that 
Saturn  was  encompaffed  with  a permanent  Ring;  and 
accordingly  produced  his  New  Syfiem  of  Saturn,  in 
1639.  However,  Galileo  firfi  difeovered  that  the  figure 
of  Saturn  was  not  round. 

Huygens  makes  the  fpace  between  the  globe  of  Saturn 
and  the  Ring  equal  to  the  breadth  of  the  Ring,  or 
rather  more,  being  about  220C0  miles  broad  ; and 
the  greatefi  diameter  of  the  Ring,  in  proportion  to  • 
that  of  the  globe,  as  9 to  4 But  Mr.  Pound’,  by  an 
excellent  micrometer  apjfiied  to  the  Huygenian  glafs  of  ' 
123  feet,  determined  this  juoportion,  more  exadlly,  to  ' 
be  ns  7 to  3. 

Obfervations  have  alfo  determined,,  that  the  plane  of  * 
the  Ring  is  inclined  to  the  plane  of  the  ecliptic  in  an  • 
angle  of  30  degrees  ; that  the  Ring  probably  turns,  . 
in  the  direciion  of  its  plane,  round  its  axis,  becaufe 
nl'.eu  it  is  almoft  edgewile  to  us,  it  appears  rather' 
thicker  on  one  fide'of  the  planet  thamon  the  o'ther  ; ■ 
and  the  thickefi  edge  has  been  feen  on  different  fides 
atdifferent  times  ; the  fun  fiiiiies  almoft  15  of  our  years 
together  on  one  fide  of  Saturn’s  Ring  without  fettiug, 
and  as  long  on.  the  other  in  its  turn  ; fo  ttui:  the  Ring 
is  vifible  to  the  inhabitants  of  that  planet  for  almoft 
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<;r  oiir  years,  and. as  long  invifible,  by  turns,  if  its  axis 
has  no- inclination  to  its  Ring  ; but  if  the  axis  of  the 
planet  be  Inclined  to  the  Ring,  ex.  gr.  about  30  degrees, 
the  Ring  will  appear  and  difappear  once  every  natural 
day  to  all  the  inhabitants  within  30  degrees  of  the 
equator,  on  both  hides,  frequently  eclipling  the  fun  in 
a Saturnian  day.  Moreover,  if  ^Saturn’s  axis  be  fo 
inclined  to  his  Ring,  it  is  perpendicular  to  his  orbit; 
by  which  the  inconvenleitce  of  different  feafons  to  that 
planet  is  avoided. 
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This  Ring^,  feen  from  Saturn,  appears  like  a large  | ' 
luminous  arch  in  the  heavena,  as  if  it  did  not  belong  to  l ; 
the  planet,  ; 

When  we  fee  the  Ring  moil  open,  its  fhadow  upon  t 
the  planet  is  broadell ; and  from  that  time  the  fhadow,  t 
grows  narrower,  as  the  Ring  appears  to  do  to  us  ; until,  j 
by  Saturn’s  annual  motion,  the  fun  comes  to  the  plane  | 
of  the  Ring,  or  even  with  its  edge  ; which,  being  then  1 
direcled  towards  us,  becomes  in vifibk,  on  account  i 

its  thinnefs,  | 


The  phenomena  of  Saturn’s  Ring  are  illuftrated  'by  a 
view  of  this  figure.  Let  S be  the  fun,  ABCDEFGH 
Saturn’s  orbit,  and  IKLMNO  the  earth’s  orbit.  Both 
.Baturn  and  the  earth  move  according  to  the  order  of  the 
letters  ; and  when  Saturn  is  at  A,  his  Ring  is  turned 
edgewife  to  the  fun  S,  and  he  is  then  feen  from  the 
^arth  as  if  he  had  loft  his  Ring,  Let  the  earth  be  in  any 
part  of  its  orbit  whatever,  except  between  N and  O ; 
for  whilft  it  deferibes  that  fpace,  Saturn  is  apparently 
fo  near  the  fun  as  to  be  hid  in  his  beams.  As  Saturn 
goes  from  A to  C,  his  Ring  appears  more  and  more 
open  to  the  earth ; at  C the  Ring  appears  moft  open 
of  all  ; and  feems  to  grow  narrower  and  narrower  as 
Saturn  goes  from  C to  E ; and  when  he  comes  to  E, 
the  Ring  is  again  turned  edgewife  both  to  the  fun  and 
earth  ; and  as  neither  of  Its  fides  is  illuminated,  it  is 
invifible  to  us,  becaufe  its  edge  is  too  thin  to  be  per- 
ceptible ; and  Saturn  appears  again  as  if  he  had  loft 
Ids  Ring.  But  as  he  goes  from  E to  G,  his  Ring 
opens  more  and  more  to  our  view  on  the  under  fide  ; 
and  feems  juft  as  open  at  G as  It  was  at  C,  and  maybe 
feen  in  the  night  time  from  the  earth  in  any  part  of  its 
orbit,  except  about  M,  when  the  fun  hides  the  planet 
from  our  view. 

As  Saturn  goes  from  G to  A,  his  Ring  turns  more 
and  more  edgewife  to  us,  and,  therefore,  it  feems  to 
grow  narrower  and  narrower ; and  at  A it  difappears 
as  before. 

Hence,  while  Saturn  goes  from  A to  E,  the  fun 
fhines  on  the  upper  fide  of  his  Ring,  and  the  under  fide 
is  dark  ; and  wdillft  he  goes  from  E to  A,  the  fun 
^ftdnes  on  the  under  fide  of  his  Ring,  and  the  upper  fide 
is  dark.  The  Ring  difappears  twice  in  every  annual 
revolution  of  Saturn,  viz,  when  he  is  in  the  19th  de- 
gree of  Pifees  and  of  Virgo,  and  when  Saturn  is  in  the 
middle  between  thefe  points,  or  in  the  19th  degree 
cither  of  Gemini  or  of  Sagittarius,  his  Ring  appears 
moft  open  to  us  ; and  then  its  longeft  diameter  is  to  its 
ftiorteft,  as  9 to  4.  Fergufon’s  Aftr.  fe61.  204. 

fhere  are  various  hypothefes  concerning  this  Ring. 
Kepler^  in  lus  Epitom.  Aftron.  Copern,  and  after  him 


Hr.  Halley,  in  bis  Enquiiy  into  the  Caufes  of  the  ■ 
Variation  of  the  Needle,  Phil.  Tranf.  No  195,  fuppofc 
our  earth  may  be  compofed  of  feveral  crufts  or  fhells,  1 
one  within  another,  and  concentric  to  each  other.  If 
this  be  the  cafe,  it  is  poflible  the  Ring  of  Saturn  may  ; 
be  the  fragment  or  remaining  ruin  of  his  formerly  ex-  . 
terior  fhell,  the  reft  of  which  is  broken  or  fallen  down  i 
upon  the  body  of  the  planet.  And  fome  have  fuppofed  |i 
that  the  Ring  may  be  a congeries  or  feries  of  moons  !. 
revolving  about  the  planet.  i 

Later  obfervations  have  thrown  much  more  light,  i 
upon  this  curious  phenomenon,  efpecially  refpedling  |i 
its  dimenfions,  and  rotation,  and  divifion  into  two  or  i 
more  parts.  De  la  Lande  and  De  la  Place  fay,  that  I 
Caflini  faw  the  breadth  of  the  Ring  divided  into  two  \ 
feparate  parts  that  are  equal,  or  nearly  fo^  Mr.  Short  f- 
affured  M.  De  la  Lande,  that  he  had  feen  many  divifions  1 
upon  the  Ring,  with  his  12  feet  telefoope.  And  Mr.  ? 
Hadley,  with  an  excellent  feet  reftedlor,  faw  the  i 
Ring  divided  into  two  parts.  Several  excellent  theories  i 
have  been  given  in  the  French  Memoirs,  particularly 
by  De  la  Place,  contending  for  thedivifion  of  the  Ring 
Into  many  parts.  But  finally  the  obfervations  of  Dr. 
Hei'fcliel,  in  feveral  volumes  of  the  Philof.  Tranf.  feem 
to  confirm^  the  divifton  into  two  concentric  parts  only,  ji 
The  dimenfions  of  thefe  two  Rings,  and  the  fpace  be-  f 
tvv.een  them,  he  ftates  in  the  following  proportion  to  ; 
each  other*  * ' 

MiJn.  ' 


Inner  diam.  of  fmallcr  Ring  ------  146345 

Outfide  diam.  of  ditto  184393 

Inner  diam.  of  larger  Ring  -------  190248 

Outfide  diam.  of  ditto 204883 

Breadth  of  the  inner  Ring  -------  20000 

Breadth  of  the  outer  Ring  -------  7200 


Breadth  of  the  vacant  fpace  ------  2\ 
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Ring  revolves  in  itsown  plaue,  in  10^  32^  i ^''’4* 

So  that  the  outfide  diameter  of  the  larger  Ring  is 
almoft  26  times  the  diameter  of  the  earth. 

Dr.  Herfchd  adds,  Some  theories  and  obfervations, 

of 
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of  otKcf  perfons,  kad  us  to  confider  the  queftion, 
Xv^iether  the  conftru0:ion  of  this  Ring  is  of  a nature  fo 
■Jjs  permanently  to  remain  in  its  prefcnt  (late?  or  whether 
it  be  liable  to  continual  and  frequent  changes,  in  fuch 
^manner  as  In  the  courfe  of  not  tnany  years,  to  be  feen 
fubdivided  into  narrow  dips,  and  then  again  as  united 
into  one  or  two  circular  planes  oni}^  Now,  without 
entering  into  a difcuHion,  the  mind  feems  to  revolt, 
even  at  firll  fight,  againft  an  idea  of  the  chaotic  Hate 
in  which  fo  large  a mafs  as  the  Ring  of  Saturn  mud 
reeds  be,  if  phenomena  like  thefe  can  be  admitted. 
Nor  ought  we  to  indulge  a fufpicion  of  this  being  a 
reality,  iinlefs  repeated  and  well-confirmed  obfervations 
hadproved,  be^'ond  a doubt,  that  this  Ring  was  aftually 
in  fo  fluctuating  a condition^’  But  from,  his  owm  ob- 
fervations he  concludes,  “ It  does  not  appear  to  me 
that  there  is  a fufficient  ground  for  admitting  the  Ring 
of  Saturn  to  be  of  a very  changeable  nature,  and  I guefs 
that  its  phenomena  will  hereafter  be  lb  fully  explained, 
as  to  reconcile  all  obfervations.  In  the  mean  wdiile,  we 
inuft  withhold  a final  judgment  of  its  coufiruCtion,  till 
we  can  have  more  obfervations.  Its  divifion  however 
into  two  very'  unequal  parts,  can  admit  of  no  doubt.’’ 
See  Philof.  Tranfi  vo\.  pa.  4,  481  See,  and  the  vol. 
For  1792,  pa.  I Sec.  alfo  Hid.  de  PAcad.  des  Scienc. 
de  Paris,  1787-,  pa.  249  See. 

Rings  of  Colours,  in  Optics,  a phenomenon  firft 
oblerved  in  thin  plates  of  various  fubllances,  by''  Boyle, 
and  Hook,  but  afterwards  more  fully  explained  by 
Newton. 

Mr.  Boyle  having  exhibited  a variety  of  colours  in 
colourlefs  liquors,  by  lhaking  them  till  they  rofe  in 
bubbles,  as  well  as  in  bubbles  of  foap  and  water,  and 
alfo  in  turpentine,  procured  glafs  blown  fo  thin  as  to 
exhibit  fimilar  colours,*  and  lie  obferves,  that  a featlier 
of  a proper  fiiape  and  fize,  and  alfo  a black  ribband, 
held  at  a proper  dlffance  between  his  eye  and  the  fun, 
fliew’ed  a variety  of  little  rainbows,  as  he  calls  them, 
with  very  vivid  colours.  Boyle’s  Works  by  Shawq 
Tol.  2,  p.  70.  Dr.  H&ok,  about  nine  years  after  the 
publication  of  iMr.  Boyle’s  Treatife  on  Coloui'S,  ex*- 
hlbited  the  coloured  bubbles  of  foap  and  water,  and 
x)bferved,  that  though  at  fird  It  appeared  wdiite  and 
clear,  yet  as  the  film  of  w'ater  became 'thinner,  there 
■appeared  upon  it  all  the  c<dours  of  the  rainbow.  He 
alio  deferibed  the  beautiful  colours  that  appear  In  thin 
plates  of  Mufeovy  glafs  ; which  appeared,  through  tlie 
miegoieope,  to  be  ranged  in  Rings  furrounding  the 
white  fpecks  or  flaw's  in  them,  and  with  the  fame  order 
of  colours  as  thofe  of  the  rainbow,  and  which  v/ere 
•often  repeated  ten  times.  He  alfo  took  two  thin  pieces 
of  glafs,  ground  plane  and  polidied,  and  putting  them 
•one  upon  another,  prclfed  them  till  tlieU'e  began  to 
appear  a red  eole'jred  fpot  in  the  middle  ; and  prefling 
them  clofer,  he  obferved  feveral  Rings  of  colours  cn- 
•compafiing  the  firll  place,  till,  at  kill,  all  the  colours 
difappeared  out  of  tlic  micblle  of  the  circles,  and  the 
central  fpot  apyieared  white.  The  fird  colour  that 
appeared  was  red,  then  y^ellow'’,  then  green,  then  blue, 
then  purple  ; then  again  red,  yellow,  green,  blue,  and 
purple  ; and  again  in  the  fame  order ; fo  that  he  fome- 
'times  counted  nine  or  ten  of  thefe  circles,  the  red  im- 

fijediately  next  to  the  purple  ; and  the  kid  colour  that 
Vol.  JI, 


appeared  before  the  white  w'as  blue  ; fo  that  it  began 
with  red,  and  ended  with  purple.  Thefe  Rings,  he 
fays,  w'oiild  change  their  places,  by  changing  the 
polition  of  the  e3'C,  fo  that,  the  glades  remaining  the 
fame,  that  part  wdiich  w'as  red  in  one  pofition  of  the 
eye,  was  bine  in  a fecond,  green  in  the  third,  Sec, 
BlrclBs  Hid.  of  the  Royal  Society,  vol.  3,  pa.  54, 
Newton,  having  demondrated  that  every  different 
colour  confids  of  rays  w'hich  have  a different  and  fpecific 
degree  of  refrangiblllty,  and  that  natural  bodies  appear 
of  this  or  that  colour,  according  to  their  difpofition  to 
refleft  this  or  that  fpeciesof  rays  (fee  Colo  Ur),  pnrfued 
the  hint  fuggeded  by'  the  experiments  of  Dr.  Hook, 
already  recited,  and  cafually  noticed  by  himfelf>  with 
regard  to  thin  tranfparent  fubdances*  Upon  com.- 
prelfing  two  prifms  hard  together,  in  order  to  make 
their  Tides  touch  one  another,  he  obferved,  that  in  the 
place  of  contadl  they  were  perfedlly  tranfparent,  which 
appeared  like  a dark  fpot,  and  when  It  W'as  IcKiked 
through,  it  feemed  like  a hole  in  that  air,  wliich  was 
formed  Into  a thin  plate,  by  being  Impreffed  between 
the  glalTes.  hen  this  plate  of  air,  by  turning  the 
prifms  about  their  common  axis,  became  fo  little  in* 
dined  to  the  incident  rays,  that  fome  of  them  began 
to  be  tranfmitted,  there  arofe  in  it  many  dender  arcs 
of  colours,  W'hich  increafed,  as  the  motion  of  the  prifms 
w'as  continued,  and  bended  more  and  more  about  the 
traiifpai*ent  fpot,  till  they  were  completed  into  circles, 
or  Rings,  furroiinding  it  ; and  afterwards  they  became 
continually  more  and  more  contraded. 

By  another  experiment,  with  tw'o  objedl  glades,  he 
was  enabled  to  obferve  diilinClly  the  order  and  quality 
of  the  eoloure  from  the  central  fpot,  to  a very  con*- 
fiderable  dillance.  Next  to  the  pellucid  central  fpot^ 
made  by  the  contadl  of  the  glaffes,  fiicceeded  blue, 
white,  veliow,  and  red.  The  next  circuit  immediately 
fu  rrounding  thefe,  confided  of  violet,  blue,  green^ 
yellow,  and  red.  The  third  circle  of  colours  was  pur- 
ple,^ blue,  green,  yellow’,  and  red.  The  fourth  circle 
confided  of  green  and  red.  All  the  fucceeding  colours 
became  more  and  more  iinperfeft  and  dilute,  till,  after 
three  or  four  revolutions,  lliev  ended  in  perfecl  whiter 
nefs. 

When  tllefe  Rings  w'ere  examined  in  a darkened 
room,  by  the  coloured  light  of  a prifrn  cad  on  a flieet 
of  w’hite  paper,  they  became  more  didindl,  and  vlfible 
to  a far  greater  number  than  in  the  open  air.  He  fome- 
times  faw  more  than  twenty  of  them,  w'hereas  in  the 
Open  air  he  could  not  difeern  above  eight  or  nine. 

From  other  curious  obfervations  on  thefe  Rings, 
made  by  different  kinds  of  light  tlirown  upon  them,  he 
inferred,  that  the  thiekiicdes  of  tiie  air  between  the 
glaffes,  where  the  Rings  are  fucceffively  made,  by  tlie 
limits  of  the  feven  colours,  red,  orange,  yellowy  green, 
blue,  indigo,  and  violet,  in  order,  are  one  to  another 
as  the  cube  roots  of  the  fquares  of  the  eight  lengths  of, 
a chord,  which  found  tlie  notes  in  an  odlave,  fol,  la, 
fa,  fol,  la,  mi,  fa,  fol  ; that  is,  as  the  cube  roots  af 
the  fquares  of  the  numbers  i,  4,  f 
Thefe  Rings  appeared  of  that  prifmatic  colour,  wdth 
W'hich  they  W'erc  illuminated,  and  by  projedling  the 
prifmatic  colours  immediately  upon  the  glaffes,  he  found 
that  the  light,  which  fell  on  the  dark  fpaccs  between 
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tlie  coloured  Rings,  was  tranfmitted  through  the  glaffes 
without  any  change  of  colour,  hrom  this  civcumftance 
he  thought  that  the  origin  of  thefe  Rings  is  manifefl ; 
becaufe  the  air  between  the  glaffes  is  difpoied  according 
to  its  various  thicknefs,  in  ferae  places  to  reflect,  and 
in  others  to  tranfmit  the  light  of  any  particular  colour, 
and  in  the  fame  place  to  refledf  that  of  one  colour, 
where  it  tranlmits  that  of  another. 

In  examining  the  phenomena  of  colours  made  by  a 
denfer  medium  furrounded  by  a rarer,  fuch  as  thofe 
which  appear  in  plates  of  Mufeovy  glafs,  bubbles  of 
foap  and  water,  &c,  the  colours  were  found  to  be  much 
more  vivid  than  the  others,  which  were  made  with  a 
rarer  medium  furrounded  by  a denier. 

Prom  the  preceding  phenomena  it  is  an  obvious  de- 
duction, that  the  tranfparent  parts  of  bodies,  according 
to  their  feveral  feries,  refleCt  rays  of  one  colour  and 
tranfmit  thofe  of  another  ; on  the  fame  account  that 
thin  plates,  or  bubbles,  refleCt  or  tranfmit  thofe  rays , 
and  this  Newton  fuppofed  to  be  the  reafoii  of  all  their 
colours,  fience  alfo  he  has  inferred,  that  the  fize  of 
thofe  component  parts  of  natural  bodies  that  affeCl  the 
light,  may  be  conjeCtured  by  their  colours.  See  Co- 
lour and  Reflection. 

Newton,  purfuing  his  difeoveries  concerning  the 
colours  of  thin  fubllances,  found  that  the  fame  were 
alfo  produced  by  plates  of  a confiderable  tnicknefs, 
divifible  into  leffer  thickneffes.  The  Rings  formed  in 
both  cafes  have  the  fame  origin,  with  this  difference, 
that  thofe  of  the  thin  plates  are  made  by  the  alternate 
reflexions  and  tranfmiffions  of  the  rays  at  the  fecond 
furface  of  the  plate,  after  one  paffage  through  it ; but 
that,  in  the  cafe  of  a glafs  fpeculum,  concave  on  one 
lide,  and  convex  on  the  other,  and  quickfilvered  over 
on  the  convex  fide,  the  rays  go  through  the  plate  and 
return  before  they  are  alternately  refleCfed  and  tranf- 
mitted. Newton’s  Optics,  p.  169,  &c.  or  Newton’s 
Opera,  Horfley’s  edit.  vol.  4?  P*  ^21,  &c.  p.  i84> 

See.  ^ . 

The  abbe  Mazeas,  in  his  experiments  on  the  Rings 
of  colours  that  appear  in  thin  plates,  has  difeovered 
feveral  Important  circumftances  attending  them,  which 
were  overlooked  by  the  fagacious  Newton,  and  which 
tend  to  invalidate  his  theory  for  explaining  them.  In 
rubbing  the  flat  fide  of  an  objeCt-glafs  againft  another 
piece  of  flat  and  fmooth  glafs,  he  found  that  they  ad- 
hered very  firmly  together  after  this  friiSfion,  and  that 
the  fame  colours  were  exhibited  between  thefe  plane 
glaffes,  which  Newton  had  obferved  between  the  convex 
obje6l  glafs  of  a telefcope,  and  another  that  was  plane  ; 
and  that  thecolours  were  in  proportion  totheir  adhefion. 
When  the  furfacesof  pieces  of  glafs,  that  are  tranfparent 
and  well  polllhed,  are  equally  preffed,  a refiftance  will 
• be  perceived  j and  wherever  this  is  felt,  two  or  three 
very  fine  curve  lines  will  be  difeovered,  fome  of  a pale 
red,  and  others  of  a faint  green.  If  the  friction  be 
continued,  the  red  and  green  lines  increafe  in  number 
at  the  place  of  contacf  ; the  colours  being  fometimes 
mixed  without  any  order,  and  fometimes  difpofed  in 
a regular  manner  ; in  which  cafe  the  coloured  lines  are 
generally  concentric  circles,  or  ovals,  more  or  lefs  elon- 
gated, as  the  furfaces  are  more  or  lefs  united. 

When  the  colours  areforracdp  the  gla{re& adhere  with 


confiderable  force  ; but  if  the  glaffes  be  feparated  fud- 
denly,  the  colours  will  appear  immediately  upon  their 
being  put  together,  without  the  lea-d  friaion.  Begin- 
ning with  the  flighted  touch,  and  increafing  the  pref- 
fure  by  iufenfible  degrees,  there  firfb  appears  an  .oval 
plate  of  a faint  red,  and  in  the  centre  of  it  a fpot  of 
light  green,  which  enlarges  by  the  preffure,  and  becomes 
a green  oval,  with  a red  fpot  in  the  centre  ; and  this 
enlarging  in  its  turn,  difeoversa  green  fpot  in  its  centre. 
Thus  the  red  and  green, fucce.ed  one  another  in  turns,. 
affuming  different ’fliades,  and  having  other  colours 
mixed  with  them.  The  greated  difference  between 
thefe  colours  exhibited  between  plane  furfa,ces,  and 
thofe  by  curve  ones,  is,  that,  in  the  former  cafe,  pref- 
fure alone  will  not  produce  them,  except  m the  cafe 
above  mentioned. 

In  rubbing  together  two  prifms,  with  very  fmall 
refradling  angles,  which  were  jofned  fo  as  to  form 'd 
parallelopiped,  the  colours  appeared  with  a furprifing 
ludre  at  the  places  of  eontadf,  and  differentiyjcoloured 
ovals  appeared.  , . 

In  thCi  centre  there  was  a black  .Bpot,  bordered  by  a 
deep  purple  ; next  to  this  appeared  violet,  blue,  orange,,, 
red  tinged  with  purple,  light  green,  aftd  faint  pur- 

pie.  ^ . 

The  other  Rings  appeared  to  the  naked  eye  to  confift- 
of  nothing  but  faint  reds  and  greens.  YVhpn  thefe 
coloured  glaffes  were  fufpended  over  the  flame  of  a- 
candle,  the  colours  difappeared  fuddenly,  though  they 
fliil  adhered ; but  being  fuffered  to  cool,  the  colours- 
returned  to  their  former  places,  in  the  fame  order  as. 
before.  At  flrd  the  abbe  Mazeas  had  no  doubt  but 
that  thefe  colours  were  owing  to  a thin  plate  of  air 
between  the  glaffes,  to  which  Newton  has  aferibed 
them  ; but  the  remarkable  difference  in  the  eircumftances-- 
attending  thofe  produced  by  the  flat  plates  and  thofe 
produced  by  the  objedi  glaffes  of  Newton,  convinced 
him  that  the  air  was  not  the  eaufe  of  this  appear- 
ance. The  colours  of  the  flat  plates  vanlfhed  at  the 
approach  of  flame,  but  thofe  of  the  objeT  glaffes 
did  not.  Nor  was  this  difference  owing  to  the  plane 
glaffes  being  lefs  comprefl'ed  than  the  convex  ones  ; for 
though  the  former  were  compreffed  ever  fo  much  by 
a pair  of  forceps,  it  did  not  in  the  leafl  hinder  the  effedl 
of  the  flame.  Afterwards  he  put  both  the  plane  glaffes 
and  the  convex  ones  into  the  receiver  of  an  air-pump, 
fufpending  the  former  by  a thread,  and  keeping  the 
latter  compreffed  by  two  firings  but  he  obferved  no 
change  in  the  colours  of  either  of  them,  in  the  mofi 
perfect  vacuum  that  he  could  make.  Siifpe6ling  ftill 
that  the  air  adhered  to  the  furface  of  the  glaffes,  fo 
as  not  to  be  feparated  from  them  by  the  force  of  the 
pump,  he  had  recourfe  to  other  experiments,  which  . 
rendered  it  ftill  more  improbable  that  the  air  flrould  be 
the  eaufe  of  thefe  colours.  Having  laid  the  coloured 
plates,  after  warming  tb#T  gradually,  on  burning  coals; 
and  thus,  when  they  were  nearly  red,  rubbing  them 
together,  he  obferved  the  fame  coloured  circles  and 
ovals  as  before.  When  he  ceafed  to  prefs  upon  them;, 
the  colours  feemed  to  vanifh  ; but  they  returned,  as  he 
renewed  the  fri<5tion.  In  order  to  determine  whether 
the  colours  were  owing  to  the  thicknefs  of  fome  matter 
interpofed  between  the  glaffes,.  he  rubbed  them  toge- 
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her  with  fiict  nnd  other  Toft  ru!){l5!nces  between  them  ; 
^■et  his  endeavour  to  produce  the  colours  had  no  efFcft. 
Hovvever  bp  continuing  the  friilion  with  fome  deg-ree 
of  violence,  he  obferveil,  that  a candle  appeared  through 
them  encompalTed  with  two  or  three  concentric  greens, 
and  with  a li'-ely  red  inclining  to  yellow,  and  a green 
like  that  of  an  emerald,  and  at  length  the  Rings  allhraed 
the  colours  of  blue,  yellow,  and  violet.  Thc’abbc  was 
confirn'icd  in  his  opinion  that  there  mud  be  fome  error 
in  Newton’s  hypothefis,  by  confidering  that,  according  to 
bis  meafures,  the  colours  of  the  plates  varied  with  the  dif- 
ference cbamillionth  part  of  an  inch  ; wdicreashe  was  fatif- 
fiedthat  there  mull  have  been  much  greater  differences  in 
the  didance  between  his  glades,  when  the  colours  re- 
mained unchanged.  From  other  experiments  he  con- 
cluded, that  the  plate  of  water  introduced  between  the 
glades  was  not  the  cauie  of  their  colours,  as  Newton 
apprehended  ] and  that  the  coloured  Rings  could  not 
be  owing  to  the  compreffion  of  the  trNlTes.  After  all, 
he  adds,  that  the  tlicory  of  light,  thus  rcfiedled  from 
thin  plates,- is  too  delicate  a fuhjedt  to  he  completely 
aieertained  by  a fmall  number  of  obfervations.  Berlin 
Mem.  for  17^2,  or  Memoires  Prefentes,  vol.  2,  pa. 
28 — 43.  M.  du  Tour  repeated  the  experiments  of  the 
abbe  Mazeas,  and  added  fome  obfervations  of  his  own, 
See  Mem.  Pref.  vol.  4,  pa.  288. 

Mudchenbvoeck  is  alio  of  opinion,  that  the  colours 
of  thin  plates  do  not  depend  upon  the  air  ; hut  as  to 
the  caufe  of  them,  he  acknowledges  that  he  could  not 
fatisfy  himfelf  about  it.  Introd.  ad  Phil.  Nat.  vol.  2> 
P-  73^- 

See  on  this  fubjedt  PrleFley’s  Hid.  of  Ligiit, 
per.  6,  leef.  3,  pa.  498,  See. 

For  an  account  of  the  Rings  of  colours  produced  by 
eledtrical  explohons,  fee  Colours  of  nattiral  bodies^  CiR- 
"C  u L A R fpots^  and  F a i r V circles-. 

RISING,  hi  Aftronomy,  the  appearance  of  thefun', 
^or  a ftar,  or  other  luminary,  above  the  horizon,  which 
before  was  hid  beneath  it. 

By  reafon  of  the  refradLich  of  the  atmofphere,  the 
heavenly  bodies  always  appear  to  rife  before  their  time  ; 
that  is,  they  are  feen  above  the  horizon,  while  they  are 
really  below  it,  by  about  33'  of  a degree. 

There  are  three  poetical  kinds  of  Rifiiig  of  the  dars. 
See  Acro  NicAL,  CosMicAL,  and  Heliacal. 

RIVER,  in  Geography,  a dream  or  current  of  frefh 
water,  flowing  in  a bed  or  channel,  from  a fource  or 
fpring,  into  the  fea. 

When  the  dream  is  not  large  enough  to  bear  boats, 
or  fmall  velfels,  loaden,  it  is  properly  called  by  the  di- 
minutive, rivulet  or  brook  ; but  when  it  is  confiderable 
enough  to  carry  larger  vedels,  it  is  called  by  the  general 
name  River. 

Rivulets  have  their  rlfe-fometimes  from  great  rain?, 
or  great  quantities  of  thawed  fnow,  efpecially  in  moun- 
tainous places  ; but  they  more  ufually  arife  from 
fprings. 

Rivers  themfelves  all  arife  either  from  the  confluence 
of  feveral  rivulets,  or  from  lakes. 

River,  in  Phyfics,  denotes  a dream  of  water  running 
by  its  own  gravity,  from  the  more  elevated  parts  of  the 
earth  towards  the  lower  parts,  la  a natural  bed  or  chan- 
Jied  open  above. 


When  the  channel  is  artificial,  or  cut  by  art,  it  is 
called  a canal;  of  which  there  are  two  kinds,  viz,  that 
whofe  channel  is  every  where  open,  without  duices, 
called  an  artificial  River,  and  that  whofe  water  is  kept 
up  and  let  off  by  means  of  fluices,  which  is  propeilv  a 
canal. 

Modern  phllofophers  endeavour  to  reduce  the  motion 
and  flux  of  Rivers  to  precife  laws  ; and  with  this  view 
they  have  applied  geometry  and  mechanics  to  this  fub- 
jecl ; fo  that  the  dodrine  of  Rivers  is  become  a part  of 
the  new  philofophy. 

The  authors  who  have  mod  didinguidied  themfelves 
in  this  branch,  are  the  Italians,  the  French,  and  the 
Dutch,  but  efpecially  the  fird,  and  among  them  more 
efpecially  Gulielmini,  and  Ximenes, 

Rivers,  fays  Gulielmini,  ufually  have  their  fources 
in  mountains  or  elevated  grounds  ; In  the  defeent  from 
which  it  is  raodly  that  they  acquire  the  velocity,  or 
acceleration,  which  maintains  their  future  current.  In 
proportion  as  they  advance  farthet,  this  velocity  dimi- 
ni fhes,  on  account  of  the  continual  friction  of  the  water 
againd  the  bottom  and  fides  of  the  channel  ; as  well  as 
from  the  various  ohdacles  they  meet  with  in  their  pro- 
grefs,  and  from  their  arriving  at  length  in  plains  where 
the  defeent  is  lefs,  and  courequently  their  inclination  to 
the  horizon  greater.  Thus  the  Reno,  a River  in  Italy, 
which  he  fays  gave  occafion,  in  fome  mtafure,  to  his 
fpeculations,  is  found  to  have  hear  its  mouth  a declivity 
of  fcarce  5:2  feconds. 

When  the  acquired  velocity  is  quite  fpen't,  through 
the  many  ohdacles,  fo  that  the  current  becomes  hoiR 
zontal,  there  will  then  nothing  remain  to  propagate 
the  motion,  and  continue  the  dream,  bht  the  depth-, 
or  the  perpendicular  preffure  of  the  wnteiy  which  is  al- 
ways proportional  to  the  depth.  And,  happily  for  us-, 
this  rcfource  incrcafes,  as  the  occafion  for  it  increafes ; 
for  in  proportion  as  the  water  lofes  of  the  velocity- 
acquired  by  the  defeent,  it  rifes  and  increafes  in  its 
depth. 

It  appears  from  the  laws  of  motion  pertaining  to 
bodies  moved  on  inclined  planes,  that  when  water  flows 
freely  upon  an  inclined  bed,  it  acquires  a velocity^ 
which  is  always  as  the  fquare  root  of  the  quantity  of 
defeent  of  the  bed.  But  in  an  horizontal  bed,  opened 
by  fluices  or  otlierwife,  at  one  or  both  ends,  the  water 
flows  out  by  its  gravity  alone. 

The  upper  parts  of  the  water  of  a River,  and  tliofc 
at  a diftance  from  the  banks,  may  continue  to  flow, 
from  the  fimple  caufe  or  principle  of  declivity,  how 
fmall  foever  it  be  ; for  not  being  detained  by  any  oh- 
dacle,  the  minuted  difference  of  level  will  haye  its  ef- 
fect ; but  the  lower  parts,  which  roll  along  the  bottom^ 
will  fcarce  be  fenfible  of  fo  fmall  a declivity  ; and  will 
only  have  what  motion  they  receive  from  the  preffure 
of  the  fupcrincumhent  waters. 

The  greated  velocity  of  a River  is  about  the  middle 
of  its  depth  and  breadth,  or  that  point  which  is  the 
farthed  poffible  from  the  furface  of  the  water,  and 
from  the  bottom  and  fidcs  of  the  bed  or  channel.  Where- 
as, on  the  contrary,  the  lead  velocity  of  the  water  is  at 
the  bottom  and  Tides  of  the  bed,  becaufe  there  the  refid- 
ance  ariling  from  friedion  is  the  greated,  which  is  com- 
niiinicated  to  the  other  parts  of  the  fedliou  of  the 
3 C 2 River 
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River  inverfely  as  the  diftanccs  from  the  bottom  and 
fides.  , 

To  find  whether  the  water  of  a River,  almod  hon- 
7onta],  hows  by  meanvS  of  the  velocity  acquired  in  its 
defeent,  or  by  tfse  preffure  of  its  depth  ; fet  up  an  ob- 
fiacle  perpendicular  to  it;  then  if  tlie  water  rlfe^and 
ivvcll  immediately  againd  theobdacle,  it  runs  by  virtue 
of  its  Fall;  but  if  it  firft  hop  a little  while,  in  virtue  of 
its  preffure. 

Rivers,  according  to  this  author,  almoFl:  always  make 
their  own  beds.  If  the  Iwttom  have  originally  been  a 
lai gc  declivity,  the  water,  hence  falling  with  a great 
force,  will  have  fwept  away  the  moil  elevated  parts  of 
the  foil,  and  carryings  them  lower  down,  will  graeiually 
render  the  bottom  more  nearly  horizontal. 

The  water  having  made  its  bed  horizontal,  becomes 
fo  itfelf,  and  confeqiiently  rakes  with  the  lefs  force 
againll  the  bottom,  till  at  length  that  force  becomes 
only  equal  to  the  refiftance  of  the  bottom,  which  is 
now  arrived  at  a date  of  permanency,  at  lead  for  a 
confiderable  time  ; and  the  longer  according  to  the 
quality  of  the  foil,  clay  and  chalk  redding  longer  than 
fand  or  mud. 

On  the  other  hand,  the  water  is  continually  wearing 
away  the  brims  of  its  channel,  and  this  -with  the  more 
force,  as,  by  the  diredion  of  its  dream,  it  impinges 
more  diredly  againd  them.  By  this  means  it  has  a 
continual  tendeticy  to  render  them  parallel  to  its  own 
courfe.  At  the  fame  time  that  it  has  thus  redified  its 
edges,  it  has  widened  its  own  bed,  and  thence  becom- 
ing lefs  deep,  it  lofes  part  of  its  force  and  prelTure  : this 
it  continues  to  do  till  there  is  an  equilibrium  between 
the  force  of  the  water  and  the  refidance  of  its  banks, 
and  then  they  will  remain  without  farther  change.  And 
it  appears  by  experience  that  thefe  equilibriums  are  all 
leal,  as  w^e  find  that  Rivers  only  dig  and  widen  to  a 
certain  pitch. 

The  very  reverfe  of  all  thefe  things  does  alfo  on  fome 
occafions  happen.  Rivers,  whofe  waters  are  thick  and 
muddy,  raife  their  bed,  by  depofiting  part  of  the  he- 
terogeneous matters  contained  in  them  : they  alfo  con- 
trad  their  banks,  by  a continual  oppofition  of  the  fame 
matter.  In  brudring  over  them.  This  matter,  being 
tiirown  afide  far  from  the  dream  of  water,  might  even 
ferve,  by  reafon  of  the  dullnefs  of  the  motion,  to  form 
aew  banks. 

If  thefe  various  caiTes  of  . refidance  to  tlie  motion  of 
fiowing  waters  did  not  exid,  viz,  the  attradion  and 
continual  fridion  of  the  bottom  and  fides,  the  inequa- 
lities In  both,  the  windings  and  angles  that  occur  in 
their  couiTe,  and  the  diminution  of  their  declivity  the 
farther  they  recede  from  their  fprings,  the  velocity  of 
their  currents  would  be  accelerated  to  10,  15,  or  even 
30  times  naore  than  it  is  at  prefent  In  the  fame  R-ivevs, 
by  which  they  would  become  abfolutely  unnaviga- 
ble. 

The  union  of  two  Rivers  Into  one,  makes  the  whole 
flow  the  fwifter,  becaufe,  Indead  of  the  fridion  of 
four  Fhores,  they  have  only  two  to  overcome,  and  one 
bottom  indead  of  two;  alfo  tlie  dream,  being  farther 
didant  from  the  banks,  goes  on  with  the  lefs  interrup- 
tion, befides,  that  a greater  quantity  of  water,  moving 
wkh  a greater  velocity,  digs  deeper  in  the  bed,  and  of 


conrfe  retrenebes  of  Its  former  width.  Hence  alio  it  u?, 
that  Rivers,  by  being  united,  take  up  lefs  fpace  on  the 
furface  of  the  earth,  and  are  more  advantageous  to  low 
grounds,  which  drain  their  fuperfluous  moidure  into 
them,  and  have  alfo  lefs  occafioii  for  dykes  to  prevent 
their  overflowing. 

A very  good  and  fimple  method  of  meaiuring  the 
velocity  of  the  current  of  a River,  or  canal,  Is  the  fol- 
lowing. Take  a cylindrical  piece  of  dry,  light  wood, 
and  of  a length  fomethlng  lefs  than  the  depth  of  the 
water  in  ,the  River  ; about  one  end  of  It  let  there  be 
fufpended  as  many  fmall  weights,  as  may  keep  the  cylin- 
der in  a vertical  or  upright  pofitlon,  with  its  head  juft 
above  water.  To  the  centre  of  this  end  fix  a fmall 
draight  rod,  precifely  in  the  diretlion  of  the  cylinder’s 
axis  ;.to  the  end  that,  when  the  indrument  is  fnfpended 
in  the  water,  the  deviations  of  the  rod  from  a perpendi- 
cularity to  the  furface  of  It,  may  indicate  which  end  of 
the  cylinder  goes  foremod,  by  which  may  be  difeovered 
the  different  velocities  of  the  water  at  different  depths 
for  when  the  rod  inclines  forward,  according  to  the.di- 
redlion  of  the  current,  it  Is  a proof  that  the  furface  of 
the  water  has  the  greateil  velocity  ; but  when  it  reclines, 
backward,  it  diews  that  the  fwifted  current  is  at  the 
bottom  ; and  when  it  remains  perpendicular,  it  is  a 
lio-n  that  the  velocities  at  the  top  and  bottom  are 

Id 

equal.  . 

This  indrument,  being  placed  in  the  current  of  a Ri- 
ver or  canal,  receives  all  the  percuffions  of  the  water 
throughout  the  whole  depth,  and  will  have  an  equal 
velocity  with  that  of  the  whole  current  fiom  the  lur- 
face  to  the  bottom  at  the  place  where  it  is  put  in,  and 
by  that  means  may  be  found,  both  with  exa£lnefs  and 
cafe,  the  mean  velocity  of  that  part  of  the  River  for  any 
determinate  didance  and  time. 

But  to  obtain  the  mean  velocity  of  the  whole  fedllon 
of  the  River,  the  indrument  mud  be  put  fucceffively 
both  in  the  middle  and  towards  the  fides,  becaufe  the 
velocities  at  thofe  places  are  often  very  different  from 
each  other.  Having  by  this  means  found  the  feveral 
velocities,  from  the  fpaces  run  over  in  certain  times, 
the  arithmetical  mean  proportional  of  all  thefe  trials, 
which  is  found  by  dividing  the  common  fum  of  them 
all  by  the  number  of  the  trials,  will  be  the  mean  velo- 
city of  the  River  or  canal.  And  if  this  medium  velo- 
city be  multiplied  by  the  area  of  the  tranfverfe  ledlion 
of  the  waters  at  any  place,  the  produft  will  be  the 
quantity  running  through  that  place  in  a fecond  of 
time. 

If  it  be  required  to  ffnd  the  velocity  of  the  current 
only  at  the  furface,  or  at  the  middle,  or  at  the  bottom, 
a fphere  of  wood  loaded,  or  a common  bottle  corked 
with  a little  vrater  in  it,  of  fach_  a weight  as  will  re- 
main fufpended  in  equilibrium  with  the  water  at  the 
furface  or  depth  which  we  want  to  meafure,  will  be 
better  for  the  purpofe  than  the  cylinder,  becaufe  it  is 
only  affected  by  the  water  of  that  lofe  part  of  the  cur- 
rent where  it  remains  fufpended. 

It  follows  from  v.'hat  has  been  faid  in  the  former 
part  of  this  article,  that  the  deeper  the  waters  are  in 
their  bed  in  proportion  to  its  breadth,  the  more  their 
motion  is  accelerated  ; fo  that  their  velocity  increafes  in 

the  inverfe  ratio  of  the  breadth  of  the  bed,  and  alfo 
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cf  tlic  magnitude  of  the  fedlion  j whefice,  in  order 
to  augment  the  velocity  of  water  in  a Rivw  or  canal, 
without  augmenting  the  declivity  of  the  bed,  wc  mull; 
incrcafe  the  depth  of  the  channel,  and  dlminifh  its 
breadth.  And  thefe  principles  are  agreeable  to  obfer- 
vation  ; as  it  is  well  known,  that  the  velocity  of  flow- 
ing waters  depends  much  more  on  the  quantity  and 
depth  of  the  water,  and  on  the  comprelhon  of  the  up- 
per parts  on  the  lower,  than  on  the  declivity  of  the 
bed  ; and  therefore  the  declivity  of  a River  mull  be 
made  much  greater  in  the  beginning  than  toward  the 
end  of  its  courfe  ; where  it  Ihonld  be  almoll  infenfi- 
ble.  If  the  depth  or  volume  of  water  in  a River  or 
canal  be  confiderable,  it  will  fnlfice,  in  the  part  next 
the  mouth,  to  allow  one  foot  of  dcclivitv  through  6000, 
or  8000,  or  even  (according  to  Dcchaics,  De  Fonti- 
bus  et  Fluviis,  prop.  49)  10000  feet  in  liovizontal 

extent  ; at  moll  it  need  not  be  above  i in  6 or  7 thou- 
fand.  From  hence  the  quantity  of  declivity  in  equal 
fpaces  mull  flowly  and  gradually  increafe  as  far  as  the 
current  is  to  be  made  ft  for  navigation  ; but  in  fuch  a 
manner,  as  that  at  this  upper  end  there  may  not  be 
above  one  foot  of  perpendicular  declivity  in  4000  feet 
of  horizontal  extent. 

To  c-onclude  this  article,  IM.  de  Buffon  obferves, 
that  people  accuflomed  to  Rivei  s can  eafily  foretell 
when  there  is  going  to  be  a fudden  increafe  of  water 
in  the  bed  from  floods  produced  by  fudden  falls  of  rain 
in  the  higher  countries  through  which  tlie  Rivers  pafs. 
This  they  perceive  by  a particular  motion  in  the  water, 
which  they  exprefs  by  faying,  that  the  River’s  bottom 
moves,  that  is,  the  water  at  the  bottom  of  the  channel 
runs  off  fafter  than  ufual ; and  this  increafe  of  motion 
at  the  bottom  of  a River  always  announces  a fudden  in- 
creafe of  water  coming  down  the  llream.  Nor,  fays 
he,  is  their  opinion  ill  grounded  ; becaufe  the  motion 
and  weight  of  the  waters  coming  down,  though  not 
yet  arrived,  muff  acl  upon  the  waters  in  the  lower  parts 
of  the  River,  and  communicate  by  impulfion  part 
of  their  motion  to  them,  within  a certain  dif- 
tance. 

On  the  fub|ecl  of  this  article,  fee  an  elaborate  trea- 
tlfe  on  Rivers  and  canals,  in  the  Philof.  Tranf.  vol.  69, 
pa.  555  &c,  by  Mr.  Mann,  who  has  availed  hipifelf 
of  the  obfervations  of  Gulielmini,  and  moll  other 
writer'?. 

RIXDOLLAR,  a filvcr  coin,  flruck  in  fevcral 
ffates  and  free  cities  in  Germany,  as  alfo  in  Flanders, 
Poland,  Denmark,  Sweden,  See. 

There  is  but  little  difference  between  the  Rixdollar 
and  the  dollar,  another  filver  coin  flruck  in  Germany, 
each  being  nearly  equal  to  the  French  crown  of  three 
livres,  or  the  Spanifli  piece  of  eight,  or  4s.  6d,  fler- 
ling. 

ROBEPwVAL  (G  iLEs-p£R  sonnl),  an  eminent 
French  mathematician,  was  born  in  1602,  at  Roberval, 
a parifh  in  the  diocefe  of  Beauvais.  He  was  fird  pro- 
feffor  of  mathematics  at  the  College  of  Maitre-Gervais, 
and  afterwards  at  the  Collcge-i'oyal.  A fimilarity  of 
tafle  coiine^fed  him  with  Gaffendi  and  Morin  ; the  lat- 
ter of  whom  lie  fuccceded  in  the  mathematical  chair  at 
the  Royal  College,  without  quitting  however  that  of 
Kamus, 


Roberval  made  experiments  on  the  Torricellian  va- 
cuum : he  invented  two  new  kinds  of  balance,  one  of 
which  was  proper  for  weighing  air  ; and  made  many 
other  curious  experiments.  FJe  was  one  of  the  firfl: 
members  of  the  ancient  Academy  of  Sciences  of  1666  ; ' 
but  died  in  1675,  at  73  years  of  age.  His  principal 
works  are, 

1.  A treatife  on  Mechanics.  \ 

If.  A work  entitled  Arillarchus  Samos. 

He  had  feveral  memoirs  inferted  in  the  volumes  of  the 
Academy  of  Sciences  of  1666,  viz, 

T.  Experiments  concerning  the  Preffure  of  tlie 
Air, 

2.  Obfervations  on  the  Compofitlon  of  Motion,  ami 
on  the  Tangents  of  Curve  Lines. 

3.  The  Recognition  of  Equations. 

4.  The  Geometrical  Relolution  of  Plane  and  Cubic 
Equations. 

V Treatife  on  Tndivifiblcs. 

6.  On  the  Trochoid,  or  Cycloid. 

7.  A Letter  to  Father  Merfenne. 

8.  Two  Letters  from  Toiricelli. 

9.  A new  kind  of  Balance. 

ROB  E l\.VxALr..IAN  LLer,  aname  given  to  certain 
lines,  uled  for  the  transformation  of  figures  ; thus 
called  from  their  inventor  Roberval. 

Thefe  lines  bound  fpaces  that  arc  infinitely  extended 
in  length,  which  are  ncverthelels  equal  to  other  fpaces 
that  are  terminated  on  all  fides. 

The  abbot  Gallois,  in  the  Memoirs  of  tlie  Royal 
Academy,  anno  1693,  obferves,  that  tlie  method  of 
transforming  figures,  explained  at  the  latter  end  of  Ro-  v 
berval’s  treatife  of  Iiidivifibles,  was  the  fame  with  that 
afterwards  publifhed  by  James  Gregory,  in  hisGeome- 
trla  Univerfalis,  and  alfo  by  Barrow  in  his  Ledlioncs 
Geometricos  ; and  that,  by  a letter  of  Torricelli,  it 
appears,  that  Roberval  was  the  inventor  of  this  man- 
ner of  transforming  figures,  by  means  of  certain 
lines,  which  Torricelli  therefore  called  Robervallian 
Lines. 

He  adds,  that  it  is  highly  probable,  that  J.  Gregory 
firft  learned  the  method  in  the  journey  he  made  to  Pa- 
dua in  1 668,  the  method  itlelf  having  been  known  in 
Italy  from  the  year  1646,  though  the  book  was  not 
publifhed  till  the  year  1692. 

This  account  David  Gregory  has  endeavoured  to 
refute,  in  vindication  of  his  uncle  James.  His  anfwer 
is  interted  in  the  Philof.  Tranf.  of  1694,  and  the  ab- 
bot rejoined  in  the  French  Memoirs  ot  the  Academy 
of  1703. 

RCUjINS  (Bf-njamin),  an  Englifh  mathematician 
and  philofopher  of  great  genius  and  eminence,  was 
born  at  Bath  in  Somerfetfliire,  1707.  His  parents  were 
of  low  condition,  and  Qnakers  ; and  confcquenllv  nei- 
ther able  from  their  circumllances,  nor  willing  from 
their  religious  profeffion,  to  have  him  much  inflmcfed 
in  that  kind  of  learning  which  they  are  taught  to  dc- 
fplfe  as  human.  Neverthelefs,  he  made  an  early  and 
furprifing  progrefs  in  various  branches  of  fclence  and 
litei  ature,  pa>rticularly  in  the  mathematics ; and  his 
friends  being  dcfirous  that  he  might  continue  his  pur- 
fiiits,  and  that  his  merit  might  not  be  buried  in  obfeu* 
rity,  wdlhed  that  he  could  be  properly  recommended 
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to  iencli  "that  fcience  in  London.  Accordingly,  a fpe- 
cimen  of  his  abilities  in  this  way  was  lent  up  thither, 
and  fltewn  to  Dr.  Pemberton,  the  author  of  the  “ View 
of  Sir  Ifaac  Newton’s  Philofophy  who,  thence  con- 
ceiving a good  opinion  of  the  writer,  for  a farther  trial 
of  his  f!<ili  fent  him  feme  problems,  which  Robins  re- 
iolvt'd  very  much  to  his  fatisfadlmn.  He  then  came 
■to  London,  where  he  confirmed  the  opinion  which 
had  been  preconceived  of  his  abilities  and  know- 
^ ledge. 

But  though 'Hoblns  w^as  poflefTed  of  much  more'iltill 
" than  is  iifually  required  in  a common  teacher ; yet 
^ Being  very  young,  it  was  ' thought  proper  that  he 
■ {Iroiild  employ  ' fome  time  in  perttfing  the  beif  Writers 
upon  the  fublimer  parts  of  the  mathematics,  before  he 
fl'iould  undertake, publicly  the  inftruefion  of  others.  In 
’this  interval,  befides  improving  himfelf  in  the  modern 
•languages,  he  had  opportunities  of  reading  in  particular 
the  works  of  Archimedes,  Apollonius,  Fermat,  Huy^ 
gens,  De  Witt,  Slulius,  Gregory,  Barrow,  Newton, 
Taylor,  and  Cotes.  Thefe  authors  he  readily  under- 
" (food  without  any  afiiftance-,  of  which  he  gave  frequent 
-proofs  to  his  friends : one  was,  a demonlfration  of  the 
iaft  propofition  of  Newton’s  treatife  on  Quadratures, 
which  was  thought  not  undtfervuig  a place  in  the  Phi- 
lofophical  Tranfadfions  for  i /ly. 

Not  long  after,  an  opportunity  offered  him  of  exhi- 
' biting  to  the  public  a fpecimen  alfo  of  his 'knowledge  in 
Natural  Philofophy.  The  Royal  Academy  of  Sciences 
at  Paris  had  propofed,  among  their  prize  qiiellions  in 
1724  and  1726,  to  demonffrate  the  laws  of  motion  in 
Todies  impinging  on  one  another,  John  Bernoulli 
here  condefeended  to  be  a candidate;  and  as  his  differ- 
"tatlon  loff  the  reward,  he  appealed  to  the  learned  world 
by  printing  it  in  1727.  In  this  piece  he  endeavoured 
to  effablifii  Leibnitz’s  opinion  of  the  force  of  bodies  in 
motion  from  the  effedfs  of  their  ffriking  againft  fpringy 
materials ; as  Poleni  had  before  attempted  to  evince  the 
fame  thing  from  experiments  of  bodies  falling  on  foft 
and  yielding  fublfances.  But  as  the  infufficiency  of 
Toleni’s  arguments  had  been  demonffrated  in  the  Phi- 
lofopiiical  Tranfadfions,  for  1 722  ; fo  Robins  publifhed 
in  the  Prefent  State  of  the  Republic  of  Letters,  for 
May  1728,  a Confutation  of  Bernoulli’s  performance, 
■which  was  allowed  to  be  unanfwerable. 

Robins  now  began  to  take  fcholars  ; and  about  this 
time  he  quitted  the  garb  and  profeffion  of  a Quaker; 
for,  having  neither  enthufiafm  nor  fnperllition  in  his 
nature,  as  begame  a mathematician,  he  foon  fliook  off 
the  prejudices  of  fuch  eady  habits.  But  though  he 
profeffed  to  teach  the  mathematics  only,  he  would  fre- 
quently aflid  particular  friends  in  other  matters  ; for  he 
was  a man  of  univerfal  knowledge  : and  the  confine- 
ment of  this  way  of  life  not  fuiting  his  difpofition, 
wdiich  was  aClive,  he  gradually  declined  it,  and  went 
into  other  courfes,  that  required  more  exercife.  Hence 
he  tried  many  laborious  experiments  in  gunnery  ; be- 
lieving that  the  refiftance  of  the  air  had  a much  greater 
cffedl  on  fwilt  projedlilcs,  than  was  generally  fuppofed. 
And  hence  he  was  led  to  confider  thofe  mechanic  arts 
that  depend  upon  mathematical  principles,  in  which 
be  might  employ  his  invention  : as,  the  conftrudting  of 
mills,  the  building  of  bridges,  draining  of  fens,  ren- 


dering of  rivers  navigable,  and  making  of  harbduft-* , ^ 
Among  other  arts  of  this  kind,  fortification  very  much  i \ 
engaged  his  attention  ; in  which  he  met  with  opportii-  i 
nitiee  of  perfedfing  himfelf,  by  a view  of  the  principals 
Prong  places  of  Flanders,  in  fome  journeys  he  fnade  : j 
abroad  with  perfons  of  diftinclion,  [ 

On  his  return  home  from  one  of  thefe  excurfions,  he ; i 
found  the  learned  here  amiifed  with  Dr«  Berkeley’s  trea-  • 1 
t‘fe,  printed  in  I734,  entitled,  The  Analyft  in  : | 
which  an  examination  was  made  into  the  grounds  of:  ( 
the  dodfrine  of  Huxions,  and  occafion  thence  taken  to 
explode  that  method.  Robins  was  therefore  advifed  , 
to  clear  up  this  affair,  by  giving  a full  and  diPindl  ac- 
count of  Newton’s  dodfrines,  in  fuch  a manner,  as  to 
obviate  all  the  objedfions,  without  naming  them,  which  . 
had  been  advanced  by  Berkeley ; and  atuordingly  he  ' 
publifhed,  in  1735,  ^ D[fcourfe  concerning  the  Nature  \ 
and  Certainty  of  Sir  Ifaac  'Nenrtords  Method  of  Fluxions^  .y, 
and  of  Prime  and  Ultimate  Ratios,  This  is  a very  clear,  S 
neat,  and  elegant  performance  : and  yet  fome  perfons,  1 
even  among  thofe  who  had  written  againft  The  Ana- 
lyft,  taking  exception  at  Robins’s  manner  of  defending.  ; 
Newton’s  dodfrine,  he  afterwards  wrote  two  or  three.: 
additional  difeourfes. 

In  173S,  he  defended  Newton  againft  an  objedlion, , ; 
contained  in  a note  at  the  end  of  a Latin  piece,  called  ^ ; 

Matho,  five  Cofmotheoria  puerilis,”  written  by  Bax- • . 
ter,  author  of  the  “ Inquiry  into  the  Nature  of  the*: 
Human  Soul;”  and  the  year  after  he  printed  Remarks  t 
on  EuleFs  Treatife  of  Motiotty  on  Smith’s  Syfe?n  of  0p~ 
tics,  and  on  Juritfs  Difeourfe  of  D'ftind;  and  Indifin^ 
Efiotiy  annexed  to  Dr.  Smith’s  worH 

In  the  mean  time  Robins’s  performances  w-ere  not  t; 
confined  to  mathematical  fubjedls  : for,  in  1739,  there,,- 1 
came  out  three  pamphlets  upon  political  affairs,  which  i 
did  him  great  honour.  The  firft  was  entitled,  [ 

tlons  on  the  prefent  Convention  moilh  Spain:  the  fecond,  ,t 
A Narrative  of  vjhat  pajfed  in  the  Common  Hail  of  [ 
the  Citizens  of  Londotiy  ojjemhied for  the  EletUon  of  a Lord  if 
Mayor  * the  third,  An  Addrefs  to  the  ElcSiors  and  other 
free  Siihjeds  of  Great  Britainy  occafioned  hy  the  late  Sue-  4 
cejpon  ; in  <which  is  contained  a Particular  Account  of  all  ■ 
cur  Negociations  nvith  Spain,  and  their  Treatment  of  us  . 
for  above  ten  years  pafi.  Thefe  were  all  piibliftjed  with-  ■ 
out  oilr  authoi’s  name  ; and  the  firft  and  laft  were  fo  ^ 
univerftilly  efteemed,  that  they  were  generally  reputed  1 : 
to  iiave  been  tlie  produdfion  of  the  great  man  him-  ■ ' 
felf,  who  Was  at  the  head  of  the  oppofition  to  Sir  Ro'- 
bert  Walpole.  They  proved  of  fuch  confequenee  to  f 
Mr.  Rob  ins,  as  to  occafion  his  being  employed  in  a 
very  lionourable  poft  ; for,  the  patriots  at  length  gain-  4 
ing  ground  againft  Sir  Robert,  and  a committee  of  t!ie  I 
Houfe  of  Commons  being  appointed  to  examine  into  I 
his  paft  condudl,  Robins  was  chofen  their  fecretary-.  ■! 
But  after  the  committee  had  prefented  two  reports  of  ! 
their  proceedings,  a hidden  ftop  was  put  to  their  far-  | 
ther  progrefs,  by  a compromife  between  the  contending 
parties. 

In  1742,  being  again  at  lelfure,  he  publifned  a fmaft  1 
treatife,  entitled,  New  Principles  of  Gunnery  ; "cohtaui-  i 
ing  the  refult  of  many  experiments  he  had  made-, 
which  are  difeovered  the  force  of  gunpovvder,  and  the 
difterence  in  the  reiifting  power  of  t}>e  air  to  fwift  and  [ 
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jTowmptions.  To  this  treatiTc  was  prefixed  a full  and 
learned  account  of  the  progrefs  which  modern  fortifica- 
tion had  made  frorp  itsfirft  rife  ; as  alfo  of  the  invention 
of  gunpowder,  and  of  what  had  already  been  performed 
in  the  theory  of  gunnery.  It  feems  that  the  occafion 
of  this  publication,  was  the  difappointment  of  a fitua- 
tion  at  the  Roval  Military  Academy  at  Woolwich.  On 
the  new  modelling  and  eftablifliing  of  that  Academy, 
in  I74i>  our  author  and  the  late  Mr.  Muller  were  com- 
petitors for  the  place  of  profeffor  of  fortification  and 
gunnery.  Mr.  Muller  held  then  fome  poft  in  the 
Tower  of  London,  under  the  Board  of  Ordnance,  fo 
that,  notwithftanding  the  great  knowledge  and  abili- 
ties of  our  author,  the  intereft  which  Mr.  Muller  had 
with  the  Board  of  Ordnance  carried  the  eledlion  in  his 
favour.  Upon  this  difappointment  Mr.  Robins,  indig- 
nant at  the  affront,  determined  to  fhew  them,  and  the 
w'orld,  by  his  military  publications,  what  fort  of  a man 
he  was  that  they  had  rejeded. 

Upon  a difeourfe  containing  certain  experiments 
being  publiffed  in  the  Philofophical  Tranfadions,  with 
a view  to  invalidate  lome  of  Robins’s  opinions,  he 
thought  proper,  in  an  account  he  gave  of  his  book  in 
the  fame  Tranfadions,  to  take  notice  of  thofe  expieri- 
rnents  : and  in  confequence  of  this,  feveral  differtations 
of  his  on  the  refiffance  of  the  air  were  read,  and  the 
experiments  exhibited  before  the  Royal  Society,  in 
1746  and  1747  i which  he  was  prefented  with  the 
annual  gold  medal  by  that  Society. 

In  1748  came  out  Anfon’s  Voyage  round  the  World  ; 
which,  though  it  bears  Walter’s  name  in  the  title-page, 
was  in  reality  written  by  Robins.  Of  this  voyage  the 
public  had  for  fome  time  been  in  expeftation  of  feeino* 
an  account,  compofed  under  that  commander’s  own  in- 
fpeAion  : for  which  piirpofe  the  reverend  Richard  Wal- 
ter was  employed,  as  having  been  chaplain  on  board 
the  Centurion  the  greatefi  part  of  the  expedition.  Wal- 
ter had  accordingly  almoft  finifhed  his  talk,  having 
brought  it  down  to  his  own  departure  from  Macao  for 
England  ; when  he  propofed  to  print  his  work  byfub- 
feription.  It  was  thought  proper  however  that  an  able 
judge  fhould  firft  review  and  correft  it,  and  Robins  was 
appointed  ; when,  upon  examination,  it  was  refolved, 
that  the  whole  fhould  be  written  entirely  by  Robins, 
and  tliat  what  Vf alter  had  done,  being  moflly  taken 
verbatim  from  the  journals,  fliould  ferve  as  materials 
onlv.  Hence  it  was  that  the  whole  of  the  introdiuPion, 
and  many  differtations  in  the  body  of  the  woik,  were 
compofed  by  Robins,  without  receiving  the  leaf!  hint 
from  Walter’s  manufeript  ; and  what  he  had  tranferibed 
from  it  regarded  cbiefiy  the  wind  and  weather,  the  cur- 
rents, courfes,  bearings,  difiances,  offings,  foundings, 
moorings,  the  qualities  of'the  ground  they  anchored  on, 
and  fuch  particulars  as  ufually  fill  up  a feaman’s  ac- 
count. No  produdlion  of  this  kind  ever  met  with  a 
more  favourable  reception,  four  large  impreffions  hav- 
ing been  fold  off  within  a year:  it"  was  alfo  tranflated 
into  moft  of  the  European  languages  ; and  it  fiill  fup- 
ports  its  reputation,  having  been  repeatedly  reprinted  in 
various  fizes.  The  fifth  edition  at  London  in  1749 
Was  revifed  and  corrected  by  Robins  himfelf ; and  the 
9tli  edition  was  printed  there  in  1761. 

TIkis  becoming  famous  for  Lis  elegant  talents  in 


writing,  he  was  requeued  to  compofe  an  apology  for 
tiie  unrortunate  affair  at  Preftonpans  in  Scotland. 
This  was  added  as  a preface  to  the  Report  of  the  Pro- 
ceedings and  Opinion  of  the  Board  of  General  Officers 
on  their  Examination  into  the  Condudl  of  Lieutenant 
General  Sir  John  Cope,  &c,  printed  at  London  in 

1719  » ^^^d  this  preface  was  efteemed  a mafier-piece  in 
its  kind. 

Robins  had  afterwards,  by  the  favour  of  lord  Anfon,- 
opportunities  of  making  farther  experiments  in  Gun- 
nery ; vvhich  have  been  publifhed  fiiice  his  death,  in 
the  edition  of  his  works  by  his  friend  Dr.  Wilfon.  He 
alfo  not  a little  contributed  to  the  improvements  made 
in  the  Royal  Obfervatory  at  Greenwich,  by  procuring 
for  it,  through  the  intereft  of  the  fame  noble  perfon,  a 
fecond  mural  quadrant,  and  other  inftruments  ; by 
which^lt  became  perhaps  the  completed:  of  any  obferva- 
tory  in  the  world. 

LIls  reputation  being  now  arrived  at  its  full  height, 
he  was  offered  the  choice  of  two  very  confiderable  em- 
ployments. The  firft  was  to  go  to  Paris,  as  one  of 
the  commiffaries  for  adjufting  the  limits  in  Acadia  ; 
the  other,  to  be  engineer  general  to  the  Eaft  India  Com- 
pany, wliofe  forts,  being  in  a moft  ruinous  condition, 
wanted  an  able  perfon  to  put  them  into  a proper  ftate  of 
defence.  He  accepted  the  latter,  as  it  was  fiiitable  to 
his  genius,  and  as  the  Company’s  terms  were  both  ad- 
vantageous and  honourable.  He  defigned,  if  he  had 
remained  in  England,  to  have  written  a fecond  part  of 
the  Voyage  round  the  World  ; as  appears  by  a letter 
from  lord  An  Ton  to  him,  dated  Bath,  061.22,  1740, 
as  follows. 

“ Dear  Sir,  when  I laft  faw  you  In  town,  1 forgot  to 
afic  you^  whether  you  intended  to  publifh  the  fecond 
volume  of  my  Voyage  before  you  leave  us;  which  I 
confefs  I am  very  forry  for.  If  you  ftiould  have  laid 
afide  all  thoughts  of  favouring  the  world  with  more  of 
your  works,  it  will  be  much  difappointed,  and  no  one 
in  it  more  than  your  very  obliged  humble  fervant, 

“ Anson.’^ 

RobI  ns  was  alfo  prepai ing  an  enlarged  edition  of  his 
New  Principles  of  Gunnery  : but,  having  provided 
Iiimlelf  with  a complete  fet  of  aftronornical  and  other 
inftruments,  for  making  obfervations  and  experiments 
in  the  Indies,  he  departed  lienee  at  Chriftmas  in  1749; 
and  after  a voyage,  in  which  the  flilp  was  near  being 
caft  away,  he  arrived  at  India  in  July  following.  There 
he  immediately  fet  about  his  proper  bufinefs  with  the 
greateft  diligence,  and  formed  complete  plans  for  Foit 
St,  David  and  Madras  : but  he  did  not  live  to  put 
them  into  execution.  Fo;  the  great  difterence  of  the 
climate  from  that  of  England  being  beyond  his  confti- 
tution  to  fnpport,  be  was  attacked  by  a fever  in  Sep- 
tember the  fame  year  ; and  though  he  recovered  out  of 
this,  yet  about  eight  months  after  he  fell  into  a lan- 
guiflring  condition,  in  which  he  continued  till  his  death, 
which  happened  the  29th  of  July  1771,  at  only  44 
years  of  age. 

By  his  laft  will,  Mr.  Robins  left  the  puhlifiiirig  of  hia 
MathcmatIcalWorksto  his  honoured  and  intimate  friend 
Martin  Folkcs,  Efq.  prefident  of  the  Royal  Society,, 
and  to  Dr.  James  Wilfon  ; but  the  former  of  thele 
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^'cntlemcn  being  Incapacitated  by  a paralytic  diforder, 
^or  feme  time  before  his  death,  they  were  afterwards 
publiniedby  the  latter,  in  2 volumes  8vo,  1761.  To 
this  colledtion,  which  contains  his  mathematical  and 
philofophical  pieces  only,  I3r.  Wilfon  has  prefixed  an 
account  of  Mr.  Robins,  from  which  this  memrrir  is 
chiefly  extradled.  He  added  alfo  a large  appendix  at 
tlie  end  of  the  fecond  volume,  containing  a gu'eat  many 
curious  and  Critical  matters  in  various  interefting  parts 
of  the  mathematics.  As  to  Mr.  Robins's  own  papers 
in  thefe  two  volumes,  they  are  as  follow : viz,  in 
voh  I, 

1.  New  Principles  of  Gunnery.  Fiift  printed  in 
1742. 

2.  An  Account  of  that  book.  Read  before  the 
R-oyal  Society,  April  the  14th  and  2ifl:  1743. 

3.  Of  the  Refinance  of  the  Air.  Read  the  12th  of 
June  1 746. 

4.  Of  the  Refiftance  of  the  Am  ; together  with  the 
Method  of  computing  the  Motions  of  Bodies  projedled 
in  that  Medium.  Read  June  19,  1746, 

5.  Account  of  Experiments  relating  to  the  Refiflance 
of  the  Air.  Read  the  4th  of  June  1747. 

6.  Of  the  Force  of  Gunpowder,  with  the  Computa- 
tion of  the  Velocities  thereby  communicated  to  military 
piojedfiles.  Read  the  25th  of  June  i747« 

7.  A Comparlfon  of  the  Experimental  Ranges  of 
Cannon  and  Mortars,  with  the  Theory  contained  in 
the  preceding  papers.  Read  the  27th  of  June  175 

8.  Pradlical  Maxims  relating  to  the  Effedfs  and  Ma- 
nagement of  Artiiler}",  and  the  Flight  of  Shells  and 
Shot. 

9.  A Propofal  for  increafing  the  Strength  of  the 
Britllh  Navy.  Read  the  2d  of  April  1747. 

10.  A I^etter  to  Martin  Folkes,  Efq.  Prefidcnt  of 
the  Royal  Society.  Read  the  7th  of  January  I74^* 

IT.  A Letter  to  Lord  Anfon.  Read  the  26th  of 
Odlober  1749. 

(2.  On  Pointing,  or  Directing  of  Cannon  to  ilrike 
diflant  objedfs. 

13.  Obfervations  on  the  Height  to  which  Rockets 
afeend.  Read  the  xph  of  May  1749. 

14.  An  Account  of  fome  Experiments  on  Rockets, 
by  Mr.  Ellicott. 

ic.  Of  the  Nature  and  Advantage  of  Rifled  Bar- 
rel Pieces,  by  Mr.  Robins.  Read  the  2d  of  July 

H47- 

In  volume  II  are, 

26.  A Difeourfe  concerning  the  Nature  and  Cer- 
ta'nty  of  Sir  Ifaac  Newton’s  Methods  of  Fluxions,  and 
of  Prime  and  Ultimate  Ratios. 

17.  An  Account  of  the  preceding  Difeourfe, 

18.  A Review  of  fome  of  the  principal  Objedlions, 
that  have  been  made  to  the  Dodfrine  of  Fluxions  and 
Ultimate  Proportions,  with  fome  Remarks  on  the  dif- 
ferent Methods,  tliat  have  been  taken  to  obviate 
them. 

19.  A UlfTertation  flievving,  that  the  Account  of 
the  Dodfrines  of  Fluxions  and  of  Prime  and  Ultimate 
Ratios,  delivered  in  Mr.  Robins’s  Difeourfe,  is  agree- 
able to  the  real  Meaning  of  their  great  Inventor. 

20.  A Demonllration  of  the  Eleventli  Propofitlon  of 
Sir  Ifaac  Newton’s  Trcatife  of  Quadratures. 


21.  Remarks  on  Bernoulli’s  Difeourfe  upon  the  { 
Laws  of  the  Communication  of  Motion. 

22.  An  Examination  of  a Note  concerning  the  ; 
Sun’s  Parallax,  publifhed  at  the  end  of  Baxter’s  Ma^  i. 
tho. 

23.  Remarks  on  Euler’s  Treatife  of  Motion  5 Dr, 
Smith’s  Syflem  of  Optics;  and  Dr.  Jurin’s  Eflay  on  . U 
Diltindf  and  Indiftindl  Vifion. 

24.  Appendix  by  the  Publifher. 

It  is  but  juftice  to  fay*  that  Mr.  Robins  'v^’as  one  of  * 
the  moft  accurate  and  elegant  mathematical  writers  that  : 
our  language  can  boaft  of  j and  that  he  made  more  real  1 

improvements  in  Artillery,  the  flight  and  the  refiflance  ^ 

of  projedfiles,  than  all  the  preceding  writers  on  that  i; 
fubjedf.  Flis  New  Principles  of  Gunnery  were  tranf- 
lated  into  feveral  ocher  languages,  and  commented  upon  1 
by  feveral  eminent  writers.  The  celebrated  Euler  tranf* 
lated  the  work  into  the  German  language,  accompa- 
nied with  a large  and  critical  commentary ; and  this  \ 
work  of  Euler’s  was  again  tranflated  into  Englifh  in  i 
1714,  by  Mr.  Hugh  Brown,  with  Notes,  in  one  vo*- 
lume  4to. 

ROBINS,  or  Robyns  (John),  an  Englifli  mathe- 
matician, was  born  in  Staftbrdfhire  about  the  clofe  of  ■ 
the  i’)  th  century,  as  he  was  entered  a Rudent  at  Oxford 
in  1516,  where  he  was  educated  for  the  church.  But 
the  bent  of  his  genius  lay  to  the  fciences,  and  he  foon 
made  fiich  a progrefs,  fays  Wood,  in  “ the  pleafant  ; 
ftudies  of  mathematics  and  aftrology,  that  he  became  ! 
the  ableft  perfon  in  his  time  for  thofe  ftudies,  not  ex-  > 
cepted  his  friend  Record,  whofe  learning  was  more  ^ 
general*  A. t length,  taking  the  degree  of  bachelor  of 
divinity  in  1531,  he  was  the  year  following  made  by- 
king  Henry  the  Vlllth  (to  whom  he  was  chaplain) 
one  of  the  canons  of  his  college  in  Oxon,  and  in  De- 
cember 1543  canon  of  Windfor,  and  in  fine  chaplain 
to  Queen  Mary,  who  had  him  In  great  veneration  for 
his  learning.  Among  feveral  things  that  he  hath 
written  relating  to  aftrology  (or  aftronomy)  I fl»d 
thefe  following  : 

Dc  Culminatlone  Flxarum  Stellariiniy  ^c. 

JJe  Oriii  t'j  Occafu  S tell  arum  Fixarum^  fjV. 

Annotatlones  AJirologica^  IFc.lih,  3. 

Atinotationci  Fdmardo  VF 

Fradalus  de  Prognojiicatione  per  Fclipfin, 

“ All  which  books,  that  are  in  were  fome  time 
in  the  choice  library  of  Mr.  Thomas  Allen  of  Glocef- 
ter  Hall.  After  his  death,  coming  into  the  hands  of  , 
Sir  Kenehn  Digby,  they  were  by  him  given  to  the 
Bodleian  library,  where  they  yet  remain.  It  is  alfo  ^ 
faid,  that  he  the  faid  Robyns  hath  Mu-Itten  a book  intl- 
tled,  De  Porienfrjis  Cometls^  but  fuch  a thing  I have 
not  yet  feen,  nor  do  I know  any  thing  clfe  of  the  au- 
thor, only  that  paying  his  lafl  debt  to  nature  the  25th 
of  Auguft  1358,  he  was  buried  in  the  chappel  of  St. 
George  at  Wind  fore.” 

ROCKET,  i-n  Pyrotcchny,  an  artificial  firework, 
ufually  confifting  of  a cylindrical  cafe  of  paper,  filled  , 
with  a compofition  of  certain  combiiftible  ingredients ; 
which  being  tied  to  a rod,  mounts  Into  the  air  to  a con- 
flderable  height,  and  there  burfts.  Thefe  are  called  | 
M’v  Rockets,  Befide  which,  there  are  others  called 
Water  Rockets^  from  their  abling  in  water. 

The 
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The  compofition  with  which  Rockets  are  filled,  con- 
fiftSi  of  the  three  folk  )wing  ingredients,  viz,  faltpetre, 
charcoal,  and  fulphur,  all  well  ground  ; and  in  the 
fmaller  fizes,  gunpowder  duil  is  alfo  added.  But  the 
proportions  of  all  the  ingredients  vary  with  the  weight 
of  the  Rocket,  as  in  the  following  Table, 

Compofitions  for  Rockets  of  R arlotis  Sizes, 

The  General  Compofition  for  Rockets  is. 
Saltpetre  4 lb. 

Sulphur  I lb. 

Ch  arcoal  i lb. 

But  for  large  Rockets, 

Saltpetre  4 lb. 

Sulphur  I lb. 

Mealpowder  i lb, 

Tor  Rockets  of  a Middle  Size, 

Saltpetre  3 Ib, 

Sulphur  2 lb. 

Mealpowder  i lb. 

Charcoal  i lb. 

When  Rockers  are  intended  to  mount  upwards, 
they  have  a long  flender  rod  fixed  to  the  lower  end,  to 
diredl  their  motion. 

^ Theory  of  the  Flight  of  Rockets, — Mariotte  takes  the 
rife  of  Rockets  to  be  owing  to  the  impulie  or  refillance 
of  the  air  againit  the  flame.  Defaguliers  accounts  for 
It  thus. 

Conceive  the  Rocket  to  have  no  vent  at  the  choke, 
and  to  be  fet  on  fire  in  the  conical  bore  ; the  confe- 
quence  would  be,  either  that  the  Rocket  would  burfi  in 
the  weakefi;  place,  or  that,  if  all  parts  wci'e  equally 
ftrong,  and  able  to  fufiain  the  impulfe  of  the  flame,  the 
Rocket  would  burn  out  immoveable.  Now,  as  the 
force  of  the  flame  is  equable,  fuppofe  its  acfion  down- 
wards, or  that  upwards,  fuflicient  to  lift  40  pounds  ; 
as  thefe  forces  arc  equal,  but  their' direftions  contrary, 
they  will  dellroy  each  other’s  adfion. 

Imagine  then  the  Rocket  opened  at  the  choke  ; by 
this  means  the  adfion  of  the  flame  downwards  is  taken 
away,  and  there  remains  a force  equal  to  40  pounds 
aaing  upwards,  to  carry  up  the  Rocket,  and  the  flick 
or  rod  it  is  tied  to.  Accordingly  we  find  that  if  the 
compofition  of  the  Rocket  be  very  weak,  fo  as  not  to 
give  an  impulfe  greater  than  the  weight  of  the  Rocket 
and  flick,  it  does  not  rife  at  all ; or  if  the  compofition 
be  flow,  fo  that  a fmall  part  of  it  only  kindles  at  firfl, 
the  Rocket  will  not  rife. 

The  flick  lerves  to  keep  it  perpendicular  ; for  if  the 
Rocket  fliould  begin  to  tumble,  moving  round  a point 
in  the  choke,  as  being  the  common  centre  of  gi  »vityof 
Rocket  and  flick,  tljere  would  be  fo  much  triclion 
againfl  the  air,  by  the  flick  between  the  centre  and  the 
point,  and  the  point  would  beat  againfl  the  air  with  fo 
much  velocity,  that  the  readion  of  the  medium  would 
reflore  it  to  its  perpendicularity.  W’^hen  the  compoli- 
tion  is  burnt  out,  and  the  impulfe  upwards  has  ceafed, 
the  common  centre  of  gravity  is  brought  lower  towards 
the  middle  of  tlie  flick  ; hy  which  means  the  velocity  of 
tlie  point  of  the  flick  is  decrcafcd,  and  that  of  the 
VoL,  II. 


point  of  the  Rocket  is  increafed  ; fo  that  the  whole 
will  tumble  down,  with  the  Rocket  end  forernoft. 

All  the  while  the  Rocket  burns,  the  comiTioii  centre 
of  gravity  is  fhifting  and  getting  downwards,  and  flill 
the  fafter  and  the  lower  as  the  flick  is  lighter  ; fo  that  it 
lometiines  begins  to  tumble  before  it  is  quite  burnt  out ; 
but  when  the  flick  is  too  heavy,  the  common  centre  of 
gravity  will  not  get  fo  low,  but  that  the  Rocket  will 
rife  flraight,  though  not  fo  fall. 

From  the  experiments  of  Mr.  Robins,  and  other 
gentlemen,  it  appears  that  the  Rockets  of  2,  3,  or  4 
inches  diameter,  rife  the  highefl  ; and  they  found  them 
rife  to  all  heights  in  the  air,  from  403  to  1254  yards, 
which  is  about  three  quarters  of  a mile.  See  Robins’s 
Trads.vol.  2,  pa.  317,  and  the  Philof.  Tranf.  vol.  46, 
pa.  p8. 

ROD,  or  Poky  is  a long  meafure,  of  i6k  feet,  or 
5I-  yards,  or  the  4th  part  of  ^ Gunter’s  chain,  for  land- 
incaluring. 

ROKMER  (Ola us),  a noted  Danifli  aflronomer 
and  mathematician,  was  born  at  Arhufen  in  Jutland, 
1644  ; and  at  18  years  of  age  was  fent  to  the  univerlity 
of  Copenhagen.  ^ He  applied  afliduoufly  to  the  fludy 
of  the  mathematics  and  aflroifomy,  and  became  fo  ex- 
pert in  thoie  fciences,  that  when  Picard  was  fent  by 
Lewis  the  XIVth  in  1671,  to  make  obfervations  in  the 
north,  he  was  greatly  furprifed  and  pleafed  with  him. 
He  engaged  him  to  return  with  him  to  France,  and  had 
himprefentedto  tlie  king,  who  honoured  him  with  the 
dauphin  as  a pupil  in  mathematics,  and  fettled  a penfioa 
upon  him.  He  was  joined  with  Picard  and  Caflini,  in 
making  aflronomical  obfervations;  and  in  1672  he'wa* 
admitted  a member  of  the  academy  of  fciences. 

During  the  ten  years  he  refided  at  Paris,  he  gained 
great  reputation  by  his  difeoveries  ; yet  it  is  fa  id  he  com- 
plained afterwards,  that  his  coadjutors  ran  away  with 
the  honour  of  many  things  which  belonged  to  him. 
Here  it  vyas  that  Roemer,  firfl  of  any  one,  found  out 
the  velocity  with  which  light  moves,  by  means  of 
the  eclipfes  of  Jupiter’s  fiucllites.  He  had  obferved 
for  many  years  that,  when  Jupiter  was  at  his  greatefl 
diftance  from  the  earth,  where  he  could  be  obferved, 
the  emerfions  of  his  firfl  fatellite  happened  conflantly 
15  or  16  minutes  later  than  the  calculation  gave  them. 
Hence  he  concluded  that  the  light  refltcfled  by  Jupiter 
took  up  this  time  in  running  over  the  excefs  ofdiflance, 
and  confcquently  that  it  took  up  16  or  18  minutes  in 
running  over  the  diameter  of  the  earth’s  orbit,  and  8 or 
9 in  coming  from  the  fun  to  us,  provided  its  velocity  was 
nearly  uniform.  This  difeovery  had  at  firfl  many  op- 
pofers;  but  it  was  aftenvards  confirmed  by  Dr.  Brad- 
ley in  the  mofl  ingenious  and  beautiful  manner. 

In  1681  Roemer  was  recalled  back  to  his  own 
country  by  Ciirillian  the  Vth,king  of  Denmark,  wlio 
made  him  profeflbr  of  aftronomy  at  Copcnliagen.  The 
king  employed  him  alfo  in  reforming  the  coin  and  the 
architeaure,  in  regulating  the  weights  and  meafures, 
and  in  meafiiring  and  laying  out  the  high  roads  throuo-h- 
oiit  tlie  kingdom  ; offices  which  he  difeharged  with  the 
greatefl  credit  and  fatisfaffion.  In  confeqnence  he  wai 
lionoured  by  the  king  with  the  appointment  of  chan- 
cellor of  the  cxchequM-  and  other  dignities.  Finally  lie 
became  counfedor  of  ftate  and  burgoraafler  of  Cop£i>. 
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lia^'cn,  under  Frederic  tlie  TVth,  tbe  fucceFor  oFChrif- 
tian.  Roemer  was  preparing-  to  publilh  the  refult  of 
his  obfervations,  when  he  died  the  19th  of  September 
17  10,  at  66  -years  (^f  age  ; but  this  lofs  was  fiipphed  by 
Horrebow,  his  difciple,  thfen  profeffor  of  agronomy  at 
C''openhagen5  who  piibhfhed^  in  4^0,  175^3?  vaiious 

obiervations  of  Roemer,  with  his  method  of  obferving, 
under  the  title  of  Rojis  - tde  had  aifo 

psinted  various  agronomic al  obfervations  and  pieces, 
in  feveral  volumes  of  the  Memoirs  of  the  Roral  Aca- 
demy of  Sciences  at  Paris,  of  the  inftituticm  of  1666, 
particularly  vol.  I and  10  of  that  colleaion. 

ROHAULT  (James),  a French  phiiofopher,  was 
the  fon  of  a rich  merchant  at  Amiens,  where  he  was 
born  in  1620.  He  cultivated  the  languages  and  belles 
lettres  in  his  own  country,  and  then -was  fent  to  Paris 
to  hudy  philofophy.  Heieems  to  have  been  a great 
lover  of  truth,  at  lead  what  he^  thought  fo,  and  to 
have  fought  it  with  much  impartiality.  He^read  the 
ancient  and  modern  pliilofcphers  j but  -Oes  t^aites  was 
the  author  wdio  moft  engaged  his  notice.  Accordingly 
he  became  a zealous  followmr  of  that  great  rnai),^and 
drew  up  an  abridgment  and  explanation  of  his  philo- 
foohy  with  great  clearnefs  and  method.  In  the  preface 
to' his  Phyfics^  for  fo  his  work  is  called,  he  makes  no 
fcruple  to  fay,  that  “ the  abilities  and  aceomphfhments 
of  this  phiiofopher  miift  oblige  the  whole  world  to  con- 
fefs,  that  France  is  at  lead  as  capable  of  producing  and 
raifino-  men  verfed  in  all  arts  and  branches  of  know- 
ledget  as  ancient  Greece."’  ^ Cierfelier,  vvell  known 
for  his  tranflation  of  many  pieces  of  Des  Cartes,  con- 
ceived fiich  an  affedion  for  Rohaiilt,  on  account  of  his 
attachment  to  this  phiiofopher,  that  he  gave  him  his 
daughter  in  marriage  againfl  all  the  remonftrances  of 
his  family. 

Rohault’s  Phyfics  w^ere  written  in  French,  but  have 
been  tranflated  into  Latin  by  Dr.  Samuel  Clarke, 
with  notes,  in  which  the  Cartefian  errors  are  correded 
upon  the  Newtonian  fyftem.  The  fourth  and  heft  edi- 
tion of  Bohaulfs  Phyftca,  by  Clarke,  is  that  of  17 iB, 
in  8vo.  He  wrote  alfo, 

Elemens  de  Mathematiques^ 

T ratte  de  Mechanlque^  and 
Eniretkns  fur  la  Pkilofopkle. 

But  thefe  dialogues  are  founded  and  carried  on  upon 
the  principles  of  the  Cartefian  philofophy,  which  has 
now  little  othei*  merit,  than  that  of  having  correded 
the  errors  of  the  Ancients.  Rohaiilt  died  in  1675, 
and  left  behind  him  the  charader  of  an  amiable,  as 
well  as  a learned  and  philofophic  man. 

His  pofthumous  works  were  colleded  and  printed  in 
tw'O  neat  little  volumes,  fifft  at  Pans,  and  then  at  the 
Ha^ue  in  1690.  The  contents  of  them  are,  i.  The 
f rf’b  books  of  Euclid.  2.^  Trigonometry.  3.  Prac- 
tical Geometr-v^.  4*  Fortification.  4*  h-Iechanics* 
6.  Perfpedive/ 7.  Spherical  Trigonometry.  8.  Arith- 
HflCtlC* 

ROLLE  (Michel),  a French  mathematician,  was 
horn  at  Ambert,  a fmall  town  in  Auvergne,  the  21ft  of 
April  1652.  His  firft  ftudies  and  employments  were 
under  notaries  and  attftnieys  ; occupations  but  little 
fuited  to  his  genius.  He  went  to  Paris  in  1673,  with 
the  only  refource  of  fine  penmanlhip,  and  fubfifted  by 


giving  lefTons  in  writing.  But  as  his  inclination  for 
the  mathematics  had  drawn  him  to  that  city,  be  at- 
-tended  tlm  inaflers  in  this  fclence,  and  foon  became 
one  hiiTifelf.  Ozanam  propofed  a queftion  in  arithme- 
tic to  him,  to  wdiich  Rolle  gave  fo  clear  and  good  a 
folution,  that  the  rninifter  Colbert  made  him  a hand- 
fome  g;ratu!ty,  wdiich  at  laif  grew  into  a fixed  penfion. 
He  then  abandoned  penraanfliip,  and  gave  hirnfelf  up 
entirely  to  algebra  and  other  branches  of  the  mathema- 
tics. His  conduct  in  life  gained  him  many  friends;  in 
which  Ids  fcientific  merit,  his  peaceable  and  regular  be- 
haviour, with  an  exaft  and  fcrupulous  probity  of  man- 
ners, were  his  only  iolicitors, 

Rolle  w^as  chofen  a member  of  the  Ancient  Academy 
of  Sciences  in  1683,  and  named  fecond  geometrical- 
penfionary  on  its  renewal  in  1699;  which  he  enjoyed 
til]  his  death,  which  happened  the  5th  of  July  1719, 
at  67  years  of  age. 

The  v/orks  publifhed  by  Rolle,  were, 

I.  A Treatife  of  Algebra  ; in  4to,  1690. 

II.  A method  of  refolving  Indeterminate  Queftions 
in  Algebra;  in  1699.  Befides  a great  many  curious 
pieces  inferted  in  the  Memoirs  of  the  Academy  of 
Sciences,  as  follow  ; 

1.  A Rule  for  the  Approximation  of  Irrational 
Cubes:  an.  1666,  vol,  10. 

2.  A Method  ofRefolving  Equations  of  all  Degrees 
which  are  exprefled  in  General  Terms!  an.  1666, 
vol.  10. 

3.  Remarks  upon  Geometric  Lines;  1702  and 
1703, 

4.  On  the  New  Syftem  of  Infinity ; 1 703,  pa; 
312. 

5.  On  the  Inverfe  Method  of  Tangents  : 1705,  pa. 

25,  171,  222.  1 

6.  Method  of  finding  the  Foci  of  Geometric  Lines 
of  all  kinds:  1706,  pa.  284.’ 

7«  On  Curves,  both  Geometrical  and  Mechanical,, 
with  their  Radii  of  Curvature:  1707,  pa,  370. 

8.  On  the  Conftrudllon  of  Equations : I'/cS,  and 

g.  On  the  Extermination  of  the  Unknown  QuantU 
ties  in  the  Geometrical  Analyfis  : 1709,  pa.  419. 

10.  Rules  and  Remarks  for  the  Conftruftion  of 
Equations:  1711,  pa.  86. 

11.  On  the  Application  of  Diophantine  Rules  to 
Geometry:  1712. 

12.  On  a Paradox  in  Geometric  Effedlions:  17137 
pa.  243. 

13.  On  Geometric  Conilru6lIons  : 1713,  pa.  261,^ 
and  1714,  pa,  5. 

ROLLING,  or  Rotation^  m Mechanics,  a kind  of 
circular  motion,  by  which  the  moveable  body  turns 
round  Its  own  axis,  or  centre,  and  continually  applies 
new  parts  of  its  furface  to  the  body  it  moves  upon. 
Such  is  that  of  a wheel,  a fphere,  a garden  roller,  or 
the  like. 

The  motion  of  Rolling  is  oppofed  to  that  of  Biding  ; 
in  which  latter  motion  the  fame  furface  is  continually 
applied  to  the  plane  it  moves  along. 

In  a wheel,  it  is  only  the  circumference  that  pro- 
perly and  fimply  rolls  ; the  reft  of  the  wheel  proceeds 
in  a compound  angular  kind  of  motion,  and  partly 

rolls, 
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ToUs,  partly  Aides.  The  want  af  diAInguIfhing  be- 
tween which  two  motions,  occafioned  the  difficulty  of 
that  celebrated  problem  of  Ariftotle’s  Wheel. 

The  fridfion  of  a body  in  rolling,  is  much  Icfs  than 
the  friction  in  Aiding.  And  hence  ariles  the  great 
ufe  of  wheels,  rolls,  &c,  in  machines  ; as  much  of 
the  adtion  as  poffible  being  laid  upon  k,  to  make 
the  re fi  dance  the  iefs. 

ROMAN  Order ^ in  Archltedfure,  is  the  fame  as 
the  compofite.  It  was  invented  by  the  Romans,  in  the 
time  of  xAuguilus  j and  it  is  made  up  of  the  Ionic  and 
Corinthian  orders,  being  more  ornamental  than  ei- 
ther. 

RONDEI/,  in  Fortification,  a round  tower,  fome* 
times  eredted  at  the  foot  of  a baft  ion. 

ROOD,  a fquare  meafure,  being  a quantity  of  land 
jufi;  equal  to  the  4th  part  of  an  acre,  or  equal  to  40 
perches  or  fquare  poles. 

ROOF,  in  Architedlure,  the  nppermoft;  part  of  a 
building  ; being  that  which  forms  the  covering  of  the 
whole.  In  this  fenfe,  the  Roof  comprifes  the  timber 
work,  together  with  its  furniture,  of  fiate,  or  tile,  or 
lead,  •or  whatever  elle  ferves  for  a covering  : though 
the  carpenters  ufually  rellrain  Roof  to  tiie  timber- 
work  only. 

The  form  of  a Roof  is  various;  viz,  i.  Pointed^ 
when  the  ridge,  or  angle  formed  by  the  two  Tides,  is 
an  acute  angle. — 2.  Square^  when  the  pitch  or  angle  of 

the  ridge  is  a right  angle,  called  the  true  pitch 3. 

Flat  or  pediment  Roof,  being  only  pediment  pitch, 
-or  the  angle  very  obtufe.  There  are  alfo  various  other 
forms,  as  hip  R.oofs,  valley  Roofs,  hopper  Roofs,  dou- 
ble ridges,  platforms,  round.  Sac. — In  the  true  pitch, 
when  the  Tides  form  a fquare  or  right  angle,  the  girt 
over  both  Tides  of  the  Roof,  is  accounted  equal  to  the 
breadth  of  the  building  and  the  half  of  the  fame, 

ROOKF  (Lawrence),  an  Englifh  aftronomer  and 
geometrician,  was  born  at  Deptford  in  Kent,  1623, 
and  educated  at  Eton  fchool.  From  hence  he  re- 
moved to  King’s  College,  Cambridge,  in  1639. 
ter  taking  the  degree  of  mafter  of  arts  in  1647,  he  re- 
tired into  the  country.  But  in  the  year  16 30  he  went 
to^  Oxford,  and  fettled  in  Wadham  College,  that  he 
might  have  the  company  of,  and  receive  improvement 
from  Dr.  Wilkins,  and  Mr.  Seth  Ward  the  Afironomy 
IVofcubr  ; and  that  he  might  alfo  accompany  Mr.  Boyle 
in  his  chemical  operations. 

After  the  death  of  Mr.  Fofter,  he  was  chofen  Aftro- 
nomy  Profefibr  in  Grefiiam  College,  London,  in  the 
year  16^2.  He  made  fome  obfervations  upon  the 
comet  at  Oxford,  which  appeared  in  the  month  of  De- 
cember that  year  ; which  were  printed  by  Mr.  Seth 
Ward  the  year  following.  And,  in  1655,  Dr.  Wallis 
publifii.’ng  his  treatife  on  Conic  Sedions,  he  dedicated 
that  work  to  thofetwo  gentlemen. 

In.1637,  Mr.  Rooke  was  permitted  toexchano-e  the 
aftronomy  profefibrfhip  for  that  of  geometry.  ^ This 
ftep  might  feem  ftrange,  as  aftronomy  ftill  continued  to 
be  his  favourite  ftudy  ; but  it  was  thought  to  have 
been  from  the  convenience  of  the  lodgings,  which  open- 
ed behind  the  reading  hal),  and  therefore  were  proper 
ior  the  reception  of  tliofe  gentlemen  after  the  lec- 
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tures,  who  in  the  year  i66'0  formed  the  Royal  Society 
there. 

Mr.  Rooke  having  thus  fuccefiively  enjoyed  thofe 
two  i^laces  fome  years  befoie  the  reftoration  in  16 ^8, 
moft  of  thofe  gentlemen  who  had  been  accuftomedto 
afiemble  with  him  at  Oxford,  coming  to  London,  joined 
with  other  philofophical  gentlemen,  and  ufually  met  at 
Grefiiam  College  to  hear  Mr.  Rooke’s  ledlurcs,  and  af- 
terwards withdrew'  into  his  apartment ; till  their  meet- 
ings were  interrupted  by  the  quartering  of  foldiers  in 
the  college  that  year.  And  after  the  Royal  Society 
came  to  be  formed  and  fettled  into  a regular  body,  Mr. 
Rooke  was  very  ztalous  and  ferviceable  in  proniotiivy 
that  great  and  uleful  inllitutiou  ; though  lie  did  not 
live  nil  it  received  its  cliablilhmeiU  by  thcRoyal  charter. 

A he  Marquis  ol  Dorchefter,  who  was  not  only  a. 
patron  of  learning,  but  learned  himfelf,  ufed  to  enter*- 
tain  Mr.  Rooke  at  his  leat  at  Higfigate  after  the  refto- 
ration, and  bring  him  every  Wednefday  iu  his  coach  to 
the  Royal  Society,  which  then  met  on  that  dav  of  the 
week  at  Grefiiam  College.  But  the  laft  time  Mr. 
Rooke  was  at  Highgace,  lie  walked  from  tlience  ; and 
it  being  in  the  funimer,  he  overheated  himfelf,  and 
taking  cold  after  it,  he  was  throwm  into  a fever,  which 
coll  him  his  life.  He  died  at  his  apartments  at 
Grefiiam  College  the  27th  of  June  1662,  in  the  40th 
year  of  his  age. 

One  other  very  unfortunate  circumftance  attended 
his  deatli,  winch  was,  that  it  happened  the  very'  nio-ht 
that  he  had  for  fome  years  expeded  to  fiiiifii  his  accu- 
rate obfervations  on  the  fatellites  of  Jupiter.  When 
he  found  his  illiiefs  prevented  him  from  making  that 
obfervation.  Dr.  Pope  fays,  he  fent  to  the  Society  his 
reqiiefi,  that  fome  other  perfon,  properly  qualified, 
might  be  appointed  for  that  piirpofe  ; fo  intent  was 
he  to  the  laft  on  making  thofe  curious  and  ufeful  difeo- 
verics,  in  which  he  liad  been  fo  long  engaged. 

Mr.  Rooke  made  a nuncupatory  will,  leaving  what 
he  had  to  Dr.  Ward,  then  lately  made  bifiiop  of  Exe- 
ter: whom  he  permitted  to  receive  what  was  due  upon 
bond,  if  the  debtors  offered  payment  willingly,  other- 
wife  he  would  not  have  the  bonds  put  In  fuit";  “ for, 
faid  he,  as  I never  was  in  law,  nor  liad  any  contention 
witii  any  man,  in  my'  life-time ; neither  would  I be  fo 
after  my  death. 

Few  perfons  have  left  behind  them  a more  agreeable 
characlerthan  Mr.  Rooke,  from  every  perfon  that  was 
acquainted  with  him,  or  with  his  qualifications  ; and 
in  nothing  more  than  for  his  veracity  : for  what  lie  af- 
ferted  pofitively,  might  be  fully  relied  on  : but  if  his 
opinion  was  affied  concerning  any  thing  that  was  du-' 
bioLis,  his  iifual  anfwer  was,  “ I have  no  opinion.’* 
Mr.  Hook  has  given  this  copious,  though  concife  cha- 
radler  of  him  ; “ I never  was  acquainted  with  any  per* 
Ton  who  knev/  more,  and  fpoke  lefs,  being  indeed  emi- 
nent for  the  knowledge  and  improvement  of  aftrono- 
my.” Dr.  Wren  and  Dr.  Seth  W'ard  deferibe  him,  as 
a man  of  profound  judgment,  a vaft  comprehenfioii,- 
prodigious  memory,  and  folid  experience.'  His  fkill 
in  the  mathematics  was  reverenced  by  all  the  lovers  of 
thofe  ftudles,  and  his  perfedlion  In  many  otlier  forts  of 
learning  deferves  no  Iefs  admiration  ; but  above  all,  as 
another  writer  charadciizes  him,  hk  extenfive  know- 
3 ledge 
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]rdg>  had  a right  influence  on  tlie  temper  of  his  mind, 
which  !iad  all  the  humility,  goodnefs,  calmnefs, 
firtrigth,  and  fincen’lv,  of  a found  and  unarfedfcd  ])hi- 
lofopher.  , ,Thefe  accounts  give  us  his  pldlure  only  in 
luiniatnre  ; but  his  fucceffor,  Dr.  Haac  Barrov^^  has 

chavs  nit  in  full  proportion,  in  his  oration  at  Grefiiam 
College  ; which  is  too  long  to  be  Infeited  in  this  place. 
Pfis  writings  were  chiefly  ; 

1.  Obfcr^cal'iom  on  the  Comci  of  pec.  1652.  Inis 
was  printed  by  Dr.  Seth  Ward,  in  his  Ledlines  on 

Comets,  ^^53*  , j tp  /j  f Th’~  f} 

2.  Dh-cFuor.s  for  Seamen  goivg  to  the  Lajt  and  H ijt 

Indies.  Publlflied  in  the  Phiiofophical  Tranfaaions 

for  Tan.  1665.  ^ . 7.^ 

p J Method  of  Ohftrvhig  the  Eclffes  of  the  Moon  Or. 

In'tlic  Philof.  Tranf.  for  Feb.  1666.. 

4 J Difcovrfe  concerning  the  Obfervations  of  the  K- 

clltjes  of  the  SateUUes  of  Jupiter.  In  the  Hiflory  of  the 

Koyal  Society,  pa.  183.  , • 7 n-i  • 

c.  An  Account  of  an  Experiment  made  <ivith  Uil  m a 

hnglcle.  Read  to  the  Royal  Soc.  April  23,  ]662.--— 
pf  this  experiment  it  was  found,  that  the  oil  funk 
when  the  fun  flione  out,  and  rofe  when  he  was  clouded  ; 
the  proportions  of  which  are  fet  down  in  the  ac- 

coimt.  . , 1 , 

ROOT,  In  Arithmetic  and  Algebra,  denotes  a 

c^uantlty  which  being  multiplied  by  itlelf  produces  fome 
higher  power;  or  a quantity  confidered  as  the  Rafis  or 
foundation  of  a higher  power,  out  of  which  this  anfes 
and  grows,  like  as  a plant  from  its  Root. 

In  the  involution  of  powers,  from  a given  Root,  the 
Root  is  alfo  called  the  firft  power;  when  this  is  once 
innltiplied  by  itfelf,  It  produces  the  fquare  or  fecond 
power  ; this  multiplied  by  the  Root  again,  makes  the 
cube  or  3d  power  ; and  fo  on.  A.nd  hence  the  Roots 
alfo  come  to  be  denominated  the  fquare-Root,  or 
Cube-Root,  or  2d  Root,  or  3^  Root,  &c,  accord- 
ing as  the  given  powder  or  quantity  is  confidered  as 
the  fquare,  or  cube,  or  2d  power,  or  3^  power,  &c. 
Thus,  2 is  the  fquare-Pvoot  or  2d  Pvoot  of  4,  and  the 
cube- Root  or  3^  Root  of  8,  and  the  4th  Root  of  16, 

£cc.  ^ . 

Hence,  the  fquare-Root  is  the  mean  proportional 

between  i and  the  fquare  or  given  power  ; and  the 
cube- Root  is  the  firft- of  two  mean  proportionals  be- 
tween 1 and  the  given  cube  ; and  fo  on. 

Eo  ExtraSl  the  Root  of  a given  number  or  power. 
This  i$  the  fame  thing  as  to  find  a number  or  quantity, 
which  being  multiplied  the  proper  number  of  times, 
W'ill  produce  the  given  number  or  powder.  So,  to  find 
the  cube  Root  of '8,  is  finding  the  number  2,  which 
multiplied  twice  by  Itfelf  produces  the  given  num- 

ber  8.  . t r 

For  the  ufual  methods  of  extrafting  the  Roots  ot 

Humbers,  fee  the  common  treatifes  on  Aiitbmetic. 

A Root,  of  any  powder,  that  confifts  of  two  parts,  is 
called  a binomial  Root ; as  12  or  10  + 2.  If  it  con- 
fjft  of  three  parts,  it  is  a trinomial  Root;  as  126  or 

IOC  -f  20  -b  6.  Andfo  on. 

The  cxtraaion  of  the  Roots  of  algebraic  quantities, 
is  alfo  performed  after  the  fame  manner  as  that  of  num- 
bers ; as  may  be  feen  in  any  treatife  on  algebra#  See 
alfo  the  article  Extraction  of  Roots. 


A general  method  for  all  Pvoots,  is  alfo  by  New. 
ton’s  binomial  theorem.  See  Binomial  Theorem. 

Finite  approximating  rules  for  the  extrabfion  of 
Roots  have  alfo  been  given  by  feveral  authors,  as  Raph- 
foil,  De  Lagney,  FI  alley,  dec.  See  the  articles  Ap^' 
PKoxiMATic'N  and  Extraction.  See  alio  Newton  s 
Univerfal  Arith.  the  Appendix  ; Piiilof.  Tranf.  numb. 
210,  or  Abridg.  vol.  i,  pa.  81  ; Maclaurin  s Alg. 
pa.  242  ; Simplon’s  Alg-  pa.  j or  his^  Efla'ys,  pa. 
82,  or  his  Differtaiions,  pa.  I02,  or  his  Select  Exerc, 
pa.  213  ; where  vario-us  general  theorems  for  approxi- 
mating*- to  the  Iboots  of  pure  powers  are  given.  See 
alfo  Equation  and  Reduction  of  Equations,  Ap- 
pp-oxi MATiON,  and  Converging. 

But  the  m(;It  commodious  and  general  rule  of  any, 
for  fuch  approximations,  1 believe,  is  that  wEIch  has 
been  invented  by  myfelf,  and  explained  in  my  T.ra6fSj 
vol.  I,  pa.  49  : which  theorem  is  this  ; 

L — L — —a  — a/N.  J-hat  is,  having  to 

n — 1 . N -b  « -R  I * ^ 

extrabl  the  nth  Root  of  the  given  number  N ; take 
the  neareft  rational  pow'er  to  that  given  quantity  N, 
■w'liether  greater  or  lets,  Its  Root  of  the  fame  kind  being 
a ; then  the  required  Root,  or  .^N,  w'ill  be  as  is  ex- 
prefied  in  this  formula  above  ; or  the  fame  expreffed  in 
a proportion  will  be  thus  ; 

ji  — i.N  Rw  R X.  o/^  iwR  I.NRw  — 1.  d^  ii  at  i N 
the  Root  fought  very  nearly.  Vv  hich  rule  Includes  all  the 
particular  rational  formulas  of  De  Lagney,  and  Halley, 
wEIcli  were  feparately  inveftigated  by  them  ; and  yet 
this  general  formula  is  peifebfly  fimple  and  eafy  to  ap- 
ply, and  more  eafily  kept  in  mind  than  any  one  of  the 
laid  particular  formulas. 

Ex.  Suppofe  it  be  required  to  double  the  cube,  or 
to  extrabt  the  cube  Root  of  the  number  2, 

Blere  N — 2,  « ==  3,  the  neareft  Root  a =2  i,  al- 
fo — i ; hence,  for  the  cube  Root  the  formula  be- 

4N  R 2a^  2N  R a' 
comes  ^ or 


«=  3/'N. 


2N  R 40.^  N R 2a^ 

But  N R 2a^  = 4,  and  2N  R ^2^  “ 5 ; therefore 

as  4 : 5 : : i : - = 1*25  = the  Root  nearly  by  a firft 
4^ 

approximation. 

Ao-ain,  for  a fecond  approximation,  take  , 

4r 

1 12  c 

and  confequently  ^3  = ; 


hence  2N  R <2^  — 4 R 


^25 

64 


and  N R 2^3  = 2 


R -- — _ 

64 


281 

64’ 

373 

64  ’ 


therefore  as  378  : 381,  eras  126  : 127  — 


5 . ^35^  „ 

4 ’ 504 

I *259921  &c,  for  the  required  cube  Root  of  2,  which 
is  true  even  in  the  lull  place  of  decimals. 

Root  of  an  Equation,  denotes  the  value  of  the  iin- 
knowTx  quantity  in  an  equation;  wEich  is  fuch  a 

quantity, 
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qiinntltr,  a?  being'  fiiMlrtuted  indeed  of  that  unknown 
letter,  into  the  equation,  lhall  make  all  the  terms  to^ 
vaniihV  0‘  both  Odes  equal  to  each  other.  Tims,  of 
the  equation  3a’  5 rz;  14,  the  Root  or  value  of  .v  is  3, 

becauie  fubllituting  3 for  m,  makes  it  become  9 T 5 z= 
14.  And  the  Root  of  the  equation  =:  32  is  4, 
b^aufe  2 X q’’  - 32.  Alio  the  Root  of  the  equa- 
tion X — 

For  the  Nature  of  Roots,  and  for  extraaing  the  fe- 
veral  Roots  of  equation‘s,  fee  Equation. 

Flvery  equation  has  as  many  Roots,  or  values  of  the 
unknown  quantity,  as  are  the  ditnenfions  or  higheil 
power  in  it.  As  a fimple  equation  one  Root,  a quadra- 
tic  two,  a cubic  three,  and  fo  on. 

Roots  are  poiitive  or  negative,  real  or  Imaginary,  ra- 
tional or  radical,  &c.  See  Equation. 

Cubic  Root.  This  is  threefold,  even  fora  fimple 
cubic.  So  the  cube  Root  of  is  either 


r/,  or 


— I -R  a/  ~ 3 


a.  or 


-'I  - 


2 2 
And  even  the  cube  Root  of  i itfelf  is  either 
- I T v/-  3 - I - 3 


or 


or 


Real  and  Ima^^inar'y  Roots.  The  odd  Roots,  as  the 
3d,  5th,  7th,  dfc  Roots,  of  all  real  quantities,  whe- 
tlier  pofitive  or  negative,  are  real,  and  are  refpedtively 
polkive  or  negative.  So  the  cube  Root  of  a'^  is  and 
of  — ^3^  is  — a. 

But  the  even  Roots,  as  the  2d,  4th,  6th,  dec,  arc 
only  real  when  the  quantity  is  poftive  ; being  imagi- 
naiy  or  impolTible  when  the  quantity  is  negative.  So 
the  fquare  Root  of  a“  is  <3,  which  is  real  ; but  the 
fquare  Root  of  - that  is,  — cdy  is  imaginary 
or  impofible  ; becaufe  there  is  no  quantity,  neither 
q-  a nor  — fl,  which  by  fquarlng  wiU  make  tlie  giveu. 
negative  fquare  — aT 


Table  of  Roots,  &c. 


THE  following  Table  of  Roots,  Squares,  and 
Cubes,  is  very  ufeful  in  m.any  calculations,  and  will 
ferve  to  find  fquare- Roots  and  cube  Roots,  as  well  as 
fquare  and  cubic  power?.  The  Table  confifts  of  three 
columns:  in  the  firf  column  are  the  feries  of  common 
numbers,  or  Roots,  i,  2,  3,  4, 
fecond  column  are  the  fquares,  and  in  the  third  co- 
lumn the  cubes  of  the  fame.  For  example,  to  fnd 
the  fquare  or  the  cube  of  the  number  or  Root  49* 
Finding  this  number  49  firlf  column  ^ upon 

the  fame  line  with  it,  ilands  its  fquare  240 1 
fecond  column,  and  its  cube  117649  in  the  third 
column. 

Again,  to  find  the  fquare  Root  of  the  number 
7CO.  Near  the  beginning  of  the  Table,  it  appears 
that  the  next  lefs  and  greater  tabular  fquares  are  676 
and  729,  whofe  Roots  are  26  and  27,  and  therefore 
the  fquare  Root  of  700  is  between  26  and  27.  But 
a little  furiher  on,  viz,  among  the  hundreds,  it  ap- 
pears that  the  required  Root  lies  between  26*4  and 
26*5,  the  tabular  fquares  of  thefe  being  696*96  and 
702*25,  cutting  off  the  proper  part  of  the  figures  for 


decimals.  Take  the  difference  between  the  lefs  fquare-" 
696*96  and  the  given  number  700,  wliich  gives  3*045.- 
and  divide  the  half  of  it,  viz  1*52,  by  the  lefs  given 
tabular  Root,  viz  26*4,  and  the  quotient  575  gives  as- 
many  more  figures  of  the  Root,  to  be  joined  to  the 
firfl  three,  and  thus  making  the  Root  equal  to 
26*4575,  which  is  true  in  all  its  places. 

Alfo  to  find  the  cube  Root  of  tire  number  7000  ; 
near  the  beginning  of  tlie  Table,  among  the  tens, 
it  appears  that  the  cube  Root  of  this  number  is  be- 
tween 19  and  20;  but  farther  on,  among  the  hun- 
dreds, it  appears  that  it  lies  between  19*1  and  19*2^ 
allowing  for  the  proper  number  of  integers.  But  if 
more  figures  are  required  ; from  the  given  number 
7000  take  the  next  lefs  tabular  one,  or  the  cube 
of  19*1,  viz  6967871,  and  there  remains  32 '1295- 
the  3d  part  of  which,  or  10*730,  divide  by  the 
fquare  of  19*1,  viz  364*81,  found  on  the  fame  line, 
and  the  quotient  293  is  the  next  three  figures  of  the 
Root,  and  therefore  the  whole  cubic  Root  is  19-*  I2935»  ■ 
which  is  true  in  all  its  figures.— The  Table  follows. 


Table 
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Table  oj  Square  and  Cubic  Roox^. 


Root. 

Square 

Cube. 

Root. 

Square. 

Cube. 

Root. 

1 Square. 

C ube  . 

Rooc. 

Square. 

Cube. 

I 

I 

I 

64 

4096 

262 ] 44 

127 

16129 

2048383 

1 90 

36100 

6859000 

2 

4 

8 

65 

4225 

27462  5 

128 

16384 

2097152 

I 91 

36481 

6967871 

3 

9 

27 

66 

4356 

2874.96 

129 

1 66/}.  1 

2 1466(89 

’192 

736864 

7077888 

4 

16 

64 

67 

4489 

300763 

130 

1 6900 

2 197000 

‘93 

37429 

71890^7 

9 

124 

68 

4624 

3M43  2 

13^- 

17161 

2248091 

194 

37636 

7301384 

6 

36 

216 

69 

476! 

328509 

132 

17424 

2299968 

195 

38025 

7414875 

7 

49 

343 

70 

4900 

343C00 

133 

17689 

2352637 

1 96 

38416 

7529536 

8 

64 

512 

71 

5041 

357911 

I 2A 

17956 

2406104 

197 

38809 

76+5373 

9 

81 

729 

72 

5^84 

373248 

135 

1 18225 

2460375 

198 

?02  0A 

7762392 

10 

100 

1000 

73 

5329 

38901 7 

136 

■849- 

2515456 

199 

39601 

788615,99 

1 1 

1 2 1 

1331 

74 

5476 

405224 

137 

1 18769 

257*353 

200 

40000 

Sooocoo 

1 2 

144 

1728 

75 

5625 

421875 

138 

19044 

2628072 

201 

40401 

8120601, 

13 

169 

2 197 

76 

57/6 

438976 

139 

*19321 

2685619 

202 

40804 

00 

0 

'll' 

GC 

- 14 

196 

2744 

77 

5929 

456533 

140 

1 9600 

2 744000 

203 

41209 

8365427: 

225 

337  5 

78 

6084 

474-552 

141 

19881 

2803221 

20A 

1 

41616 

8489664 

i6 

256 

4096 

79 

6241 

493039 

142 

20164 

2873288 

205 

42025 

8615  125 

17 

289 

4913 

80 

6400 

5 12 coo 

143 

20449 

2924207 

206 

42436 

8741816 

18 

324 

5832 

81 

6561 

53^44 1 

'44 

20736 

29859*5+ 

207 

42849 

8869743 

19 

361 

6859 

82 

6724 

S5'368  i 

H5 

21025 

3048625 1 

208 

43264 

899891 2 

20 

400 

8coo 

. 6889 

571787  ; 

146 

21316 

31121361 

209 

43681 

9123329! 

2l 

441 

9261 

84 

7056 

592704  1 

147 

2 1 609 

3176523 

2 lO 

44100 

9261000 

22 

484 

10648 

- 85 

7225 

614125 

148 

21904 

3241792 

2 S I 

445  2 1 

9393931 

23 

529 

12167 

86 

7396 

636056 

149 

22201 

3307949 

2 12 

44944 

9528128 

24 

576 

13824 

87 

7569 

658503 

150 

22500 

3375000 

213 

+5369 

9663597 

25 

625 

1 5625 

88 

7744 

681472 

151 

22801 

3442951 

2 14 

45796 

9800344 

26 

676 

17576 

89 

7921 

704969 

152 

23104 

35  I 1808 

215 

46225 

993^375 

27 

729 

19683 

90 

8100 

729000 

153 

^ 34*^9 

3581577 

216 

46656 

10077696 

28 

784 

21972 

91 

828 1 

753571 

154 

23716 

3652264 

217 

47089 

102(8313 

29 

841 

24389 

92 

8464 

778688 

155 

24025 

3723^75 

218 

47524 

10360282 

30 

900 

27000 

93 

8649 

804357 

156 

24336 

3796416 

2 19 

47961 

10505459 

31 

961 

29791 

94 

8836 

830584 

157 

24649 

3869893 

220 

48400 

10648000 

32 

1024 

32768 

95 

9025 

857375 

158 

24964 

39^14312 

22  1 

48841 

10793861 

33 

1089 

35937 

96 

9216 

884736 

a59 

25281 

4019679 

222 

49284 

10941048 . 

34 

IJ56 

39304 

97 

9409 

912673 

160 

2 560G 

4096000 

223 

49729 

1 1089567 

35 

122^' 

42875 

98 

9604 

941 192 

161 

25921 

4173281 

224 

50176 

1 1 239424 

3^ 

1296 

46656 

99 

9801 

970299 

162 

26244 

4251528 

225 

50625 

1 1 390625 

32 

1369 

506C3 

100 

10000 

ICOOOCO 

163 

26569 

4330747 

226 

51076 

11543176 

3^ 

1444 

54872 

lor 

10201 

1030301 

1 64 

26896 

4410944 

227 

51529 

1 1 697083 

39 

1521 

59319 

102 

10404 

1061 208 

165 

27225 

4492125 

228 

51984 

11852352 

40 

1600 

64000 

103 

10609 

1092727 

166 

275  .:6 

4574296 

229 

52441 

1200898.9 

41 

168 1 

6892 1 

104 

108  !6 

1 124864 

167 

27889 

4657463 

230 

52900 

12167000 

42 

1764 

74088 

105 

1 1025 

1157625 

1 168 

28224 

4741632 

231 

53366 

12326391 

43 

1 849 

79507 

106 

11236 

1 1910)6 

169 

28561 

4826809 

232 

53^24 

12487168 

44 

1936 

85184 

107 

1 1449 

1225043 

i 170 

2 8900 

4913000 

233 

54289 

12649337 

45 

202. 3 

91125 

ic8 

j 1664 

1259712 

171 

29241 

500  32  I 1 

234 

54756 

1281 2904 

46 

2 1 16 

97336 

109 

i 1 88 1 

I 295029 

1 172 

29584 

5088-148 

235 

5.5225 

12957875 

47 

2209 

103823 

I iO 

1 2 100 

133  1 000 

i 173 

29929 

5177717 

236 

55696 

13141250 

43 

2304 

t 10592 

1 1 1 

1232  I 

1367631 

: 174 

30276 

5268024 

237 

56169 

133120^3 

49 

240 1 

117649 

1 12 

12544 

1404928 

175 

30625 

53S9375 

238 

56644 

1 3481272 

90 

2300 

1 25000 

113 

12769 

144.2897 

176 

30976 

5451776 

239 

57121 

I365!9r9 

5^ 

60 1 

132651 

I lA 

1 

1 2996 

1481 544 

177 

3^329 

5545233 

240 

57600 

1 382.4000 

52 

2704 

i 2:}-06oo 

115 

13225 

1 5208  ^ 5 

1x8 

1 

3 1684 

5639752 

241 

58081- 

13997521 

53 

2809 

1 48877 

II6 

13456 

1 5 60S 96 

179 

32041 

^T35.'39 

:42 

58564 

14172488 

54 

29 1 6 

1^7464 

II7 

13689 

1601613 

180 

3240c 

5832000 

243 

59049 

14348907 

5 5 

3025 

166375 

i 18 

1643032 

181 

33761 

5929741 

244 

59536 

14526784 

56 

3136 

175016 

1 19 

14561 

1685159 

182 

33 '24 

6028568 

245 

60025 

14706125 

57 

3249 

185193 

1 20 

1 4400 

1728000 

183 

33+89 

6128.^87 

246 

60516 

14886936 

33^+ 

195 112 

12  I 

1 4641 

1771561 

184 

33856 

6229504 

247 

61009 

1 5069223 

V9 

3481 

^05379 

122 

; 4884 

1 815848 

185 

34225 

6331625 

248 

61504 

15252992 

60 

3600 

2 i6;000 

123 

15129 

I S60867 

j86 

34596 

6 }348'r6 

249 

6200 1 

15438249 

61 

3721 

22698 I 

124 

15376 

1906624 

187' 

34969 

6539203 

250 

62500 

15625000 

62 

3844 

^38328 

125 

15625 

1953125 

188 

35344 

664467  2 

.251 

63001 

1581 3251  j 

63 

39^9 

250047 

I 26 

15876 

20003  76 

189 

35721 

675 1 269 

252 

635°+ 

1600300S I 
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Table  of  Square  and  Cubic  Roots. 


Rpot. 

Square. 

Cube. 

loot. 

[ Square. 

Cube. 

jrRQot 

Square. 

1 ‘ . Cube.’ 

c 

t.  Square 

Cube. 

253 

6400Q 

i6i94?77 

3 [6 

1 99856 

31554496 

3 '9 

*43*^4 

i.5443993: 

} I442 

195364 

1 86350888 

254 

64516 

16387064 

317 

1 00489 

3*85)013 

3B0 

I4q40c 

54872,-0- 

•7+43 

19624c 

) 86938307 

255 

6.5025 

16581375 

,318 

I I'O  I I 2 J 

.3  2^*' 5 7 43  2 

381 

1 4 5 1'6 1 

!•  5 5 306341 

'444 

'97'3^ 

) 8:^528384 

256 

<55536 

[6777216 

3'9 

101761 

3^461759 

38.2 

145925 

1:5574296" 

1445 

198025 

88121 125 

257 

66049 

16974593 

520 

! 1024C0 

3 27680, :o 

. 1 Q 0 

146689 '56 18 ! 88; 

(446  1 1 9891c 

887 16536 

258 

66564 

1717.3S12 

321 

103041 

33076161 

384 

147456 

) 662 3 104 

1447 

199869 

89314623 

259 

67081 

17373979 

322 

103684 

33386248 

3‘i3 

148225' 57066625 

1 ++'‘^ 

200704 

89915392 

260 

6r6oo 

17576000 

323 

104329 

33698267 

386 

14S996 

157512456 

449 

201601 

905 18849 

261 

68 ! 2 1 

[7779581 

324 

;o4976 

34012224 

387 

149769 

157960603 

450 

202500 

91  I25COO 

262 

68644 

1 7984728 

325 

105625 

.54328125 

3S8 

150544 

5841 1072 

451 

203401 

91733851 

263 

69  169 

18191447 

5.26 

106276 

34645976 

389 

151321 

58863869 

452 

204304 

92345408 

26^ 

\ 

69696 

18390744 

327 

106929 

340f'5783 

390 

1 5 2 1 00 

59319000 

453 

205209 

929S9677 

265 

7022  s 

1 8609625 

328 

1075S4 

25287552 

591 

152881 

597-6471 

1454 

2061 16 

93576664 

26(9 

70756 

18821 oqC 

329 

108341 

3561  1289 

392 

153664 

60236288 

'455 

20702  5 

94196375 

267 

71289 

19034163 

330 

108900 

35937000 

i393 

154449 

60698457 

456 

207936 

94818816 

268 

71824 

19248S32 

331 

109561 

36264691 

,394 

155236 

61 162984 

457 

208849 

95443993 

269 

72361 

i 9465  1 09 

332 

1 10224 

36594368 

!o9  5 

I 56025 

6162987  5 

458 

2-9764 

9607 1912 

270 

72900 

1 9683000 

333 

r 10889 

36926037 

1396 

156816 

620991 36 

459 

21068 1 

96702579 

271 

7344' 

1990251 I 

334 

111556 

372S97C’4 

1397 

i 57609 

62570773 

460 

2 1 1 600 

97336000 

-j 

~ / ^ 

739R4 

20 123648 

33  5 

1 122:5 

37595373 

1.98 

158  [O^ 

63044792 

q6  I 

2 1 2 52  I 

979:2181 

273 

74529 

20346417 

336 

1 12896 

37933-56 

399 

1 5920 1 

63521199 

462 

213444 

986 11128 

274 

75076 

20570824 

^37 

*13569! 

3^272753 

400 

160000 

64020000 

463 

214369 

99252847 

275 

75625 

20796875 

338 

114244 

386144-2 

40 1 

1 6080 1 

6448 1201 

464 

215296 

99897344 

2q6 

76176 

2 1024576 

339 

1 1492  I 

38958219 

402 

161604 

64964808 

465 

216225 

100544625 

277 

76729 

21253933 

340 

I 15600 

39304000 

403 

162409 

65450827 

466 

2 1 7 156 

io J 194696 

278 

77284 

21484952 

341 

116281 

3965 1 82 I 

404 

1632  16 

65939264 

467 

2 18089 

101847563 

279 

77841 

21717639 

342 

1 16964 

40001688 

405 

164025 

66430125 

1468 

219024 

102  503232 

280 

78400 

2 1952000 

343 

117649 

40353607 1 

406 

164836 

66923416 

469 

219961 

103161709 

281 

78961 

22188041 

344 

118336 

30707584! 

407 

165649 

67419*43 

470 

220900 

103823C00. 

282 

79524 

22425768 

345 

1 1 90  2 5 

4106^^625  j 

408 

166464 

67911312 

471 

221841 

104487  1 1 1 

283 

80089 

226651 87 

346 

1 1 97 1 6 

41421736 

409 

167281 

68417929 

472 

222784 

105154048 

284 

80636 

22906304 

347 

120409 

417819231 

410 

168 100 

68921000 

473 

223729 

105823817 

285 

81225 

23149125 

348 

1 2 1 104 

42144192 

411 

16892 1 

69426531 

474 

224676 

106496424 

286 

81796 

23393656 

349 

1 21801 

4250S549 

4*2 

169744 

69934528 

475 

22  5625 

10-171875 

287 

82369 

236399^31 

350 

1 2 2500 

42875OCO 

413 

170569 

70444997 

476 

226576 

107850176 

288 

82944 

23887872 

351 

123201 

43243551 

414 

171396 

709579+4 

227529 

'C8531333 

289 

83521 

24137569 

352 

123904 

43614:08  1 

415 

172225 

71473375 

478 1 

228484. 

109215352 

290 

84100 

2 1.389000 

353 

124609 

459869771 

+16 

1 73056 

74991296 

479  1 

229441 

109902239 

291 

8468 1 

2464217 I 

354 

125316 

44361864 1 

4*7 

173889 

72511713 

480 

230400 

1 10592000 

292 

85264 

24897088 

3 55 

126025 

44738875; 

418 

174724 

73034632 

481 

231361 

1 1 1284641 

293 

85849 

27153757 

356 

126736 

45 I 180 16 

419 

175561 

73560059 

482 ! 

232324 

1 1 1980168 

-94 

86436 

25412184 

357 

127449 

43499293 

420 

1 76400! 74088000 

483 

233289 

1 12678587 

295 

87025' 

25672375 

358 

128164 

458827  r2 

1421 

1772411 

746J 1 846 1 

484 

234256 

113379904 

296 

87616 

25934336 

359 

12888 1 

46263279 

422 

1780841 

75151448 

485 

235225 

1 14084125 

297 

88209 

26198073 

360 

1 29600 

4.6656000  1 

423 

178929 

7 56869O7 

486 

2 36196 

114791256 

298 

88804 

26463592^ 

361 

1 3032 1 

47045881 1 

424 

179776 

7622  5024 

787 

237169 

1 15  501303 

299 

894-^  J 

26730899 

362 

'311^44 

+74379:0! 

4=5 

180625 

76765625 

+88  1 

238144 

1 162)4272 

300 

90000 

27000000 

363 

131769 

47832147 

426 

181476 

77308776 

4891 

239121 

1 16930169 

301 

90601 

27270901 

3<’4 

[32496 

48228544 

>27 

182329 

77^544^^ 

490, 

240100 

1 1 7649000 

302 

9.204 

27543608 

365 

'33225 

48627  1 25 

428 

183184 

78402752 

491  ' 

241081 

1 18370771 

303 

9 1 809 

278 18127 

366 

133956 

490 2 7 896 

429 

184041 

789335^91 

492 

242064 

1 19095488 

304 

92416 

28094464 

367 

134689) 

49130863  I 

430 

1 84900 

79507000 

493  ! 

243049 

1198231 57 

305 

93025 

2837262  5 

363 

*35424) 

49836032 

431 

185761 

8006299 1 j 

494! 

244036 

120553784 

306 

93636. 

28652616 

3*^9 

1 36161 

5024 240Q 

432 

1 86624 

8062 1 56S 1 

495 

245025 

121287375 

307 

94249 

28934443 

370 

136900 

50653000 

]+33 

187489 

81182737 

496 

2460 1 6 

1 2 2023936 

308 

94864 

29218112; 

371 

137641 

5 10648  r 1 

i434 

18H356 

817+6504 

49" 

247009 ! 

122763473 

309 

95481 

29503629! 

372 

138384 

00 

■4“ 

00 

00 

j — 

►—I 

6435 

189225 

82312875 i 

498 

24B004 

123505992 

310 

96100 

297910001 

373 

139129 

51895117 

1436 

190096 

8288 18  56 

499 

249001 

124251499 

311 

9672 1 

30080231 

374] 

139876 

52313624 

437 

190969 

83453453 

500 

250000 

1 2 5000000 

312 

97344 

30371328 

375 

1 4.062  5 

52734375 

438 

191844 

84027672 

501 

251001 

125751501 

313 

97969 

30664297 

376 

141376 

53157376 

439 

192721 

846045 19 

502 

252004 

I 26506008 

314 

98596 

30959144 

377 

142 1 29 

53582633 

440 

1 93600 

85 184000 

503 

253009 

127263527 

_3«5 

99225 

3*255875 

378 

142884 

54010 I 52 

14* 

194481 

8576612 1 

504 

2 5 3to  1 6 

1 28024064 
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Uoof. ! 

Square, 

Ciibe. 

Root.] 

Square. 

Cube. 

Root. 

Square. 

Cube. 

iRoot.i 

. i 

2^! 

Cube. 

505 

2 55025 

12878762  5 

568  , 

522624 

185250432 

63  1 

398161 

251239591 

694 

481636 

334255.3  «4 

506 

256036 

1-295  54216 

569 

323761 

184220009 

632 

3994H 

252435968 

695  . 

483025 

335702375 

1S07 

257049 

'3^323843 

570  , 

324900 

185193000 

633 

400689 

253636137 

696 

484416 

337153536 

1508 

258064 

I 3109651 2 

571 

326041 

18616941 ! 

634 

401956 

254840104 

697 

485809 

3386088^; 

i S09 

259081 

131872229 

572 

327184 

187 149248 

fi’35 

403225 

256047875 

698 

487204 

340068492 

i 510 

260100 

132651000 

573 

328329 

188132517 

636 

404496 

257259456 

699 

488601 

341532099 

!5" 

261121 

>33432831 

5'74 

329476 

1891  19224, 

637 

405769 

258474853 

I700 

490000 

343OOOOOO 

I 1 *.c 

262144 

134217728 

^75 

33062  5 

I9OIO9375 

638 

407044 

259694072 

701 

491401 

344472101 

jSi'S 

263169 

I35C05697 

>76 

33>776 

I9I 102976 

639 

40832 1 

2609171 19 

702 

492804 

345948008 

Uh 

264196 

i 35796744 

577 

332929 

192100033 

640 

409600 

262 144000 

703 

494209 

347428927 

1 5 1 5 i 

265225 

136590875 

578 

334084 

I93IOO552 

641 

41088 1 

263374721 

704 

495616 

348914664 

IS‘6  i 

266256 

137388096 

579 

335041 

194104539 

642 

412164 

164609288 

705 

497025 1 

350402625 

267289 

138188413 

580 

336400 

1951 I20C0 

643 

413449 

265847707 

706 

498436 

351895816 

I5I8 

268324 

138991832 

581 

83756! 

106122941 

644 

4'473l> 

26^089984 

707 

499849 

353393^43 

\s<9 

269361 

139798359 

582 

33^724 

197137368 

645 

4*6025 

268336125 

708 

501264 

354894912 

520 

270400 

140608000 

5S3 

339889 

198 15  5287 

646 

417316 

269586 1 36 

709 

50268 1 

356400829 

521 

271441 

141420761 

584 

341056 

1991 76704 

647 

41S&O9 

2708.40023 

7 10 

504100 

357911000 

r 0 -7 
• > ^ 

272484 

142236648 

585 

342225 

200201625 

648 

419904 

272097792 

711 

505521 

359425431 

15.23 

2-3529 

143055667 

586 

343396 

201230056 

649 

42I2OI 

273359449 

7 12 

506944 

360944128 

524 

274576 

143877^24 

5S7 

344569 

202262003 i 

650 

422500 

274625000 

t7i-3 

508369 

362467097 

i525 

275625 

144703125 

588 

345744 

203297472 

651 

423801 

275S94451 

714 

509796 

363994344 

5 26 

276676 

i4553>S76 

589 

346921 

204336469 

652 

425/04 

277 167808 

7^5 

5II225 

365525875 

^27 

277729 

146363183 

590 

348100 

205379COO 

653 

426409 

^78445°77 

716 

5 12656 

367061696 

,528 

278784 

1471979^2 

591 

349281 

20642507  I 

654 

427716 

279726264 

717 

514089 

368601813 

529 

279841 

J48035889 

592 

3 50464 

207474688 

655 

429025 

2810.1 1 375 

718 

515524 

370746232 

jS3o 

280900 

1 48877OCO 

593 

351649 

208527857 

656 

43<=>33^ 

282300416 

719 

5 16961 

37:694959 

531 

281961 

149721291 

594 

35-836 

209584584 

657 

431649 

28359,5393 

720 

518400 

3732480C0 

S32 

285024 

1 50568768 

595 

354025 

210644875 

658 

432964 

284890312 

721 

519841 

374805361 

533 

28-^089 

JSHI9437 

596 

355216 

2 1 1708736 

659 

434281 

286191179 

722 

521284 

376367048 

' 534 

285156 

152273304 

597 

356409 

212776173 

66c 

435600 

287496000 

723 

522729 

377933067 

1535 

286225 

153130375  ■ 

598 

357604 

.213847192 

661 

436921 

288804781 

724 

524176 

3795034241 

53<5 

287296 

153990656 

599 

3 5 880 1 

2 1492 1799 

662 

438244 

2901 17528 

525625 

38 1078125 

537 

288369 

154854153 

6c  0 

1 ^ 

360CC0 

2 16000000 

663 

4$95^9 

^9  ^434'^47 

726 

527076 

382657176 

538 

289544 

15  5720872 

601 

,361201 

2 I70S180I 

!664 

440896 

292754944 

727 

528529 

384240583: 

539 

29052 1 

15699081-9  , 

|602 

36-2404 

218167208 

665 

,442225 

294079625 

728 

529984 

383828342 , 

540 

291 ( CO 

157464OC0 

603 

363609 

2 1 C)256227 

,666 

44,35.76 

295408296 

,729 

53144J 

3874204S9 

541 

29268 1 

158340421 

604 

564816 

220348864 

! 667 

444889 

296740963 

730 

532900 

389017000 

542 

293764 

I 5922C088 

605 

366025 

221445125 

,6681 446224 

29S077632 1 

731 

534361 

390617891 

543 

294849 

160103007 

6c6 

367236 

222545016 

’6(9144756] 

2994183091 

73^ 

535S24 

3921223 160 

544 

29593^^ 

160989184 

607 

368449 

223648543 

670 

1 448 9 Co 

300763000 1 

733 

537289 

393832837 

1 545 

297025 

161878625 

6c8 

36,9664 

224755712 

67 1 

I45024I 

302111711! 

|734 

53^75^ 

39^446904 

546 

2c8  1 16 

y 

162771336 

609 

370881 

225866529 

672!  45 1584 

303464448 

1735 

540225 

397065375 

547 

299209 

163667323 

610 

3721C0 

2 2698  I COO 

673 

452929 

304821217 

736 

541696 

398688256 

• 548 

300304 

164566592 

611 

373301 

228099  I 1 

1674  454276 

306182024 

737 

543169 

+':o3>5553 

. 549 

3OI40I 

165469149 

612 

374544 

229220928 

675 

I455625 

1307546875 

738 

544644 

101947272 

550 

3025CO 

1 6637 5CC0 

613 

3757^9 

2303^6397 

.656 

j 436976 

|3oS9I5  7-:6 

i739 

5461 2 1 

403583419 

551 

303601 

16728415 1 

61 4 

376996 

23M75544 

6 -.7 

14^8329 

310288733 

740 

547600 

40522*4000 

' 552 

3<^47C4 

168196608 

615 

358225 

232608375 

I65S 

459684 

311665752 

741 

54908 1 

406869O2 I 

553 

305809 

1697 12377 

616 

37943 

233744896 

1679 

461041 

3 1 3046839 1 

1 742 

550564 

408518488 

b"54 

306916 

1 70031464 

617 

380685 

234885113 

: 1 6SC 

462400 

3144320C01 

1743 

552049 I410172407 

5 55 

308025 

i7‘:953^7J 

618 

38192. 

236029032 

'681 

1463761 

31 5821241 1 

1744 

5535.3^:411830784. 

r rA 
•) 

3C9i3t 

171879616 

619 

383161 

237176659 

:682 

:465I24 

317214568 

745 

5 5 5^25 

413493625 

■ 557 

310249 

172808693 

620 

38440c 

238328000 

; 68 3 1 466489 

31861 1987 

746 

556516 

1415160936 

558 

3113^4 

I7374IJI2 

62 1 

585641 

239483061 

' 1 684  467856 

3200 1 3 504 1 

747 

558000,416832723 

559 

312481 

174676879 

622 

38688^ 

240641848 

1 6S5' 467225 

321419U51 

748 

559504 

418  508992 

^60 

3I36CC 

175616000 

623 

38B I 2C 

241804367 

1 686 

470596 

322828856 ! 

749 

561CO1 1420189749 

■ 561 

31472^ 

; 76558481 

624 

3^937^ 

242970624 

687 

1471969 

13-82427031 

750 

562500'42i87  5000 

562 

315*^4-; 

177504328 

625 

390(  2 !■ 

244140625 

68^ 

^'473344 

1325660672 

731 

5 6400 1 

'423^64751 

563 

31696c 

/ 178453547 

626 

391856 

M5314.376 

;68c 

5+74721 

1327082769 

752 

565 504  42 32 ^9008 

564 

3i8o9( 

) 179406144 

627 

393 ‘2c 

246491883 

69c 

3'  476100 

!3  28  70QO00 

753 

567009 1426957777. 

565 

319221 

; 180362125 

62  8 

39438-^ 

247673152 

'69 

1477481 

529939371 

/ 54 

568516 

1428661064 

566 

32035^ 

) 181321496 

629 

39564] 

248858189 

169: 

1. 478864 

331373888 

755 

570025 

1430368875 

567 

32148c 

182284263 

63c 

3969CC 

2 50047000 

; 69. 

? ' 480249 

'3^2812557 

7s6 

571 536  '42208  [ 216J 
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Root 


757 

758 

759 

760 

761 

762 


Square 


T able  of  Square  and  Cubic  Roots. 


763 

764 

765 


573049 

574S<^4 

57608  I 


Cube 


433798093 

4355 1 95 '2 

^ ,437245479 

577600  43897600 

579^21 

58064 

s-82 


4407  1 1081 
. 442450726 

169I  4441949,17 

5^3696  445943744 

447697129 

766  586756  449455096 

767  I 588289  4512  1 7663 
5898241 452984832 
5913^1  454756609 
5929C0I 456533CGO 

594441 1 458314011 
595984  46009964S 


Root)  S(|uare  ( Cube 


820 


768 

769 

770 

771 

772 

773 

774 

775 

776 


821 

822 

823 

824 
82  ; 


672400 

674041 

675684 

6773=9 
6';8976 
68062 c 


I Root 

j y Q 


551368000 
553385661 
555412248 
557441767 
559476224 
,^5615 15625 

82616822761 563559976^  . 

827  1,683920  565609283  ii  8qo 

8.8  |6S;584  [367664  jr' 

8291 6S724I  569722789 
571787000 


Square 


Cube 


597529 
599076 
600625 
602  I 76 
777I603729 
778 ; 605284 


830 1 688900 

83 1 * 690561 ! 573856191 
832I692224I57593036S 
,S33j693S89 1578009537 
,'^341695556:580093704 
. ! 855  ; 697225  I 5S2 182875 

4618899 1 7 836  ) 69S896 ! 584277056 


891 

892 


779689  688465387 
781456  690807104 
7832251693154125 
784996 ; 695  506456 
697864103 
700227072 
702595369 
704969000 

707347971 

709732288 
7 1 2 J 2 195*? 


i 884 

,885 

,886 

887  7S6769 

888  788544 

889  790321 
792 100 
79388 1 
795664 


Root  I Squarf 


1893  797449,. 

894  799236  714516984 
.895  801025,716917375 


946 

947 

948 

949 

950 

951 

952 

953 

954 

955 


Cube 


_ lo j 846590536 
896809!  849378123 
8987041  851971392 


900601 
902500 
90440 J 
906304 


854670349 

857375000 

8600853  5 I 
862801408 


463684S24 

465484375 

467288576 

469097433 


,8371700569 
1838 170224 


586376253 

588480472 


896 

897 

898 
899: 
900 


802816 
804609 
806404 
808201 
8 10000 


f 901 j 81 1 801 
902 i 813604 


^39: 70392 J \59^^^97^9 
840-705600  592704000 
la  an  • 147091095211841  I 707281  594823321 
1 -^7  472 7=9 1,19 1;  54= 1 708964  596947688 1905-81902, 

. 80  I 608400 1 474552000  r 843  f 71064,9  599077107  I 906  ! 820836 
781 16099611456379541  1:844.712336  60x211584!  9071822649 
-8^  1o'^>!7U02  5 603351 125 1; 908  824464 

;546l7i57i6  6oS49S75^\\909hz62S- 

784!  014656:  4818903041  8471715409*^---^  - - ■ 

7 8 5 ^ 6 1 6 2 2 5 4 8 3 7 3 6 1)  2 5 8 4 8 1 7 1 9 1 o 4 
786 •617796, 4^55^7656;  849 '720801 


719323136 

721734273 

724150792 
726572699 
7290C0000  j 
731432701 


957 

958 

939 

960 

961 

962 

963 

964 


9101  It) 
912025 


936  913956 


90S 2 09 1 B65523157 
868250664 
870983875 
873722816 

876.467493 
879217912 
881974079 
8847  36000 
887503681 
890277128 


915849 
917764 
919681 
921600 
923521 
925444 
927369 


7338708081  965 


1903-815429  736314327  j 966 


1904:8172161738763264] 
741217625' 


743677416! 
746142 


^00  * 9^93^9: 4S7443403 I B50; 722500 1614125000 
^^^944i  4'89303872  , 85  i 1724201  616295051 
789:6225211491 169069;,  852  725904  618470208 


■22500  j 6 141 25000  ij  9 1 3 


607645423  ,''910, '828100 
609800192  i!  9 r I '829921 
611960049  ‘I  912  I 831/44 


967 

968 

969 


90 ! 6241001  493°39‘^oo  I 853  ! 727609 
/9 ( 162568  r I 49491367 1 I 854 : 7293 16 
792 , 6272641 496593088 ! 855  j 731025 

793  I 628849;  498675257  |j  856  ! 7 32736 

794  630436;  500566184118571734449 
632023  ; 502459875  |i  858  i 736 164 

6336161  50435»336;:859l73788j 
635209!  506261573  ^|85o 
636804] 508169592  . 861 
6384011 5 10082399 
5 1 2000000 
5 13922401 
515849608 


8335691761048497 

6 7635519. 


^93^56347 

929296  895841344 

931225 
933556 

935089 
937024 
938961 


898632125 
901428696 
904231063 
907039232 
9098  53209 


620650477 

622835864 

625026375 


916' 839056 
917  I 840839 
918! 842724 


795 

796 

797 

798 

799 

800 

801 


640CO0 
641601 
802 ! 643  204 


803  644809I 5 1778 1627 

804  646416! 519718464 

805:648025 1521660 [25 


806 

807 

808 

809 

810 

811 

8 1 2 

813 

814 

815 

816 
8.7 

818 

8 19 


649636 

651249 

652864 

654481 

656100 

657721 

<^59344 

660969 

662596 

664225 

665856 

667489 

669124 

670761 


523606616  ' 

5-5557943' 

527514112, 

529475129 

531441000 

533411731 

537387328 

537366797 

539353144 

541343375 

543338496 

545338513 

547343432 

549353259 


862 

,863 

864 

865 

866 

867 

868 

869 

870 


739600 

7413-1 

743044 
744769 
746496 
748225 


773620632 


627222016!  9191844561  776151559! 

62OJ.2  2'7Q2  1 020  8 


629422793,19 
631628712  921 

633839779,  922 

636056000 -923 
638277381  I 924 
640503928  925 


846400 

84824  I 

84 


850 


85  1929 


1926,857476 


642737647  _ _ ^ 

6449725441  927  I 859329 

647214625  ]j928j  861 184 
7499561 64946 1 896  1 929  86304 - 
751689,651714:63 
653972032 


871 


/5516I 
756900 
758641 

872 

873 

874 

875  I 765625 
8761767376 

769 1 29 
770884 
772641 


60384 


76.2'^/ 


877 

878 

879 

880 

881 

882 


753424, 

656234909 
658503000 
6607763 1 1 
^ 663054848 
762129 1 665338617 
876  1 667627624 
66992 1875 
67222  1 376 
674526133 
6768361 52 
679151439 
774400 i 681472000 
776161 1683797841 
777924 ' 686 1 28968 


778688000 
781229961 

783'i75448 
, 786330467 
^53/7^  j 788889024 
?55^25 I791453125 
794022776 
796597983 

799^7^752 
801765089 


I ^ / 

806954491 

809557568 


930 1 864900 
93 1 j S66761 

93  2 I 868624 
933 ; 8704891 812166237 
9341 8723561 814780504 
f935 I S74225 IS17400375 
1936  j 876096  ; 820025856 
|937 : 877969  I 822656953 
938  I 879844  j 825293672 
j 939 1 88 1 72 1 827936019 
9401 8836001830584000 
941  I 885481  I 833237621 


942 

i9f3 

944 


887364 

889249 

891136 


835896888 

838561807 

841232384 


945. 89502, -'84,:j9o862^- 


■VoL.  II. 


3i  91^ 

) 94090c 

) 912673000 

>1  971 

942841 

9154986/ i 

97^ 

- 9447  S2. 

91833CO48 

’ll  973 

94672c 

921167317 

974 

94867^ 

924010424 

H!  975 

. 950625 

926859,575 

'!;  97^ 

9)257^ 

929714  I 76 

J!  97^ 

954529 

932574833 

1;  97S 

956484 

935441352 

! 979 

958441 

93^3^3739 

! 980 

960400 

941 192001 

1 981 

96-236 1 

944076/41 

982 

964324 

946966168 

983 

966289 

940862087 

984 

968256 

952763904 

985 

970225 

95  5^7^625 

986 

972196 

9,-85S,-2>-6 

987 

974169 

961504 803 

9S8 

976144 

964430272 

i 989 

978121 

967; 61669 

: 990 

980100 

97O299OCO 

991 

98208 1 

9712\22'^1 

992 

984064 

976191488 

993 

986049 

9:9146657  ‘ 

994 

988036 

982107784 

995 

990025 

985074875 

996 

992016 

988047936 

997 

9940C9 

991026973 

998 

996004 

99401 1992 

999 

993001 

997002999 

lOOO 

lOOOCOO 

lOOOOOCOOO 

1001 

1002001 

1 003003001 

1002 

IC04C04 

1006012008 

ICO3 

1006009 

1009027027 

1004 

1008016 

1012048064 

I CO  5 

1 0IC02 : 

lOI 507  5125 

ioo6 

1012036 

10181082 1 6 

1007 

IOI4O4C 

/02  I i 4734:3; 

1008 

1016064 

[ 02.4192512 

3E 
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The  foUowlnir  is  another  Table  of  the  Square  Roots  of  the  hril  looo  Numbers  to 
places  of  decimal  figures  befide  the  integers,  which  needs  no  farther  explanation,  as 
Numbers  Hand  always  iu  the  firil  column,  and  their  Square  Roots  in  the  next. 


7' able  of  Square  Roots  to  ten  Decimal  Places. 


No.- 

Square  Root. 

No. 

Square  Root, 

No. 

Square  Root. 

No. 

1 

1‘OOOOCOOOOO 

64 

8-0000000000 

127 

1 1 *2694276696 

igo 

2 

1*4142135624 

65 

8*0622577483 

128 

11-3137084990 

191 

3 

1*7320508076 

66 

8-1240384046 

129 

1 1*3578166916 

192 

4 

2*0000000000 

67 

8-1853527719 

130 

1 1-4017542510 

’93 

5 

2-236067977C; 

68 

8*2462  I 12  5 I 2 

11*4455231423 

194 

6 

2-4494897428 

69 

8*30662  38629 

132 

11-4891252931 

’95 

/ 

2-6457513111 

7^ 

8-3666002653 

133 

11-5325625947 

196 

8 

2*828427 1 247 

I 

8-4261497732 

’34 

1 1 *5758369028 

’97 

9 

3*0000000000  j 

72 

8*4852813742 

^35 

11*6189500386^ 

1 98 

10 

3*  1622776602 

73 

8-5440037453 

136 

I 1*66  19037897 ' 

199 

1 1 

3*3 ] 66247904 

74 

8-6023252670 

’.37 

11*7046999111 

200 

1 2 

3*46410161 51 

75 

8-6602540378 

138 

”’7473443808 

201 

R3 

3-6055512755 

76 

8*7177978871 

’39 

I 1*7898261 226 

202 

H 

3-74.16  573868 

77 

8-7749643874 

140 

1 1*8321595662 

203 

15 

3-8729833462 

78 

8*83 17608663 

141 

11-8743420870 

204 

16 

4'o'aoooooooo 

79 

88881944173 

142 

I 1*9163752878 

205 

17 

4*1231056256 

8o' 

8-9442719100 

143 

11*9582607431 

206 

1 8 

4*242640687 1 

8I 

9’OOOCOOOOOO 

144 

12*0000000000 

207 

19 

4*3588989435 

82 

9'o55385>38> 

145 

12*0415945700 

208 

20 

4-4721359550 

83 

9*1^^4335791 

146 

12*0830459730 

209 

21 

4-5825756950 

84 

9*1651513899 

147 

12-1243556530 

2 10 

22 

4*69041 57 59« 

85 

.9*2195444573 

148 

1 2*165  5250606 

2 I I 

23 

4-7958315233 

86 

9*2736184955 

149 

12*2065556  1 53 

2 12 

24 

4*8989794856 

87 

9'3273'9053i 

T50 

12*2474487139 

213 

25 

5*0000000000 

88 

9*3808315196 

151 

12-2882057274 

214 

26 

5*0990195136 

89 

9*4339811321 

>5*2 

12-3288280059 

215 

27 

5*1961524227 

go 

9-4868329805 

’53 

12*3693168769 

2 1 6 

28 

5*291502622 1 

91 

9-J39392°'42 

154 

12-4096736460 

217 

. 29 

5*385 1648071 

92 

9-5916630466 

’55 

12*4498995980 

218 

30 

5*477225S75' 

93 

q. 6436507610 

156 

12*4899959968 

219 

31 

5*5677643628 

94 

9-6953597148 

’57 

12*5299640861 

2 20 

32 

5*6568542495 

95 

9 7467943448 

158 

I 2*5698050900 

221 

33 

5*744:5626465 

96 

9-7979589711 

159 

12*6095202 129 

222 

34 

5-8309518948 

97 

9-8488578018 

160 

I 2*6491 106407 

223 

35 

5-9i6o79783I 

98 

9-8994949366 

161 

12*6885775404. 

224 

36 

6*0000000000 

99 

q'94987437ii 

162 

12*7279220614 

225 

37 

6-0827625  503 

100 

i 0*0000000000 

163 

12-7671453348 

226 

38 

6-1644140030 

101 

10-0498756211 

164 

12-8062484749 

1227 

39 

6-2449979984 

102 

10-0995049384 

165 

12-84523257B7 

228 

40 

6*3245553203 

103 

10*1488915651 

166 

12-8840987267 

229 

' 41 

6-4031242374 

104 

10*1980390272 

167 

12-9228479833 

230 

42 

6-4807406984 

105 

10*2469507660 

168 

12-9614813968 

231 

43 

6*5574385243 

106 

10*2956301410 

169 

I3.OOOOOCOOOO 

232 

44 

6-6332495807 

j 07 

10*3440804328 

170 

13-0384048104 

233 

A C 

6*7082039325 

108 

10.3923048454 

171 

13-0766968306 

2S4 

1'  46 

6*782320^83 1 

109 

[0.4403065089 

172 

13-1  148770486 

235 

■ 4" 

6*85  56546004 

1 10 

10*48808848 17 

173 

I 3*1529464380 

236 

i 48 

6 Q282032303 

1 1 1 

?o-535'^537S29 

’74 

13-1909059583 

237 

49 

7-0000000000 

1 1 2 

10*5830052443 

’75 

13.2287565553 

238 

’ 50 

7*07 106781 19 

113 

10-6301458127 

' ’76 

13.2664991614 

239 

51 

7-1414284285 

1 14 

10-6770782520 

177 

i3‘304’346957 

240 

5^ 

7*2 1 1 T025509 

115 

10*7238052948 

: .78 

13*3416640641 

241 

53 

7*2801098893 

1 16 

10-7703296143 

,179 

13-3790881603 

242 

54 

7*3484692283 

117 

10*8 166538264 

[ 80 

’ 1 3.4 164078650 

243 

55 

7-4161984871 

r 18 

10*862  78049 1 2 

181 

13.4536240471 

244 

^ 56 

119 

10*908712 1 146 

182 

’3*4907375632 

245 

57 

7';4Q8334353 

120 

10*95445 11501 

183 

',3'52774.925^5 

246 

58 

7-6157731059 

121 

[1*0000000000 

184 

13*5646599663 

247 

^ 59 

7.681 1457479 

I 22 

1 1*0453610172 

18; 

13.6014705087 

248 

60 

7*7459666924 

123 

1 1*09053.65064 

186 

I3.6381S1697O 

249 

61 

7-8102496759 

124 

11-1355287257 

187 

i3*67479433’2 

25c 

: 62 

7-8740078740 

1 25 

11-1803398875 

1S8 

13*71 1309200S 

251 

Square  Root. 


13- 784048/52  I 
I 3*82027496  I I 
13*8564064606 

13-8924439894 

13-9283882772 

13- 9643400438 
14*0000000000 
1 4*0356688441 

14- 0712472795 
14*1067359797 
I4-I42I35.6237 

14-1774468788 
14*2 1 26704036 
14*2478068488 

14-2828568571 
14*3178210633 

1 4-*  35  2 7000944 

14*3874945699 

14*422205 1019 
14-4568322948 
14*401 3767462 
14-5258390463 
. 14*5602197786 

14*594^95193 

14*6287388383 
14-6628782986 
14*6969384567 
14*7309 19H627 
14-7648230602 
14-7986485869 
14*8323969742 
14-8660687473 
14*8996644258 

14- 933*^4523^ 

14*9666295471 
1 5*0000000000 
15.0332963784 

i5*o665!9i733 

15*0996688705 

15*1327459504 

1 5*165750888 1 
1 5*1986841 536 
15*2315462117 

15*2643375225 

15- 2970585408 
1 5*3297097 168 
15*3622914957 

15-3948043183 
1 5*4272486209 
15*4596248337 

i5'49i9333^48 
1 5*5241746963 
15*5563491861 

15-5884572681 
15*62049935 18 

15-6524758425 
1 5*6843871414 
15-7162336455 
1 5*74801 57480 

13*7797338381 

15-8113883008 

15-8429795^78 


R O O 


C 395  1 
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No. 

253 

254 
25s 

256 

257 

258 

259 

260 

z6i 

262 

263 

264 
26; 

266 

267 
16S 
!69 
ijo 

271 

272 

273 

74 

277 

276 

277 
I278 

279 

280 

28 1 

282 

283 

284 

285 
2B6 

287 

288 

289 

290 

291 

292 

293 

294. 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

3 ^ ^ 

312 

313 

3^4 


Square  Root. 


^5’90597372o6 

‘5*9373774507 

i5’9687 194227 
16*0000000000 

i6-03i2I974I9 
i6‘o623784042 
16*0934769394 
i6*i 243154966 
16*1554944214 
i6'i 864140562 
i6’2 172747402 
16*2480768092 
16*2788205961 
16-3095054503 
16-3401346384 
16-37070^5437 
16*4012 194669 
16*4316767252 
16-4620776332 
1 6*4924225025 
16*5227 1 16419 

'^^*5529453560 

16*58312395 18 

16*6132477258 

16*6433169771 

16*6733320005 

16*7032930885 

16*7332005307 

16*7630546142 

16*7928556237 

16-82260^84 1 3 

16*8522995464 

16- 8819430161 
16*9115345253 
16.9410743461 
16*9705627485 

I 7*0000000000 

17*0293863659 
17*0587221092 
1 7.0880074906 
17*1 172427686 
17*1464281995 

17- J7556.40373 

17*2046505341 
17-2336879396 
i 7*2626765016 
17*29 16164658 
17*3205080757 
'7'34935  ‘ 5729 
i7-378‘47‘969 

17*406895 1855 

‘7*435S9S7742 
1 7-4642491966 
17*4928556845 
17  5214154679 
>7*5499287748 
17*5783958312 
17*6068  i 68617 
17*6351920885 
17*6635217327 
17*691 80601 30 

i7*'720O45I467 

17-7482393493 


No. 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

i33‘ 

'332 

■333 

i334 

•335 

133^ 

337 

1338 

339 

340 

, 

1342 

1343 
!344 

1345 

346 

'347 

348 

349 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

360 

361 

362 

363 

3^4 

365 

366 

367 

368 

3^9 
37^ 
37‘ 

372 

373 

374 

375 

376 

377 

378 


Table  of  Square  Roots. 
Square  Root. 


17*7763888346 
I 7*8044938148 

‘7*83255450^' 

17- 86057  10995 
f 7*8885438200 
1 7*9 164728672 

'7‘9443  584449 

17*9722007556 

I 8*0000000000 

18*0277563773 

18- 0554700853 
i8*oB  3 1413200 
1 8*1 107702763 
18*1383571472 
18*1659021246 
18-1934053987 
18-2208671583 
18*2482875909 
18*2756668825 
18*3030052177 
18-3303027798 

‘8*3575597507 

1 8*3847763  ICQ 

18*4119526395 
18*4390889146 
18*4661853  126 
18-4932420089 

,iS-520359I775 

18-5472369910 
18-5741756210 
18-6010752377 
18-6279360102 
18-6547581062 
18*681 5416923 
18-7082869339 

‘8*7349939952 
10-7616630393 
18-7882942281 
18-8148877222 
18-84144368  14 
1 8*867962  2641 
‘8*8944436277 
18-9208879284 

i8-94729532I5( 

18- 9736659610 
19*0000000000 i 

19- 02629759041 
19-05255888331 

19*0787840283  I 
19*10497317451 
19*1311264697  I 
19-1572440607 i 
19*1833260933 i 
19-2093727123 
19*2353840617 
19*2613602843  j 
19*287  301 5220 i 
19*3132079158' 

‘9‘3390S375  i4 
19*36491673 10 
19*3907194297 
19*4164878389 
19  4422220952 


No.  Square  R.oot. 


379 

3S0 

581 

382 

383 

384 

38) 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 

398 

399 

400 

401 

402 


19*467922333911442 
19*4935886896 11443 

■'444 


19*5 1922 12959 
‘9*5448202857 
19*5703857908 


‘9*5959‘7942.7 

19*62 141 68703 

19*6468827044 1 
‘9'^;23‘55729, 
19-69771560361 
19*72 30829231 1 452 


44  ^ 

446 

447 

448 

449 

450 

45  ‘ 


Square  Root. 


19-748417658  I 
19*7737199333' 
19-7989898732 1 
19*8242  276016  I 

‘9  S4943324‘3| 
19*8746069 144 
19*8997487421 
19*9248588452 

‘9‘9499373433 

19*9749843554 

20*0000000000 
20*0249843945 
. ,2004993765581 

403  20*0748598999 
^04  20*0997512422 
405 ! 20*12461 17975 


406 

407 

408 

409 

410 

411 

412 

4‘3 

414 

4‘5 

416 

4‘7 

418 

419 

420 

42 1 

422 

423 

424 

425 

426 

427 

428 

429 

430 

-I3‘ 

432 

433 

434 

43  s 
43^' 
437 
43^ 

439 

440 

441 


20*1494416796 : 

20*1  74241001  8 I 
20*1990098767  I 
20*2237484162  I, 
20*2484567313  I 473 


20-273134932 


^ ' 

I 


20*297783 1302 
20*3224014329 , 
20*3469^994941 
20-3715487875 
20*5960780544 
20-4205778567 
20  4450483003 
20-4694894905 ‘ 
20-4939015319 
20-5 1828452B7 
20*542638  5842 
20*566963801 2 
20-5912602820 
2 0-6  155281281 
20-6397674406 
20-6639783  1 98' 
20’68S  1 608656 
20*7  1 23 1 5 1772 
20-7364413533 
20-7605394920 
20*7846096908 
20-8086520467 
20-8326666560 
20*8566536 Iq6 
20*8806  1 3C178 
20-9045449604 
20-9284495365 
20-9523268398 


20*9761769634  I 503 


21-0000000000 


2 1*0237960416 
2 1*0475651798 
21*0713075057 
2 1*095023 1097 
2 1*1  187120819 

21*1423745119 
2 1*1660104885 
2 1-1  896201004 
2 I '2  1320343  56 
21*23676058  16 
2 1 .26029 162  55 

453  21*2837966538 

454  21*307275-527 

455  “‘•3307290077. 

456  21-3541565041 

457  21*3775583264 

458  21*400934^590 

459  21*4242852856 

460  21*4476105895 

461  21*4709105536 

462  21*4941852579 

463  21*5174347914 

464  21*5406^92285 

465  21*5638586528 

466  21*5870331449 

467  2 1 -6101827850 

468  21-6333076528 

469  21  6564078277 

470  21*6794833887 

471  21-7025344142 
472121-7255609824 

21-7485631709 
21*7715410571 

21-7944947177 
21-8174242293 
2 1 *8403296678 
21-86321 1 109} 

2 1*8860686282 
2 1 *9089023002 
21-9317/21995 

21- 9544984024 
2 1 *9772609758 

22- OOOOOCOOOO 
22-022715545^ 
22*0454076850 
22-0680764907 
22.0907220344 

--•J 13344387? 

22-1385198062 
22*18 10730128 

22-2036033 1 I 2 

22-2261107709 

22'24859546i  3 
22-2710574313 
22-2934968096 
22-3159136044! 
22-3383079039 
22.36067977  50 
22*3830292856^ 
22-4053565024: 
22-4276614920 
2 2 -4499441.2061 


474 

475 

476 

477 

478 

479 

480 

481 

482 

4^.3 

484 

,485 

486 


'48^ 

■4.88 

489 

1490 

49' 

149“ 

:493 

i494 

'495 

1496 

: 497 

1498 

'499 

^500 

,50. 

502 


504, 


R O O 
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able  of  Square  Roots. 


No. 


505 

506 

507 

508 

509 

510 

511 

512 

5^3 

514 

515 

516 

517 

518. 

5^9 

520 

521 

522 

723 

524 

525 

526 

527 

528 

529 

530 

531 

532 

533 

534 

535 

536 

537 

538 

539 

540 

54^ 

542 

543 

544 

545 

546 

547 

5.48 

549 

550 

551 

552 

553 

554 

555 

556 

,557 

558 

559 

560 

561 

562 

5^^3 
564 

5^5 
566 
467 


Square  Root,  No. 

_ 


Square  Root. 


22*4722050542 

22-49+4437584-  569 

2.2*5166604934  570 

22-538?55339i  57‘ 
.22*5610283454  572 
22*5831795813  573 
22*6053091109  574 
22*62741-69980  575 
22*6495033058  576 
22*6715680975  577 
22*69361 14  358  578 
22-7156333832  579 
22*737634001-8  580 
22*7596133535  1581 
22*7815714998  582 
22*8035085020  583 
22*82 542442 10  584 
22*8473i93i76,  585 
22*8691932521  586 
22*8910462845  587 
22*9128784748  588 
22*9346898824  589 
22*9564-803665  590 
22*9782505862  591 
23*000000000.0  592 
23*02172386-64  593 

594 

595 

596 

597 

598 

599 

600 

601 
60a 
603 

i 604 
; 605 
; 606 

; ^07 
I 608 

609 

610 

611 

612 

613 

614 

615 

616 

617 

618 

619 

620 
62  I 
622, 

623 

624 

625 

626 

627 

628 

629 
6^0 


23-0434372436 

23*065  1.25  1893 
23*0867927612 
23*1084400166 
23*1300670124 
2 3*1  5^673805.6 
23.1732604525 
23*1948270095 
2:V2i637;35325 

23-2379000772 

23*2594066992 

23-2808934536 

22*2023603055 

23-3238075794 

23-3452350599 

23*3666428911 
23*38803 1 1 271 
23*40939982 1.4 

^3*4307490277 

23*4520787991 
23*4733391886 
23*4946802489 
2q*5  1 59520326 
23*5372045919 
23-5584379788 
23’579652245I 
23*6008474424 
23*6220236220 
23*6431808351 
23*6643191324 
23*6854385647 
23*7065391823 
23*7276210354 
23*748.6841741 
23*7697.286480 
23-7907545067' 

23*81  I 7617996 


23-8327505756 

23*8537208838 

23.8746727726 

23- 8956062907 
23'9 1652  14862 
23*9374184072 
23*958297 1014 
23*979^576166 
24*0000000000 
24*0208242989 
24*0416305603 
24*06241883 10 
24*0831683962 
24.1039415864 
24*1246761636 
24*1453929353 
24*1660919472 
24*1867732449 
24*2074368736 
24*2280828792 
24*2487 11 3060 
24*269322 i 990 
24*2899156030 

24- 31049-15623 
24-33 10501212 

24*3515913238 

24*3721152139 

24*3926218353 

24*4131112315 

24*4335834457 

24*4540385213 

24*4744765010 

24*4948974278 


No.  I Square  Root. 

631  25*1197133742 

632  25*1396101800 

633  25*1594912508 

634  25*1793566201 

635  25*1992063367 

636  25*2190404258 

637  25’2388589282 

638  25*2586618806 

639  25-27S4493195 

640  25*29822128131 

641  25*3179778023’ 

642  25*3377189186 

643  25*3574446662 


No.  Squai’e  Root. 


24*5153013443 

24*53  56882928 
24-5  560583156 
24-5764114549 


24*5967477525 
24-6170672502 
24-6373699895 
24*65765601 19 
24-6779253585 
24*6981780705 
24*7184141886 

24-7386337537 

24*7588368063 

24*770.0233867 

24*7991935353 

24*8193472920 

24*8394846967 

24'8596o57893 

24*8797106092 

24*8997991960 

24*9198715888 

24*9399278267 

24-9599679487 

24- 9799919936 
25*0000000000 
25*019992.0064 
25*039968051 1 

25- 0.599281723 
25*0798724080 
25-0998007960 


644  25-3771550809 

645  25*3968501984 

646  25*4465300543 

647  25*436194684© 

648  25*4558441227 

649  25-475-4784057 

650  25*49509756801 

651  25*5147016443! 
652-  25*5342906696 

653  25-55386-J6784 

654  25-57342370) 1 1 
655. 25*59296778411 

65.6.  25*6124969497  j 
657,  25*63201 1 2360I 

658  25*6515106768’ 

659  25*67099530601 

660  25*6904651573: 

661  25*70992026441 

662  25*7293606605 

663  25*7487863792 

664  25-768i974i-3; 
66,5  25-7875939165 

666  25*.8o69758oi  1 j 

667  25*82634314031 
668.  27*8456959666 

669  25*8650343128 

670  25*88435821 1 1 
6,71  2 5 '9036676940 

672  25-922.9627936 

673  P5-9+2243  5421 
674'  25*9615099715 


694 

695 

696 

697 
69  B 

699 

700 

701 

702 

703 

704 

705 

706 

707 

708 

709 

710 

711 

7 1 2 

713 

714 

715 

716 

717 

718 

719 

720 

721 

722 

7^3 


675 

676 

1677 

1678 

\^79. 

!68o 

|68i 

j682 

I683 

684 

685 

686 

687 

688 

689 

690 

691 

692 
6q3 


25*980762 1135 

26*0000000000 

260192236625 

.26*0384331326 

26*057628441 6 

26*0768096208 

26-0959767014 

26*1 15 1297 144 

26*1342686907 

26-153393^^12 

26*1 72  5046566 

26*1916017074 

26-2 106848442 

26-2297540972 

26*2488094968 

26*26785 1073 1 

26*2868788562 

26*3058928759 

26*3248931622 


724 

725 

726 

727 

728 

729 

730 

731 

732 

733 

734 

733 

736 

737 

738 

739 

740 

74I: 

742 

743 

744 

745 

746 

747 

748 

749 

750 

751 

752 

753 

754 

I7S6 


26-3438797446 

26*3628526529 
26*38181  19165 
26*4007575649 
26*4196896272 
26*4386081 328 
26-4575131106 
26-4764045897 

26*4952825990 
26*5 141471671 
26*5329983228 
26*55 18362947 
26*4706605 1 12 
26*5894716006 
26*6082693913 
26*62705391  14 
26*645825 1889 
26*66458325 19 
26*6833281283 
26*7020598456 
26*7207784318 

26*7394839142 

26*7581763205 
26*7768556780 
26*7955220139 
26*8141753556 
26*8328157300 
26-8514431642 
26*870057685  I 
26*8886593 195 
26*9072480941 
26*9258240357 
26*9443871706 

26- 9629375254 
26*98 1475 1265 
27*0000000000 
27*018  5 1 2 1722 
27*03701 16692 
27*0554985169 
27*0739727414 
27*0924343683 
27*11087534235 

27- 1293199325 
27*1477439210 
27-1661554144 
27-1845544381 
27-2029410175 
27-2213151  776 
27-2396769438 
27*2580263409 
27-2763633940 
27*2946881279 
27*3130005675 

27*3313007374 

27*3495886624 
27*3678643668 
27*3861278753 
27*4043792121 
27*4226184016 
27*4408454680 
27*4590604355 
27*4772633281 
27*4954541697 


R O O 
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Table  of  Square  Roots. 


- No. 

Square  Root. 

1 No. 

j 

757. 

27-5136329844 

818 

*•  r Q 

/ 5<i 

27*5317997959 

8 19 

7S9 

27’S499546279 

1820 

760 

27*5680975042 

j82I 

' 761 

27*5862284483 

lo” 

762 

27-6043474837 

823 

763 

27*6224546339 

824 

. 764 

27'6405499222 

^25 

; 765 

27‘65S63337  ^9 

826 

766 

27*67-6  7050062 

827 

. 767 

27*6947648483 

828 

768 

27^7 1281292 1 1 

S29 

769 

27*7308492477 

830 

770 

27-7488738510 

831 

. 771 

27*7668867538 

832 

772 

27-7848879789 

833 

773 

27-802877  5/}89 

834 

774 

27*8208554865 

835 

775 

27-83852 18 142 

836 

776 

27-856-77655441 

837 

777 

27-8747197295; 

838 

GO 

27-89265  [3620 

839 

779 

27*9105714739 

'840 

780 

27*9284800875 

841 

781 

27‘94^3772^SOi 

842 

782 

27*9642629082 

S43 

783 

27*9821371593. 

844 

734 

28-0000000000* 

84  5 

785 

28*01785 14522 

846 

786 

28*0356915378’ 

847 

787 

28*0535202782' 

1848 

788 

28*07  1 337688 1 

1849 

789 

28-089 1 43S  104 

I850 

790 

28*106938645 1 

185  [ 

791 

28*1 247222209: 

,852 

792 

793 

28*1424945589! 

28*1602556807 

1853 

854 

794 

28*1 780056072 

8,-5 

795 

28-19,-7443,97 

856 

796 

28*2134719593 

857 

797 

28*23 ‘ ^ 884270 

8;8 

798 

28*2488937837 

1859 

799 

'28*2665880502 

860 

■ 800 

28*2842712475 

861 

801 

28-*3oi9433962j 

862 

802 

28*3 196045 1 70 i 

863 

803 

28*337^546306 

864 

804 

28-3548937575 

865 

805 

28*37252 19182 

866 

806 

28*3901391332 

867 

'807 

28*4077454227 

868 

808 

28*425340807 1 1 

869 

809 

28*4429253067 

870 

. 8 lo 

28*4604989415 

87 1 

j 81 1 

28*47806173 18 

872 

8 1 2 

28*4956136976 

873 

813 

28*5 13  I 54S588 

874 

814 

28*5306852354 

875 

815 

28*5482048472 

876 

816 

28*5657137142 

877 

817 

28*5832118559^ 

878 

879 

880 

881 
8S2 

882 

884 

885 

886 

887 

888 

889 

890 

89 1 

892 

894 

89:; 

896 

**97 

898 

899 

900 

901 

902 

9^3 

904 

905 

906 

:9^7 


Square  Root.  | 

28*6006992922 
28'6i8 I 760425 . 
28’635642I  266 
2S*6c-2og7c628 
28-6705423737 
28*6879765756 
28*7054001888 
28*7228132327 
28*7402157264 
28*75  7607689 1 
28-7749891399 
28*7923600973 
28*8097205818 
28-8270706108 
28*8444102037 
^8*8617393793 
28*8790581 564 
28*8963665536 
28*9 136645896 
28*9309522830 
28*9482296523 
28  9654967159 

28- 9827534924 
29*0000000000. 
29*0172362571 1 
29.03446228 19 
29*05 16780927 , 
29*0688837075 ; 
29*0860791445 

29*  10326442  I 7 II  908 

29*1204395571  !|  909 

29* I 376045687  iiQio 
29*1547594742  jj9ii 
29*1719042916  '912 
29*1890390387  1913 
29*2061637330  1 9 14 

29*2232783924  j9i5 
20*24038303444  9 

29- 2574776767  ,917 
29*2745623366  918 
29*2916370318  .919 
29*3087017795  |920 

29*3257565972  921 

29-342801 5022  ' 922 

29*359^3651^^  1923 

29*3768616431  I924 
29*3938769134 ;925 
29*4108823397  926 
29*4278779391  1927 
29*4448637287  928 
29*4618397253  I929 
29*4788059460  ;930 
29*4957624075  931 
29*5127091267  ^932 
29*5296461 205  933 
29*5465734054  I 934 
29*5634909982  j935 
29*5803989155  1936 
29*5972971739 . 937 
29*6141857899  I 93B 
29-6310647801  I 939 


No- j Square  Root. 


No- 


29*64793247431 

20*66479394841 

29*6816441593; 

29*6984848098 i 
297^531591621 

29*7321374946! 

29*74894956131 

29*7657521323: 

29*78254522371 

29*79932885151 

29*8161030318 

29*8328677804 

29*8496231132 

29*8663690461 

29*883*1055950 

29*8998327755 

20*01 6330603  3 

29*9332590942; 

29*9499582637 
29*966648 1275 
29*983328701  I 
3 o *0000000000 
30*0166620396 ; 

30-0333148354; 

30-0499584026! 
30*0665927567! 
30*083  2 1 791 30 
30*0998338866 
30*1 164406928 
30*1330383466 
30*1496268634 
30*1662062580 
30*1827765456 
30*199337741111 
30*2158898595  ;j 
30*2324329157;; 
30*2489669245 i 
30*2654919008 ! 
30-2820078595 : 
30*2985148151  I 
30-31,-01278241 
30-3315017762; 
30*3479818 [ 10 i 
30-3644529014; 
30*380915061 9 ' 
30-3973683071  j 
30-4138126515 
30*430248 1094 
30^4466746953  I 
30*4630924235  I 
30*47950130831 
30*4959013640 
30*5 122926048 
30*5286750449 
30*5450486986 

30*5614135799 

30*5777697028 
30*5941,1708 16 
30*6104557300 
30*6267856622 
30-64^io6892 


_ I 


940 

941 

942 


945 

946 

947 

948 


Square  Root. 


30-6594194335 
30-6757233004 
30-6920185064 

943  3^*7083050656 

944  30*7245829915 
30*7408522979 
30*7571129985 
30*7733651069 
30*7896086367 

949130*^058436015 
950'  30*8220700148 
9ci  i 30-8382878go2 

I 30-8,-44974.7 

30-870698080.9 
30-8868904230 
30-9030742807 
30-9192496675 
30*9354165965 
30*9515750811 

30- 9677251344 
50-9838667697 

3 1 'OOOOOOOOOO 

3 1*0161248385 
31*0322412984 

31- 0483493925 
31-0644491340 
31*0805405358 
31*0966236109 
31*1 126983722 
31*1287648325 
3 I *1448230048 
31*1608729018 
31*1769145362 
31*1929479210 
3 1 *2089730687 
3 I -2249899920 
31  *2409987036 
3 I -2569992  1.62 
3 1*272991 5422 
31-2889756943 
31*3049516850 
31*3209195267 
31*3368792320 
31*3528308132 
3 1*3687742827 

31  •38470965  30 

3 1*4006-369262 
31*41655614481 
31*4324672910 
31*4483703870 
31*4642654451 

31*4801524774 

3 I *4960314960 
31*51 19025132' 
31-5277655409 
3 1*543620591 2 
31-5594676761 
31-575  3068077 
31-391137,9979 
3 1 ‘6069612  586 


953 

954 
95  3 

956 

957 

958 

959 

960 

961 

962 

963 

964 

965 

966 

967 

968 

969 

970 

971 

972 

973 

974 

975 

976 

977 

978 

979 

980 

981 

982 

983 

984 

985 

986 

987 

988 

989 

990 

991 

992 

993 

994 

997 

996 

997 

998 

999 
1000 


3 1 *6227766017 


ROT 
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R'OTA,  in  Mechanics.  See  Wheel, 

Rota  jir'ijlotel'ica^  or  ArlJIoth^s  tVheel^  denotes  a 
celebrated  problem  in  mechanics,  concerning  the  mo- 
tion or  rotation  of  a wheel  about  its  axis  ; lo  called  be- 
caufe  firfl  noticed  by  Ariflotle. 

The  difficulty  is  this.  While  a circle  makes  a revo- 
lution on  its  centre,  advancing  at  the  fame  time  in  a 
Tight  line  along  a plane,  it  deferibes,  on  that  plane,  a 
right  line  which  is  equal  to  its  circumference.  JNow  if 
this  circle,  which  may  be  called  the  deferent,  carry 
with  it  another  fmaller  circle,  concentric  with  it,  like 
the  nave  of  a coach  wheel ; then  this  little  circle,  or 
nave,  will  deferibe  a line  in  the  time  of  the  revolution, 
which  ffiall  be  equal  to  that  of  the  large  wheel  or  cir- 
cumference itfelf;  becaufe  its  centre  advances  in  aright 
line  as  fall  as  that  of  the  wheel  does,  being  in  reality 
the  fame  with  it. 

The  folution  given  by  Ariftotle,  is  no  more  than  a 
good  explication  of  the  difficulty. 

Galileo,  who  next  attempted  it,  has  recoiirfe  to  an 
infinite  number  of  infinitely  little  vacuities  in  the  right 
line  deferibed  by  the  two  circles  ; and  imagines  that 
the  little  circle  never  applies  its  circumference  to  thofe 
vacuities  ; but  in  reality  only  applies  it  to  a line  equal 
to  its  own  circumference  ; though  it  appears  to  have 
applied  it  to  a much  larger.  But  all  this  is  nothing  to 
the  purpofe. 

Tacquet  will  have  it,  that  the  little  circle,  making 
its  rotation  more  flowly  than  the  great  one,  does  on 
that  account  deferibe  a line  longer  than  its  own  circum- 
feience  ; yet  without  applying  any  point  of  its  cir- 
cumference to  more  than  one  point  of  its  bafe.  But 
this  is  no  more  fatisfadiiory  than  the  former. 

After  the  fruitlefs  attempts  of  fo  many  great  men, 
M.  Dortous  de  Meyran,  a French  gentleman,  had  the 
good  fortune  to  hit  upon  a folution,  which  he  fent  to 
the  Academy  of  Sciences  ; where  being  examined  by 
Meff.  de  Louvllle  and  Soulmon,  appointed  for  that 
purpofe,  they  made  their  report  that  it  was  fatisfadkory. 
The  folution  is  to  this  efledl  : 

The  wheel  of  a coach  is  onlyadledon,  or  drawn  in  a 
right  line  ; its  rotation  or  circular  motion  arifes  purely 
from  the  refiftance  of  the  ground  upon  which  it  is  ap- 
plied. Now  this  refiftance  is  equal  to  the  force  which 
draws  the  wheel  in  the  right  line,  inafmuch  as  it  de- 
feats that  diredlion  ; of  confeqiience  the  caufes  of  the 
two  motions,  the  one  right  and  the  other  circular,  are 
equal.  And  hence  the  wheel  deferibes  a right  line  on 
the  ground  equal  to  its  circumference. 

As  for  the  nave  of  the  wheel,  the  cafe  is  otherwife. 
It  is  drawn  in  a right  line  by  the  fame  force  as  the 
wheel ; but  it  only  turns  round  becauie  the  wheel  does 
fo,  and  can  only  turn  in  the  fame  time  with  it.  Hence 
it  follows,  that  its  circular  velocity  is  lefs  than  that  ol 
the  wheel,  in  the  ratio  of  the  two  circumferences  ; and 
therefore  its  circular  motion  is  iefs  than  the  redlilinear 
one.  Since  then  it  necelfarily  deferibes  a right  line 
equal  to  that  of  the  wheel,  it  can  only  do  it  partly  by 
Hiding,  and  partly  by  revolving,  the  Aiding  part  being 
more  or  lefs  as  the  nave  itfelf  is  fmaller  or  lar  ger.  See 
Cycloid. 

ROTATION,  Rollings  in  Mechanics.  See  Roll- 
ing. 

Rotation,  in  Geometry,  the  circumvolution  of  a 

7 


furface  round  an  immoveable  line,  called  the  axis  of  I 
tation.  By  fuch  Rotation  of  planes,  the  figures  of:; 
certain  regular  folidsare  formed  or  generated.  Such  as,  i 
a cylinder  by  the  Rotation  of  a redtanglc,  a cone  by  1 
the  Rotation  of  a triangle,  a fpliere  or  globe  by  the 
Rotation  of  a feraicircle,  &c. 

The  method  of  cubing  folids  that  are  generated  by  , 
fuch  Rotation,  is  laid  down  by  Mr.  Demoivre,  in  bis  i 
fpecimen  of  the  ufe  of  the  doctrine  of  fluxions,  PhiloL  ; 
Tranf.  numb,  216  ; and  indeed  by  moft  of  the  writers 
on  Fluxions.  In  every  fuch  folid,  all  the  fe£iions  per-  j • 
pendicular  to  the  axis  are  circles,  and  therefore  the  ■ 
fluxion  of  the  folid,  at  any  fedtion,  is  equal  to  that 
circle  multiplied  by  the  fluxion  of  tlie  axis.  So  that,  j 
if  A denote  an  abfeifs  of  that  axis,  and  y an  ordinate  to 
it  in  the  revolving  plane,  which  will  alfo  be  the  radius 
of  that  circle;  then,  n being  put  for  3‘i4i6,  the  area-  1 
of  the  circle  is and  eonfequently  the  fluxion  of  the  I; 
folid  is  ny'^x  ; the  fluent  of  which  will  be  the  content  I i 
of  the  folid. 

Such  folid  may  alfo  be  exprefted  in  terms  of  the  gene-  | - 
rating  plane  and  its  centre  of  giavity  ; for  the  folid  is 
always  equal  to  the  produdl  aiiiing  from  the  generating  , ; 
plane  multiplied  by  the  path  of  its  centre  of  gravity,  - 
or  by  the  line  deferibed  by  that  centre  in  the  Rotation  of 
the  plane.  And  this  theorem  is  general, by  whatever  kind 
of  motion  the  plane  is  moved,  in  deferibing  a folid. 

Rotation,  Revoluhony  in  Aftronomy,  See  Re-  1 

VOLUTION. 

jDA'r;;u/ Rotation.  See  Diurnal,  and  Earth.  ; 

ROTONDO,  or  Rotundo,  in  Architecture,  a I 
popular  term  for  any  building  that  is  round  both  with-  | 
in  and  withoutftde,  whether  it  be  a church,  hall,  a la-  r 
loon,  a veftibule,  or  the  like, 

ROUND,  Roundness,  Rotundity,  the  property 
of  a circle  and  fphere  or  globe  &c. 

ROWNING  (John),  an  ingenious  Englifti  mathe- 
matician and  philofopher,  was  fellow  of  Magdalen  Col- 
lege,  Cambridge,  and  afterwards  Redkor  of  Anderby  1 
in  Eincolnfliire,  in  the  gift  of  that  fociety^  He  was  a ^ 
conftant  attendant  at  the  meetings  of  the  Spalding  So-  | 
ciety,  and  was  a man  of  a great  philofophical  habit  |: 
and  turn  of  mind,  though  of  a cheerful  and  compani- 
onable difpofition.  He  had  a good  genius  for  mechanical  |! 
contrivances  in  particular.  In  1738  he  printed  at 
Cambridge,  in  8vo,  A Compendious  Syfem  of  Natural 
PhiUfophy^  in  2 vols  8vo  ; a very  ingenious  work, 
which  has  gone  through  feveral  editions.  He  had  alfo  ! 
two  pieces  inferted  in  the  Philofophical  Tranfadkions,  jj, 
viz,  I.  A Jdefcriptlon  of  a Barometer  wherein  the  Scale  jj 
of  Variation  may  he  increajed  at  pleafure  ; vol,  38,  i. 
pa.  39.  And  2.  Direction  for  making  a Machine  for  \ 
fending  the  Roots  of  Equations  univerfally^  with  the  Man-*  ^ 
ner  of  ufing  it  ; vol.  60,  pa.  24O.  — Mr.  Rowning  died  j 
at  his  lodgings  in  Carvy-ftreet  near  Lin-coln’s  Inn 
Fields,  the  latter  end  of  November  17  7 H at  7 2 years  j 
of  age. 

Though  a very  ingenious  and  pleafanc  map,  he  had 
but  an  iinpromifing  and  forbidding  appearance  : he  was 
tall.  Hooping  in  the  ftioulders,  and  of  a fallow  down- 
looking countenance. 

ROYAL  Oak^  Rolnr  Carolinum^  in  Aftronemy, 
one  of  the  new  fouthern  couftellations,  the  ftars  of 

vihich. 
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V'hicli,  according*  to  Sharp’s  catalogue,  annexed  to 
the  Britannic,  are  12. 

Koy A ^'ociety  of  Rnghindj  is  an  academy  or  body 
of  perfonSj  luppoled  to  be  eminent  for  their  learning, 
iniiituted  by  king*  Charles  the  lid,  for  promoting  na- 
tural knowledge. 

Thi  s once  illudrious  body  originated  from  anaffem- 
bly  ofingenious  men,  refiding  in  London,  who,  being 
inqnhitive  into  natural  knowledge,  and  the  new  and  ex- 
perimental pirilofophy,  agrec.1,  about  th.e  year  1645, 
to  meet  weekly  on  a certain  day,  to  diicourfe  upon 
fuch  fubj'edls.  "riiefe  meetings,  it  is  faid,  were  fug- 
gefted  by  Mr.  Theodore  Haak,  a native  of  the  Palati- 
nate in  Germany-;  and  they  were  held  fometimes  at 
Dr.  Goddard’s  lodgings  in  Wood-ftreet,  fometimes  at  a 
convenient  place  in  Cheaphde,  and  fometimes  in  or 
near  Gi  efham  College.  This  aflembly  fecms  to  be  that 
mentioned  under  the  title  of  the  hmifibb,  or  Philo- 
Jophical  CoUsgf^  by  Mr.  Boyle,  in  fome  letters  written 
in  1 646  and  1647.  About  the  years  164S  and  1649, 
the  company  which  formed  thefe  meetings,  began  to 
be  divided,  fome  of  the  gentlemen  removing  to  Ox- 
ford, as  Dr.  Wallis,  and  Dr.  Goddard,  where,  in 
conjnnftion  with  other  gentlemen,  they  held  meetings 
alfo,  and  brought  the  (ludy  of  natural  and  experimen- 
tal philofophy  into  fafnion  there  ; meeting  firlt  in  Dr. 
Fettv’s  lodgings,  afterwards  at  Dr.  Wdkins’s  apart- 
ments in  Wadham  College,  and,  upon  his  removal,  in 
the  lodgings  of  Mr.  Robvn  t Eoyle  ; while  thofc  gen- 
tlemen who  remained  in  London  continued  their  meet- 
ings as  before.  The  greater  part  of  the  Oxford  So- 
ciety coming  to  London  about  the  year  1659,  they 
met  once  or  twice  a week  in  Term-time  at  Grefham  Col- 
lege, till  they  were  difperfed  by  the  public  dikradfions 
of  that  year,  and  the  place  of  their  meeting  was  made  a 
quarter  for  foldiers.  Upon  the  relloration,  in  1660, 
their  meetings  were  revived,  and  attended  by  many  gen- 
tlemen, eminent  for  their  charadler  and  learning. 

They  were  at  length  noticed  by  the  government, 
and  the  king  granted  them  a charter,  hrft  the  15th  of 
July  1662,  then  a more  ample  one  the  2 2d  of  April 
J663,  and  thirdly  the  8th  of  April  1669  ; by  which 
they  were  erected  into  a corporation,  cotifijhng  ef  a 
prtJiJent,  council^  and  fsilowsy  far  promoting  natural 
Ino^jjledge^  and  endued  with  various  privileges  and  au- 
tlioritles. 

Their  manner  of  tleAing  members  is  by  ballotting  ; 
and  two-thirds  of  the  members  prefent  are  necelTary  to 
carry  the  eleftion  in  favour  of  the  candidate.  The 
council  con  fills  of  21  member?,  including  the  prefident, 
viee-prefident,  treafurer,  and  two  fecretariea  ; ten  of 
v.’hich  go  out  annually,  and  ten  new  members  are 
eledted  Infiead  of  them,  all  chofen  on  St.  Andrew’s 
day.  They  had  formerly  alfo  two  curators,  whofe  bu- 
finefs'  it  was  to  perform  experiments  before  the  fo- 
ciety. 

Lach  member,  at  his  admiiTion,  fubferibes  an  en- 
gagement,  that  he  will  endeavour  to  promote  the  good 
nf  the  iociety  ; from  which  he  may  be  freed  at  any 
time,  by  fignifyiiig  to  the  prefident  that  he  defircs  to 
Withdraw.  , 

The  charges  are  fiv'e  guineas  paid  to  the  treafurer  at 
^milTion  ; and  one  (hilling  per  week,  or  52s.  per  year, 


as  long  as  the  perfon  continues  a member  , * or,  in  Heir 
of  the  annual  fubfeription,  a compofition  of  25  guineas 
in  one  payment. 

The  ordinary  meetings  of  the  fociety,,  are  once  a 
week,  from  November  till  the  end  of  Trinity  term  the 
next  fiimmer.  At  firft,  the  meeting  was  from  3 
o’clock  till  6 afternoon.  Afterwards,  their  meeting 
was  from  6 till  7 in  the  evening,  to  allow  more  time  for 
dinner,  which  continued  for  a long  ferles  of  years,  till  the 
hour  of  meeting  was  removed,  by  the  prefent  prefident, 
to  between  8 and  9 at  night,  that  gentlemen  of  fafhlon, 
as  was  alleged,  might  have  the  opportunity  of  coming 
to  attend  the  meetings  after  dinner. 

Their  defign  is  to  “ make  faithful  records  of  all  the 

works  of  nature  or  art,  which  come  within  their 
“ reach  ; fo  that  the  ptefent,  as  well  as  after  ages, 
“ may  be  enabled  to  put  a mark  on  errors  which  have 
“ been  Ifrengthened  by  long  prefeription  ; to  reflore 
“ truths  that  have  been  long  neglefled  ; to  pufh  thofe 
“ already  known  to  more  various  ufes  ; to  make  the 
“ way  more  paffable  to  what  remains  unrevt'aled> 
“ &c.” 

To  this  purpofe  they  have  made  a great  number  of 
experiments  and  obfervations  on  molt  of  the  works  of 
nature  ; as  eclipfes,  comets,  planets,  meteors,  mines,, 
plants,  earthquakes,  inundations,  fprings,  damps,  fires, 
tides,  currents,  the  magnet,  6cc  : their  motto  being 
NulUus  in  Verba,  They  have  reglilered  experiments, 
hlltorles,  relations,  obfervations,  &c,  and  reduced  them 
into  one  common  ftock.  They  have,  from  time  to  timey, 
publlfhed  fome  of  the  mod  uftful  of  thefe,  under  the 
title  of  Phllofophical  Tranfa6fions,  &:c.  ufually  one  vo- 
liim.e  each  year,  which  were,  till  lately,  very  refpe6la- 
ble,  both  for  the  extent  or  magnitude  of  them,  and> 
for  the  excellent  quality  of  their  contents.  The  reft,, 
that  are  not  printed,  they  lay  up  in  their  regifters. 

They  have  a good  library  of  books,  which  has  been, 
formeeb  and  continually  augmenting,  by  numerous  do- 
nations. They  had  alfo  a mufeum  of  curlofitles  in  na- 
ture, kept  in  one  of  the  rooms  of  their  own  houfe  in 
Crane  Court  Fleet-ftreet,  where  they  held  their  meet- 
ings, with  the  greateft  reputation,  tor  many  years,, 
keeping  regifters  of  the  weather,  and  making  other 
experiments ; for  all  which  purpofes  thofe  apartments 
were  well  adapted.  But,  difpofingof  thefe  apartments,, 
in  order  to  remove  Into  thofe  allotted  them  in  Somerfet 
►place,  where  having  neither  room  nor  convenience  for 
fuch  purpofes,  the  mufeum  was  obliged  to  be  difpofed- 
of,  and  their  ufeful  meteorological  regifters  dlfconti- 
nued  for  many  years. 

Sir  (Mdfrey  Copley,  hart,  left  5 guineas  to  be  given; 
annually  to  the  perfon  who  fltould  write  the  beft  paper 
in  the  year,  under  the  head  of  experimental  philofophy 
this  reward,  which  is  now  changed  to  a gold  medal,  is 
the  higheft  honour  the  foclety  can  bellow  ; and  it  is, 
conferred  on  St.  ^Andrew’s  day  : but  the  communica- 
tions of  late  years  have  been  thought  of  fo  little  im-. 
portance,  that  the  prize  medal  remains  fometimes  for 
years  undifpofed  of. 

Indeed  this  once  very  refpecftable  fociety,  now  con- 
fifting  of  a great  proportion  of  honorary  members, 
who  do  not  ufually  communicate  papers  ; and  many 
fclentific  members  being  difeouraged  from  making  their 

ufual 
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tifual  communications,  by  what  is  deemed  the  prefent 
arbitrary  government  of  the  fociety  ; the  annual  vo- 
lumes have  in  confeqiience  become  of  much  lefs  im- 
portance, both  in  refpe£f  of  their  bulk  and  the  quality 
of  their  contents. 

Royal  Society  of  Scotland.  See  Society. 

RUDOLPHINE  Talks,  a fet  of  aftronomical  ta- 
bles that  were  publiflied  by  the  celebrated  Kepler,  and 
fo  called  from  the  emperor  Rudolph  or  Rndolphus. 

RULE,  The  Carpenters,  a folding  ruler  generally 
ufed  by  carpenters  and  other  artificers  ; and  is  othervvife 
called  the  Aiding  Rule. 

Th  is  inllrument  corifills  of  two  equal  pieces  of  box- 
wood, each  one  foot  in  length,  connected  together  bir 
a folding  joint.  One  fide  or  face,  of  the  Rule,  is 
divided  into  inches,  and  half-quarters,  or  eighths.  On 
the  fame  face  alfo  are  feveral  plane  fcales,  divided  into 
12th  parts  by  diagonal  lines  ; v/iiich  are  ufed  in  plan- 
ning dimenfions  that  are  taken  in  feet  and  inches.  The 
edge  of  the  Rule  is  commonly  divided  decimally,  or 
into  loths;  viz,  each  foot  into  lo  equal  parts,  and 
each  of  thefe  into  10  parts  again,  or  loodth  parts  o-f 
the  foot : fo  that  by  means  of  this  lait  fcale,  dimenfions 
are  taken  in  feet  and  tenths  and  hundreds,  and  multi- 
plied together  as  common  decimal  numbers,  which  is 
the  bed  way. 

On  the  one  part  of  the  other  face  are  four  lines, 
marked  A,  B,  C,  D,  the  two  middle  ones  B and  C 
being  on  a Aider,  which  runjs  in  a groove  made  in  the 
dock.  The  fame  numbers  ferve  for  both  thefe  two 
middle  lines,  the  one  line  being  above  the  numbers, 
and  the  other  below  them. 

Thefe  four  lines  are  logarithmic  ones,  and  the  three 
A,  B,  C,  which  are  all  equal  to  one  another,  are  double 
lines,  as  they  proceed  twice  over  from  i to  10.  The 
lowed  line  D is  a Angle  one,  proceeding  from  4 to 
40.  It  is  alfo  called  the  girt  line,  from  its  life  in 
cading  up  the  contents  of  trees  and  timber:  and  upon 
it  are  marked  WG  at  17*15,  and  AG  at  18*95,  the 
wine  and  ale  gauge  points,  to  make  this  indrument 
ferve  the  purpofe  of  a gauging  rule. 

Upon  the  other  part  of  this  face  is  a table  of  the 
value  of  a load,  or  50  cubic  feet,  of  timber,  at  all 
prices,  from  6 pence  to  2s.  a foot. 

When  I at  the  beginning  of  any  line  is  accounted 
<Dnly  I,  then  the  i in  the  middle  is  10,  and  the  10  at  the 
end  100  ; and  when  the  I at  the  beginning  is  accounted 
10,  then  I in  the  middle  is  loo,  and  the  10  at  the  end 
1000;  andfo  on.  All  the  fmaller  dIvIAons  being  alfo 
altered  proportionally. 

By  means  of  this  Rule  all  the  ufual  operations  of 
arithmetic  may  be  eafily  and  quickly  performed,  as 
multiplication,  divlllon,  involution,  evolution,  finding 
mean  proportionals,  3d  and  4th  proportionals,  or  the 
Ruie-of-three,  See.  For  all  which,  fee  my  Menfuration, 
part  5,  feft.  3,  2d  edition. 

Rules  of  Philofophiztng.  See  Philosophizing. 

Rule,  in  Arithmetic,  denotes  a certain  mode  of 
operation  with  Agures  to  And  fums  or  numbers  unknown, 
and  to  facilitate  computations. 

Each  Rule  in  arithmetic  has  its  particular  name,  ac- 
cording to  the  ufe  for  which  It  is  intended.  The  Aril 
four,  which  ferve  as  a foundation  of  the  whole  art,  are 


called  addition^  fuhtraSiion,  multiplication,  and  dl’oU  h 
fion. 

From  thefe  arife  numerous  other  Rules,  which  are  ; 
indeed  only  applications  of  thefe  to  par  ticular,  purpofes  ’• 
and  occaAons ; as  the  Rule-of-three,  or  Golden  Rule 
or  Rule  of  Proportion  ; alfo  the  Rules  of  FellowAiipj 
IntereA,  Exchanges,  PoAtion,  ProgrefAons,.  &c, 

For  which,  fee  each  article  feverally. 

of -Three,  or  B^ule  of  Proportion,  cotnmonly  ' r 
called  the  Golden  Rule  from  its  great  ufe,  Is  a Rule  that  : 
teaches  how  to  And  a 4th  proportional  number  to  three  ^ 

others  that  are  given. 

As,  If  3 degrees  of  the  equator  contain  208  miles,  - 
how  many  are  contained  in  360  degrees,  or  the  whole 
circumference  of  the  earth  ? 

The  Rule  is  this : State,  or  fet  the  three  given  term.5  i 
down  in  the  form  of  the  Aril  three  terms  of  a propor-  t 
tion,  Eating  them  proportionally,  thus  : 

deg.  mil.  deg.  miles. 

as  3 : 208  : ; 360  : 24960 
360 


1 2480 
624 


3 ) 74880 


24960 

Then  multiply  the  2d  and  3d  terms  together,  and  di- 
vide the  produ6l  by  the  I A term,  fo  Aiall  the  quotient  : 
be  the  4th  term  in  proportion,  or  the  anfwer  to  the 
queftion,  which  in  this  example  is  24960  or  nearly 
25  thoufand  miles,  for  the  circumference  of  the 
earth. 

, ^ This  rule  is  often  conAdered  as  of  two  kinds,  ‘ 
viz.  J)ircC,  and  inverfe, 

Rule-oj-Phree  DireSl,  is  that  in  which  more  requires  j 
more,  or  lels  requires  lefs.  As  in  this  j if  3 men  mow  ' 
21  yards  of  grafs  in  a certain  time,  how  much  will  6 
men  mow  in  the  fame  time  ? Flere  more  requires  more, 
that  is,  6 men,  which  are  more  than  3 men,  will  alfo  ! 
perforrn  more  work,  in  the  fame  time.  Or  if  It  were  1 
thus  j if  6 men  mow  42  yards,  how  much  will  3 men 
mow  in  the  fame  time  ? here  then  lefs  requires  lefs,  oi:  ■ 

3 men  will  perform  proportionally  lefs  work,  in  the  1 
fame  time.  ^ In  both  thefe  cafes  then,  the  Rule,  or  ; 
the  proportion,  is  diredl ; and  the  AatingmuA  be 
thus,  as  3 : 21  : : 6 : 42, 
or  thus,  as  6 : 42  : : 3 : 21, 

Rule-of-Three  Inverfe,  is  when  more  requires  lefs,  *' 
or  lefs  requires  more.  As  in  this  ; if  3 men  mow  a 
certain  quantity  of  grafs  in  14  hours,  in  how  many 
hours  will  6 men  mow  the  like  quantity  ? Here  it  is  ’ 
evident  that  6 men,  being  more  than  3,  will  perforin 
the  fame  work  in  lefs  time,  or  fewer  hours ; hence 
then  more  requires  lefs,  and  the  Rule  or  queAIon  is  in- 
verfe, andmuA  oe  Aatedby  making  the  number  of  men 
change  places,  thus,  as6  : 14  : ; 3 : 7 hours,  the  time 
in  vdiich  6 men  will  perform  the  work ; Aill  multi- 
plying the  2d  and  5d  terms  together,  and  dividing 
by  the  lA. 

For  various  abbreviations,  and  other  particulars  re- 
lating 
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latingf  to  thefe  Rules,  fee  any  of  the  common  books  of 
arithmetic. 

Ru  or  Comp'-und  RuJe-of-Three^  is  where 

two  RuleS'oRtliree  are  required  to  be  wrought,  or  to  be 
combined  together,  to  find  out  the  number  fought. 

This  Rule  may  be  performed,  either  by  working  the 
two  fiatings  or  proportions  feparately,  making  the  re- 
fuk  or  4th  term  of  the  ill  operation  to  be  the  2d  term, 
of  the  lak  proportion  ; or  elfe  by  reducing  the  two 
fiatings  into  one,  by  multiplying  the  two  firft  terms  to- 
gether, and  the  two  tliird  terms  together,  and  iifing 
the  products  as  the  ifl;  and  3d  terms  of  the  compound 
Rating.  As,  if  the  queilion  be  this  ; If  lool.  in  2 
years  yield  9I.  intereil,  how  much  will  500I.  yield 
in  6 years.  Here,  the  two  Ratings  are, 


Then,  to  w'oik  the  two  Ratings  feparately, 

as  too  : 9 : : 500  : 45I. 
and  2 : 45  : : 6 ; 135I. 

fo  that  135I.  is  the  intereR  or  anfwer  fought.  But  to 
rrork  by  one  Rating,  it  will  be  thus, 

1 CO  500 

2 6 

200  .*9  : : 3000  : 135I.  the  anfwer. 

2‘oo)  270.0c  ( 135I. 

See  the  books  of  arithmetic  for  more  particulars. 
Central  Kv'L'e.,  See  Cen  tr  al 
Parallel  Ruler.  See  Parallel  Ruler, 

RUMB,  or  Rum.  See  Rhumb. 

RuMB-Z.?/ie,  or  Loxodroniic,  See  RHUMB-L;«e. 
RUSTIC,  in  Architedlure,  denotes  a manner  of 
building  in  imitation  of  fimple  or  rude  nature,  rather 
than  according  to  the  rules  of  art. 

Rustic  See  Quoin. 

Rustic  Work  is  where  the  Rones  in  the  face  &c  of 
a building,  inRead  of  being  fmooth,  are  hatched  or 
picked  with  the  point  of  an  ioRrument. 


Regular  Rustics,  are  thofe  in  which  the  Rones  arc 
chamfered  off  at  the  edges,  and  form  angular  or  fquarc 
receffes  of  about  an  inch  deep  at  their  jointings,  or 
beds,  and  ends. 

Rustic  Order^  is  an  order  decorated  with  ruRic 
quoins,  or  ruRic  work,  &c.  ( 

RUTHERFORD  (Thomas,  D.  D.),  an  ingenious 
EngliRi  philofopher,  w^as  the  fon  of  the  Rev.  Thomas 
Rutherford,  redor  of  Papworth  Everard  in  the  county 
of  Cambridge,  who  had  made  large  colledlions  for  the 
hlRory  of  that  county. 

Our  author  was  born  the  T3th  of  Odober  1712. 
He  Rudied  at  Cambridge,  and  became  fellow  of  St. 
John’s  college,  and  regins  profeffor  of  divinity,  in 
that  univerfity  ; afterwards  redor  of  Shenfield  in  Eflex, 
and  of  Barley  in  HertfordRiire,  and  archdeacon  of 
EfTex.  He  died  the  5th  of  Odober  J771,  at  39  years 
of  age. 

Dr.  Rutherford,  befides  a number  of  theological 
writings,  publlfiied,  at  Cambridge, 

1.  Ordo  Injiitutionum  Phyjlcariim,  1743,  in  qto. 

2.  Syjlem  of  Natural  Philofophy^  in  2 voIs,4to, 
1748.  A work  which  has  been  much  eReemed. 

3.  He  communicated  alfo  to  the  Gentleman’s  So- 
ciety at  Spalding,  a curious  corredion  of  Plutarch’s 
defeription  of  the  inRrument  iifed  to  renew  the  Veftal 
fire,  as  relating  to  the  triangle  with  which  the  inRru- 
ment was  formed.  It  was  nothing  elfe,  it  feems,  but  a 
concave  fpeculum,  whole  principal  focus,  which  col- 
leded  the  rays,  is  not  in  the  centre  of  concavity,  but 
at  the  diRance  of  half  a diameter  from  its  furface.  But 
fome  of  the  Ancients  thought  otherwife,  as  appears  from 
prop.  31  of  Euclid’s  Catoptrics. 

The  writer  of  his  epitaph  fays,  “ He  was  eminent 
no  lefs  for  his  piety  and  integrity,  than  his  extenfive 
Turning  ; and  filled  every  public  Ration  in  wHch  he 
was  placed  with  general  approbation.  In  private  life, 
his  behaviour  was  truly  amiable.  He  was  eReemed,  be- 
loved, and  honoured  by  his  family  and  friends  ; and 
his  death  was  fincerely  lamented  by'-  all  who  had  ever 
heard  of  his  \vell  deferved  charader.” 
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^ IN  books  of  Navigation,  &c,  denotes  foutli.  So 
alCo  S.  E.  is  fouth-eaft ; S.  W.  fouth-weif  ; and 
S.  S.  E.  routh-fouth-eail,  &c.  See  Compass. 

SAGIT  FA,  in  Ailronomy,  the  Arro^  or  Dart,  a 
conilellation  of  the  northern  herniiphere  near  the  eagle, 
and  one  of  the4S  old  aderifms.  The  Greeks  fay  that  this 
conftellation  owes  its  origin  to  one  of  the  arrows  of 
TIerciiles,  with  which  he  killed  the  eagle  or  vulture  that 
gnawed  the  liver  of  Prometheus. 

The  ftars  in  this  conftellation,  in  the  catalogues  of 
Ptolomy,  Tycho,  and  Hevclius,  are  only  5,  but  in 
Flamfteed’s  they  are  extended  to  1 8. 

Sagitta,  in  Geometry,  is  a term  ufedby  lome  wri- 
ters for  the  abfcifs  of  a curve. 

Sagitta,  in  Trigonometry  &c,  is  the  fame  as 
the  verfed  tine  of  an  arch  ; being  fo  called  becaufe 
it  is  like  a dart  or  arrow,  ftanding  on  the  chord  of  the 
arch. 

SAGITTARIUS,  Sagittary,  the  Archer,  one 
of  the  ftgns  of  the  zodiac,  being  the  9th  in  order,  and 
marked  with  the  charaAer  ^ ol  a dart  or  arrow.  This 
conftellation  is  drawn  in  the  figure  of  a Centaur,  or  an 
animal  half  man  and  half  horfe,  in  the  aeft  of  fhooting 
an  arrow  from  a bow.  This  figure  the  Greeks  feign 
to  be  Crotus,  the  fon  of  Eupheme,  the  nurfe  of  the 
mufes.  Among  more  ancient  nations  the  figure  was 
probably  meant  for  a hunter,  to  denote  the  hunting 
feafon,  when  the  fun  enters  this  fign. 

The  ftars  in  this  conftellation  are,  in  Ptolomy’s  cata- 
logue 31,  in  Tycho’s  14,  in  Hevelius’s  22,  and  in  the 
Britannic  catalogue  69. 

SAILING,  in  a general  fenfe,  denotes  the  move- 
ment by  which  a veflel  is  wafted  along  the  furface  of  the 
water,  by  the  adtion  of  the  wind  upon  her  fails. 

Sailing  is  alfo  ufed  for  the  art  or  adl  of  navigating; 
or  of  determining  all  the  cafes  of  a fnip’s  motion,  by 
means  of  fea  charts  &;c.  Thefe  charts  are  conftrufted 
either  on  the  fuppofition  that  the  earth  is  a large  ex- 
tended fiat  furface,  whence  we  obtain  thofe  that  are 
called  plane  charts  ; or  on  the  fuppofition  that  the  earth 
is  a fphere,  whence  are  derived  globular  charts.  Ac- 
cordingly, Sailing  may  be  diftinguiftitd  into  two  general 
kinds,  viz,  plane  Sailing,  and  globular  Sailing,  Some- 
times indeed  a third  fort  is  added,  viz,  fpheroidical  Sail- 
ing, which  proceeds  upon  the  fuppofition  of  the  fphe- 
roidical  figure  of  the  earth. 

Plane  Sailing  is  that  which  is  performed  by  means 
of  a plane  chart  ; in  which  cafe  the  meridians  ai'C  con- 
fidered  as  parallel  lines,  the  parallels  of  latitude  are  at 
right  angles  to  the  meiidians,  the  lengths  of  the  degrees 
on  the  meridians,  equator,  and  parallels  of  latitude,  are 
jcvery  where  equal. 
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In  Plane  Sailing,  the  principal  terms  and  circiim- 
fiances  made  ufe  of,  are,  courfe,  diftaiice,  departure, 
difference  of  latitude,  rhumb,  &c  ; for  as  to  longitude, 
that  has  no  place  in  plane  Sailing,  but  belongs  pi'operly 
to  globular  or  fpherical  failing. , For  the  explanation  of 
all  which  terms,  fee  the  refpedllve  articles, 

If  a ,fiiip  falls  either  due  north  or  fouth,  ftie  fails  on 
a meridian,  her  diilance  and  difference  of  latitude  are 
the  fame,  and  ftie  makes  no  departure  ; but  where  the 
fhip  fails  either  due  call  or  weft,  ihe  runs  on  a parallel 
of  latitude,  making  no  difference  of  latitude,  and  her 
departure  and  diftance  are  the  fame.  It  may  farther 
be  obferved,  that  the  departure  and  difference  of  latitude 
always  make  the  legs  of  a right-angled  triangle,  whofe 
hypotenufe  is  the  diftance  the  (hip  has  failed  ; and  the 
angles  arc  the  courfe,  its  complement,  and  the  right 
angle  ; therefore  among  thefe  four  things,  courfe,  dif- 
tance, difference  of  latitude,  and  departure,  any  two 
of  them  being  given,  the  reft  may  be  found  by  plane 
trigonometry. 

Thus,  in  the  annexed  figure, 
fuppofe  the  circle  ft  HFH  to  re- 
prefent  the  horizon  of  the  place 
A,  from  whence  a fhip  fails  ; 

AC  the  rhumb  fine  fails  upon, 
and  C the  place  arrived  at : then 
HH  reprefents  the  parallel  of 
latitude  fhe  failed  from,  and  CC 
the  parallel  of  the  latitude  ar- 
rived in  : fo  that 


AD  becomes  the  difference  ©f  latitude, 

DC  the  departure, 

AC  the  diftance  failed, 

Z.DAC  is  the  courfe,  and 
Z.DCA  the  comp,  of  the  courfe. 

And  all  thefe  particulars  will  be  alike  reprefented, 
whetlier  the  fiiip  fails  in  the  NE,  or  NVV,  or  SE,  or 
SW  quarter  of  the  horizon. 

From  the  fame  figure,  in  which 

AE  or  AF  or  All  reprefents  the  rad.  of  the  tables, 
EB  the  fine  of  the  courfe, 

AB  the  cofine  of  the  courfe, 

we  may  eafily  deduce  all  the  proportions  or  canons,  as 
they  are  ufually  called  by  marineiT,  that  can  arlfe  In 
Plane  Sailing  ; becaufe  the  triangles  ADC  and  ABE 
and  AEG  are  evidently  fimilar.  TluTe  proportions 
are  exhibited  in  the  following  Table,  which  confifts  of 
6 cafes,  according  to  the  varieties  of  the  two  parts  that 
can  be  given. 

Cafe 
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Caie. 

Given. 

Required 

Solutions. 

I 

Z.  A and  AC, 
i.  e.  courfe  and 
diftance. 

AD  and  DC, 
i.  e.  difference 
of  latitude  and 
departure. 

AE  : AB  : : AC  : AD,  i.  e. 
rad.  ■;  f.  couife  : : did.  : dif.  lat. 
AE  : EB  : : AC  : DC,  i.  e. 
rad.  ; cof.  courfe  : : clift.  : deoart. 

A 

Z 

zlA  and  AD, 
i.  e,  courfe  and 
difference  of 
latitude. 

AC  and  DC, 
i.  e.  diffance 
and  departure. 

AB  : AE  : : AD  ; AC,  i.  e. 
cof.  cour.  : rad.  : ; dif.  lat.  : dift. 
AB  : BE  : : AD  : DC,  i.  e. 
cof.  cour.  ;f.  cour.  ; ; dif.  lat,  ;dep. 

Z.A  and  DC, 

1.  e.  courfe  and 
departure. 

AC  and  AD, 
i.  e.  dillance 
and  difference 
of  latitude. 

BE  : AE  : ; DC  : AC,  i.  e. 

f.  cour.  : rad.  ; ; depart.  : dift. 

BE  : AB  ; : DC  : AD,  i.e. 
f.  cour. : cof. cour. ; : dep.  rdif.lat. 

4 

AC  and  AI), 
i.  e.  diftance 
and  difference 
of  latitude. 

Z.A  and  DC, 
i.  e.  courle  and 
departure. 

s 

AC  ; AD  : : AE  ; AB,  i.e. 
dift. ; dit.lat. ::  rad.  : cof.  courfe, 
AE  : EB  : : AC  : DC,  i.  e. 
rad.  : f.  courfe  : : dift.  : depart. 

5 

AC  and  DC, 
i.  e.  diftance 
and  departure. 

Z.A  and  AD, 
i.  e.  courfe  and 
difference  of 
latitude. 

AC  : DC  : ; AE  : EB,  i.  e. 
dift.  : dep.  ; : rad.  : f.  courfe, 
AE  ; AB  ; : AC  : AD,  i.  e. 
rad.  : cof.  cour.  ; : dift.  ; dif.  lat. 

6 

AD  and  DC, 

i.  e.  difference 
of  latitude  and 
departure. 

A and  AC, 
i.  e,  courfe  and 
diftance. 

AD  : DC  : : AF  : FG,  i.  e. 
dif.  lat. : dep.  : : rad. : tang,  courfe. 

BE  : AE  : : DC  : AC,  i.  e. 
f.  cour.  : rad.  : : dep.  ; dift. 

Por  the  ready  working  of  any  fingle  couife^  there  is 
s table,  called  a Traverfc  7 able,  ufually  annexed  to 
treatifes  of  navigation  which  is  fo  contrived,  that  by 
finding  the  given  couife  in  it,  and  a diitance  not  ex- 
ceeding 100  or  120  miles,  the  afnal  extent  of  the  table ; 
then  the  diiierence  of  latitude  and  the  denartureare  liaJ 

X 

by  infpedtion.  And  the  fame  table  will  ierve  for  greater 
diftances,  by  doubling,  or  trebling,  or  quadrupling,  &c, 
or  taking  proportional  parts.  See  Travi  rse  TaHe* 

An  ex.  to  the  hrd:  cafe  mav  fufHce  to  (hew  the  method. 
Thus,  A fliip  from  the  latitude  47"  30'  N,  has  failed 
SW  by  S q8  miles  ; lequired  the  departure  made,  and 
the  latitude  arrived  in. 

1.  By  the  Braverje  Table.  In  the  column  of  the 

courfe,  viz  3 points,  againfl:  the  difiance  98,  tiands 
the  number  54*45  for  the  departure,  and  81*5 

miles  for  the  diff.  of  lat.  ; which  is  1*^  k > 

being  taken  from  the  given  lat.  47°  30^,  leaves  46"^  8'^ 
for  the  lat.  come  to. 

2.  By  ConftruElwii.  Draw  the  me- 
ridian  AD  ; and  drawing  an  arc,  with 
the  chord  of  60,  make  bQ^r  angle  A 
^ual  to  3 points;  through  Q^draw 
the  diftance  AQ^  rz  98  miles,  and 
through  £ the  departure  ED  perp.  to 
AD.  Then,  by  meafuring,  the  diff.  of 
lat.  AD  meafures  about  81^  miles,  and 
the  departure  D£  about  54*  milesv 


3.  By  Computation. 

Firll,  as  radius  ------  lO’CCOOO  • 

to  fin.  courfe  33®  45' - - - 9*74474 
fo  difl.  98  - --  --  --  - 1*99123 


to  depart.  54*45  - - - i*73597 


Again,  as  radius  -----  lo'ooooo 

to  cof.  courfe  ------  9*91985 

fo  dill.  98 1*99123 


to  diff,  of  lat.  8 1 ’48  - - - 1*91108 


4.  By  Gunter’s  Scale,  The  extent  from  radius;  OT' 
8 points,  to  3 points,  on  the  line  of  fine  rhumbs,  ap- 
plied to  the  line  of  numbers,  will  reach  from  98  to  54^ 
the  departure.  And  the  extent  from  8 points  to  5 
points,  of  the  rhumbs,  reaches  from  98  to  Si^oh  the 
line  of  numbers,  for  the  difference  of  latitude- 
And  in  like  manner  for  other  cafes. 

Tra^erfe  Sailing,  ox  Compound  Courfes^t  is  the  uniting 
of  feveral  cafes  of  plane  failing  together  into  one  ; as 
when  a fhip  fails  in  a zigzag  manner,  certain  dillances  ■ 
upon  feveral  different  courfes,  to  find  the  whole  differ- 
ence of  latitude  and  departure  made  good  on  all  of  them* 
This  is  done  by  working  all  the  cafes  feparately,  by 
means  of  the  traverfe'  table,  and  eoullruifling  the  figure 
as  in  this  example®, 

3 F.  2 


A 


Ah 


S A I 


S A I ' 


[ 'lov  ] 


Ex,  A fliip  failing  from  a place  in  latitude  2.\P  32' 
N,  has  run  five  different  courfes  and  dillances,  as  fet 
down  111  the  ift  and  zd  columns  of  the  following  traveffe 
table;  required  her  prelent  latitude,  with  the  departure, 
and  the  diredV  courle  and  ddlance,  between  the  place 
failed  from,  and  the  place  come  ta. 


’Travtrje  Lbfthlc, 

Coini’es. 

Dift. 

N 

S 

E 

W , 

SWbS 

45 

25-0 

3'’*4 

ESE 

so  . 

I9-I 

46-2 

svv 

2 1*2  ^ 

21*2 

SE  b E 

60 

..3  -■)  ^ 

49 '-9 

SW  b S 1 W 

6-3 

50-6 

37*5 

149-2 

96-1 

96’ i 

“Here,  by  finding,  in  the  general  Iraverfc  table,  the 
difference  of  latitude  and  departure  anfwering  to  each 
.courfe  and  diilance,  tliey  are  fet  down  on  the  fame  lines 
with  each  courfe,  and  in  their  proper  columns  of  north- 
ing, fouirhing,  eaftinp-,  or  weftlng,  according  to  the 
^quarter  of  the  conipafs  the  fliip  fails  in,  at  each  courfe. 
As  here,  there  is  no  riorthing:^,  the  differences  of  lati- 
tude are  all  foiuhward,  alfo  two  departures  are  eafl- 
ward,  and  three  are  weflward.  Then,  adding  up  the 
numbers  in  each  column,  the  fum  of  the  ealtings  ap- 
pears to  be  exadlly  equal  to  the  fum  of  the  welling?, 
coiifequently  the  fhip  is  arrived  in  the  fame  meridian, 
without  makir4g  any  departure  ; and  the  fouthings, 
or  difference  of  latitude  being  iqq'Z  miles  or  minutes, 


■that  is  - “ 2°  29'', 

which  taken  from  - - 24  32  , the  latitude  dep.  from, 
leaves  - --  -----22  3N,  the  latitude  come  to. 


Confiru^  this  Tra^uerfe, 

'With  the  chord  of  60  degrees 
defer ibe  the  circle  N 135  S 
..&c,  and  quarter  it  by  tiie  two 
perpendicular  diameters ; then 
from  S fet  upon  it  the  leveral 
courfes,  to  the  points  marked 
I,  2,  3,  4,  3,  through  which 
points  draw  lines  from  the  cen- 
tre A,  or  conceive  them  to  be 
drawn  ; laftly,  upon  the  firfl 
line  lay  off  the  firfl  diflance  45 
from  A to  B,  alfo  draw  BC  22; 

50  and  parallel  to  A 2,  and 
-CD  = 30  parallel  to  A 3,  and 
DE  = 60  parallel  to  A 4,  and 
EF  cr:  63,  parallel  to  A 5 ; then  it  is  found  that  the  point 
T falls  exadlly  upon  the  meridian  NAF  produced,  thereby 
{hewing  that  there  is  no  departure  ; and  by  meafui’ing 
A.F,  it  gives  149  miles  for  the  difference  of  latitude. 

Obllq  ue  Sailing,  is  the  refolution  of  certain  cafes 
and  problems  in  Sailing  by  oblique  triangles,  or  in  which 
oblique  triangles  are  concerned. 
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III  tfis  kind  of  Sailing,  it  may  be  obfefved,  that 
fet  an  ohjeEly  means  to  obferve  what  rhumb  or  point  of 
the  nautical  compafs  Is  diredled  to  it.  And  the  bearing 
of  an  objedl  is  the  rhumb  on  which  it  is  fecn  ; alio  the 
bearing  of  one  place  from  another,  is  reckoned  by 
the  name  of  the  rhumb  paffing  through  thofe  two 
places. 

In- every  figure  relating  to  any  cafe  of  plane  Sailing, 
the  bearing  of  a line,  not  running  from  the  centre  oftlie 
circle  or  horizon,  is  found  by  drawing  a line  parallel  to 
it,  from  the  centre,  and  towaids  the  fame  quarter. 

Kx,  A firip  failing  at  fea,  obferved  a point  of  land 
to  bear  E by  S ; and  then  after  failing  IS.E  12  miles, 
its  bearing  was  found  to  be  SE  by  E,  Required  the 
place  of  that  point,  and  its  diflance  from  the  Ihip  at  the 
lailobfervation. 


N 


Confrubli^n.  Draw  the  meridian  line  NAS,  and, 
affuming  A for  the  firtt  place  of  the  fliip,  draw  AC  the 
E by  8 rhumb,  and  AB  the  N£  one,  upon  which  lay 
off  12  miles  from  A to  B ; then  draw  the  meridian  BT 
parallel  to  NS,  from  wdiich  fet  off  the  SE  by  E point 
BC,  and  the  point  C will  be  the  place  of  the  land  re- 
quired ; then  the  diflance  BC  meafures  26  miles. 

By  Computation,  Here  are  given  the  fide  AB,  and 
the  twm  angles  A and  B,  viz,  the  jLA.  ~ ^ points  or 
56'^  15 ',  and  the  2LB  rr:  9 points  or  101°  15';  confe- 
quently  the  Z.C  = 2 points  or  22®  30'.  Then,  by 
plane  trigonometry. 

As  fin.  Z.C  22°  30'  - - - - 9-58284 

To  fin.  Z.B  56  15  - - - - 9*91985 

So  is  AB  12  miles  - - - . 1-07918 

To  BC  26*073  miles  - - - - 1*41619 


Sailing  to  Wlnclwarf  is  working  the  fliip  tow^ards 
that  quarter  of  the  compafs  from  whence  the  wind 
blow^s. 

For  rightly  underflanding  this  part  of  navigation,  it 
will  be  neceffary  to  explain  the  terms  that  occur  in  it, 
though  moil  of  them  may  be  feen  in  their  proper  places 
in  this  work. 

IVhen  the  wind  is  dlreAIy,  or  partly,  agalnil  a flrip^s 
diredl  courfe  for  the  place  Ihe  is  bound  to,  flie  reache* 
her  port  by  a kind  of  zigzag  or  z like  courfe  ; which 
Is  made  by  failing  with  the  wind  firfl  on  one  fide  of  the 
f lip,  and  then  on  the  other  fide. 

In  a fliip,  wTen  you  look  towards  the  head, 

Starboard  dcjiotes  the  right  hand  fide. 

Larboard 


9 
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Ijdrldard  the  left  hand  fide. 

For'wardsy  or  afore,  is  towards  the  head. 

Jft,  or  abaft,  is  towards  the  Ikrn. 

The  beam  fignifies  athwart  or  acrofs  the  middle 
^he  Ihip. 

Whenaihipfallsthe  fame  way  that  the  wind  blo\v?,  jne 
is  faid  to  fail  or  run  before  the  wind  ; and  the  wind  is  laid 
to  be  right  aft,  or  right  oflern;  and  her  coiirfe  is  t hen  16 
points,  orthefartheftpoitible,  from  the  wind,  that  is  fionr 
the  point  the  wind  blows  from, — -When  the  firip  fai.s  with 
the  wind  blowing  diredtly  acrofs  her,  fhe  is  faid  to  ha/c 
the  ^juindon  the  beam  ; and  her  courfe  is  8 points  liom  the 
^{„j._When  the  wind  blows  obliquely  acrofs  the  Hup, 
the  wind  is  faid  to  be  abaft  the  beam  when  it  piirfnes 
hei,  or  blow^s  more  on  the  hinder  part,  but  befo)  e the 
learn  when  it  meets  or  oppcfes  her  courfe,  her  courfe 
being  more  than  8 points  b'om  the  wind  in  the  former 
oa^'e,  but  lefs  than  8 points  in  the  latter  cale.^  hen  a 
ddp  endeavours  to  fail  towards  that  point  of  the  com  pals 
fioin  which  the  wind  blows,  Ihe  is  faid  to^/7 on  a nvind, 
or  to  ply  to  'xvind'ivard, — And  a velfel  failing  as  neai  as 
ihe  can  to  the  point  from  which  the  wind  blow'S,  die  is 
faid  to  be  clofe  hauled.  Moll  Ihips  will  he  wirliin  about 
6 points  of  the  wind;  bnt  (loops,  and  fome  other  veflt  Is, 
will  lie  much  nearer.  To  know  how  near  the  wind  a 
drip  will  lie  ; obferve  the  courfe  Ihe  goes  on  each  tack, 
when  llie  is  clofe  hauled  ; then  half  the  number  ol  points 
between  the  two  courfes,  will  fliew  how  near  the  wind 

the  Ihip  will  lie.  ^ , r i c -l 

The  <u<inihuard,  or  n.veothsr  fide,  is  that  iide  ot  the 

dilp  on  w’liich  the  wind  blows  ; and  the  other  fide  is 
called  the  leenuard,  or  lee  fde, — 'Tacks  Txwd.  Jaeets  aie 
laro-e  ropes  fallened  to  the  lower  corners  of  the  fore  and 
mam  fails  ; by  which  either  of  thefe  corners  is  hauled 
fore  or  aft.— When  a Ihip  fails  on  a wind,  the  windward 
tacks  are  always  hauled  forwards,  and  the  leeu  aid  ifieets 

Thefarboard tacks  are  aboard,  when  the  (larboard 

lide  is  to  windward,  and  the  larboard  (Ide  to  lecuaid. 
And  the  larboard  tacks  are  aboard,  when  the  lai board 
iide  is  to  windward,  and  the  (larboard  to  leeward. 

The  moftcomm.on  cafes  in  turning  to  windward  rnay 
be  conftruaed  by  the  following  precepts.  Having- 
drawn  a circle  with  the  chord  of  60°,  for  the  coiqpafs, 
or  the  horizon  of  the  place,  quarter  it  by  drawing  the 
meridian  and  parallel  of  latitude  perpendicular  to  each 
other,  and  both  through  the  centre  ; mark  the  place  of 
the  wind  in  the  circumference  ; draw  the  rhumb  pafiing 
through  the  place  bound  to,  and  lay  on  it,  from  luc 
centre,  the  diftance  of  that  place.  On  each  fide  of  the 
wind  lay  off,  in  the  circumference,  the  points  or  degrees 
(hewino-  how  near  the  wind  the  (hip  can  lie  ; and  draw 
thefe  rhumbs. — Now  the  lirll  courfe  will  be  on  one  of 
thefe  .rhumbs,  according  to  the  tack  the  Ihip  leads  with. 
Draw  aline  through  the  place  bound  to,  parallel  to  the 
other  rhumb,  and  meeting  the  firh  ; and  this  will  (hew 
the  courfe  and  di (lance  on  the  other  tacl^. 

Ex.  The  wind  being  at  north,  and  a (hip  bound  to 
a port  25-  miles  diredtly  to  windward  ; beginning  with 
the  ftarboard  tacks,  what  mud  be  the  courfe  and  ddlance 
on  each  of  two  tacks  to  reach  the  port  ? 

Conflru3lon.  Having  drawm  the  circle  &c,  as  above 
deferibed,  where  A is  the  port, 
taisro  rhumbs,  'each  wlthia  -6  points  of  AN;  m fSA. 


produced  take  AB  = 25 
miles,  then  B is  the  place 
of  the  (liip ; draw  BC  paral- 
lel to  AP,  and  meeting  Q.A 
produced  in  C ; fo  fnall  BC 
and  CA  be  the  diftances  on 
the  two  tacks  ; the  former 
being  WNW,  and  the  latter 


Computation. 

Here  Z.B  = NAP  ==  6 points, 
and  Z.A  — NAQj=:  6 points, 
theref.  Z.C  = 4 points. 

S"i  that  all  the  angles  are  given,  and  the  fivle  AB,  to 
tiiid  the  other  two  (ides  AC  and  PC,  whicli  are  equal 
to  each  other,  bccaufe  their  oppolite  angles  A and  B 
are  equal.  Hence 
as  fin,  C : AB  : : fm.  A : BC, 

i.  e.  s.  4^'°  : 25  ; : s.  67^  30'  : 32|  = BC  or  AC,  the 
d. dance  to  be  run  on  each  tack. 

Sailing  in  Currents,  is  the  method  of  determining 
the  true  coinfe  and  ddlance  of  a fhip  when  her  own 
motion  is  alfedled  and  combined  with  th?.t  of  a current. 

A current  or  tide  is  a progreffive  motion  of  the  water, 
caiding  all  floating  bodies  to  move  that  way  towards 
which  the  dream  is  direHed. — The  feifing  of  a tide,  or 
current,  is  that  point  of  the  compafs  towards  which  the 
waters  run  ; and  the  drift  of  the  current  is  the  rate  at 
which  it  runs  per  hour. 

The  drift  and  fetting  of  the  mod  remarkable  tides 
and  currents,  are  pretty  well  known  ; but  for  lUlknovva 
currents,  the  ufual  way  to  lind  the  drift  and  fetting,  is 
thus  : Let  three  or  four  men  take  a boat  a littie  way 
from  the  fliip  ; and  by  a rope,  fadened  to  the  boat  t 
dem,  let  down  a heavy  iron  pot,  or  loaded  kettle,  into 
the  fca,  to  the  depth  of  80  or  lOO  fathoms,  when  it  can 
be  done : by  which  means  th.e  boat  will  ride  almod  as 
deady  as  at  anchor.  Then  heave  the  log,  and  the 
number  of  knots  run  out  in  half  a minute  will  give  the 
current's  rate,  or  the  miles  which  it  runs  per  houi  ; vind 
the  bearing  o(  the  log  fliews  the  fetting  of  the  curient. 

A body  moving  in  a current,  may  be  conlidered 
three  cafes:  viz, 

1 . Moving  with  the  current,  or  the  fame  way  it 

fets.  . 

2.  Moving  againd  it,  or  the  contrary  way  it  lets. 

3.  Moving  obliquely  to  the  current  s motion. 

In  the  ill  cafe,  or  when  a flrip  Lils  with  a current, 
its  velocity  will  be  equal  to  the  fum  of  its  proper  motion, 
and  tlie  current’s  drift.  But  in  the  2d  cafe,  or  when  a 
fhip  fails  againd  a current,  its  vylocity  will  be  equal  to 
the  difference  of  her  own  motion  and  the  drift  ot  the 
current  : fo  that  if  the  current  drives  dronger  than  the 
wind,  the  fhip  will  drive  adern,  or  lofe  way.  In  the 
Qd  cafe,  when  the  current  fets  oblique  to  the  courfe  ot 
the  fldo,  her  real  courfe,  or  that  made  good,  will  be 
fomewiiere  between  that  in  which  the  fiiip  endeavours 
to  go,  and  the  track  in  which  the  current  tries  to  drive 
her  ; and  Indeed  it  will  always  be  along  the  diagonal  ot 
a parallelogram,  of  which  one  fide  reprefeuts  the  fhip’s 
courfe  fet,  and  the  other  adjoining  fide  is  the  current  1 
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Thus,  if  ABDC  be  a parallelo- 
gram. Now  if  the  wind  alone  would 
drive. the  fhip  from  A to  B in  the 
fame  time  as  the  current  alone  would 
drive  her  from  A to  C : then,  as 
the  wind  neither  lielps  nor  hinders 
th€  fhip  from  coming  towards  the 
line  CD,  the  current  will  bring  her  there  in  the  fame 
time  as  if  the  wund  did  not  add.  And  as  the  current 
neither  helps  nor  hinders  the  fhip  from  coming  towards 
the  line  BD,  the  w ind  will  bring  her  there  in  the  fame 
time  as  if  the  current  did  not  adl;.  Therefore  the  fliip 
mull:,  at  the  end  of  that  time,  be  found  in  both  thofe 
lines,  that  is,  in  their  meeting  D.  Confequently  the 
fliip  mufl  have  paffed  from  A to  D in  the  diagonal 
AD. 

Blence,  drawing  the  rhumbs  for  the  proper  courfe  of 
the  fliip  and  of  the  current,  and  fetting  the  dihances  off 
upon  them,  according  to  the  quantity  run  by  each  in 
the  given  time  ; then  forming  a parallelogram  of  thefe 
two,  and  drawing  its  diagonal,  this  will  be  the  real 
courfe  and  diftance  made  good  by  the  fliip. 

E.v,  I.  A fliip  fails  E.  5 miles  an  hour,  in  a tide 
fetting  the  fame  way  4 miles  an  hour : required  the 
ihip’s  courfe,  and  the  diftance  made  good. 

The  fnip^s  motion  is  ^m.  E. 

The  current’s  motion  is  4 m.  E. 

Theref.  the  fhip’s  run  is  9 m.  E, 


Ex.  2,  A fliip  fails  SSW.  with  a briflc  gale,  at  the 
j^ate  of  9 miles  an  hour,  in  a current  fetting  NNE.  2 
miles  an  hour  : required  the  fliip’s  courfe,  and  the 
diftance  made  good. 

The  fiiip’s  motion  is  SSW.  9m. 

The  current’s  motion  is  NNE.  2 m. 


Theref.  fliip’s  true  run  is  SSW.  7 m. 


Ex.  3.  A fhip  running  fouth  at  the  rate  of  5 miles 
an  hour,  in  10  hours  crofles  a current,  which  all  that 
time  was  fetting  eaft  at  the  rate  of  3 miles  an  hour  re- 
quired the  ftiip’s  true  courfe  and  diftance  failed. 

Here  the  ftilp  is  firft  fiippofed  to 
be  at  A,  her  imaginary  courfe  is 
along  the  line  AB,  wTlch  is  drawn 
fouth,  and  equal  to  50  miles,  the  run 
in  10 hours;  then  draw  BC  eaft,  and 
equal  to  30  miles,  the  run  of  the 
current  in  10  hours.  Then  the  fhip 
is  found  at  C,  and  her  true  path  is 
in  the  line  AC  =;=  58*31  her  diftance, 
and  her  courfe  is  the  angle  at  A 
30°  38^  from  the  fouth  towards  the  eaft. 

Globular  Sailing  is  the  eftimatingthe  fhip’s  motion 
and  run  upon  principles  derived  from  the  globular  figure 
of  the  earth,  viz,  her  courfe,  diftance,  and  difference 
of  latitude  and  longitude. 

The  principles  of  this  method  are  explained  under 
the  articles  RhumbJ/«<?,  Mercator's  Chart,  and  Me - 
S.1DIONAL  Parts  ; which  fee. 

Globular  Sailing,  in  the  extenfive  fenfe  here  applietb. 
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to  the  term,  comprehends  Parallel  Sailing,  MUUle^atU 
tude  Sailing,  and  Mercator's  Sailing;  to  which  may 
be  added  Circular  Sailing,  or  Great-circle  Sailing.  Of 
each  of  which  it  may  be  proper  Iiere  to  give  a brief 
account. 

Parallel  Sailing  is  the  art  of  finding  what  diftance 
a ftnp  fhould  run  due  eaft  or  w^eft,  in  failing  from  the 
meridian  of  one  place  to  that  of  another  place,  in  any 
parallel  of  latitude. 

The  computations  in  parallel  failing  depend  on  the 
following  rule  : 

As  radius. 

To  cofine  of  the  lat.  of  any  parallel ; 

So  are  the  miles  of  long,  between  any  two  meridians,. 

To  the  dift,  of  thefe  meridians  in  that  paraiiel. 

Alfo,  for  any  two  latitudes, 

As  the  cofine  of  one  latitude. 

Is  to  the  cofine  of  anothej  latitude  ; 

So  a given  mendional  dift.  in  the  ift  parallel, 

To  the  like  meridional  dift.  in  the  2d  parallel. 

Hence,  counting  60  nautical  miles  to  each  degree  of 
longitude,  or  on  the  equator;  then,  by  the  firft  rule 
the  number  of  miles  in  each  degree  on  the  other  parallels^, 
will  come  out  as  in  the  following  table. 


Pahle  of  Meridional  Difanccs, 


Lilt  • 

1 

Miles. 

Lat. 

Miles. 

Lat. 

Miles. 

I 

59  99 

31 

51*43 

61 

2g-OQ 

2 

59-96 

32 

- 50-88 

62 

28*1  7 

3 

59’92 

33 

50-32 

63 

27*24 

4 

59-85 

34 

49*74 

64 

26*30 

c 

J 

59*77 

35 

49-15 

65 

25-36 

6 

59-67 

36 

48-54 

66 

24-41 

7 

S9'S'> 

37 

47-92 

67 

23*44 

8 ‘ 

59'42 

3^. 

47-28 

68 

22*48 

9 

s9'26 

39 

46-63 

6q 

2 I -50 

10 

59*09 

40 

45*96 

70 

20*52 

I i 

58*89 

41 

45-28 

71 

'9-53 

12 

38*69 

42 

44-59 

72 

1 8-54 

^3 

58-46 

^3 

43-88 

73 

17-54 

14 

58*22 

44 

43-16 

74 

16-54 

iS 

57’95 

45 

42*43 

75 

15*53 

16 

57-67 

46 

41-68 

76 

14*51 

17 

57'38 

47 

4092 

77 

13-50 

18 

57'o6 

48 

40-15 

78 

1 2*48 

^9 

56-73 

49 

39-3^’ 

79 

11-45 

20 

56-38 

50 

38-57 

80 

10*42 

Z I 

56*01 

51 

37-76 

81 

9-38 

22 

55  63 

52 

36-94 

82 

8*3  5 

23 

55*2  3 

53 

36*1 1 

83 

7*32 

24 

5+-8i 

54 

35*^7 

84 

6*28 

29  : 

54*38 

55 

34*41 

85 

5*23 

26 

53*93 

56 

33-35 

86 

4*1 8 

n 

53’4^ 

57 

3,2*68 

87 

3*14 

28 

52*97 

58 

3^*79 

88 

2*09 

29 

52*47 

59 

30*90 

89 

1*05 

30 

51-96  1 

60 

30*00 

90 

0-00 
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Sec  another  table  of  this  kind,  allowing  69^7 
jEnglifh  miles  to  one  degree,  under  the  article  De- 
gree. 

To  find  the  meridional  diftance  »to  any  number  of 
minutes  between  any  of  the  whole  degrees  in  the  table, 
as  for  inllance  in  the  parallel  of  48°  26';  take  out  the 
tabular  diiiances  for  the  two  wdiole  degrees  between 
which  the  parallel  or  the  odd  minutes  lie,  as  for  48® 
and  49°  ; fubtradf  the  one  from  the  other,  and  take  the 
proportional  part  of  the  remainder  for  the  odd  minutes, 
by  multiplying  it  by  thofe  minutes,  and  dividing  by 
60  ; and  laltly,  fubtradt  this  proportional  part  from 
the  greater  tabular  number.  Thus, 

Lat.  48^  - - 40*  1 5 

Lat.  49.  - - 39*36 


As  60'  : 26' 


o'79  rem,  : o>34 
26 


474 

60  ) 20'54 


Taken  from 


0*34  pro.  part 
40*15  for  lat.  48® 


Leaves  merid.  dlft,  39*81  for  lat.  48®  26' 

And,  in  like  manner,  by  the*  counter  operation,  to 
find  what  latitude  anfwcrs  to  a given  meridional  difiance. 
As,  for  ex.  in  what  latitude  46*08  miles  anfwer  to  a 
degree  of  longitude. 


From  46*63  for  39° 
Take  45*96  for  40’° 


Then  as  0 67  ; 60'  : ; 


from  46*63  for  39® 
take  46*08  given  number. 

0*55  : 49' 

60 

67  ) 3300 


49'  pro.  part. 


Therefore  the  latitude  fought  is  39°  49'. 

£x.  3.  Given  the  latitude  and  meridional  difiance  ; 
to  find  the  correfponding  dilference  of  longitude.  As, 
if’  a {flip,  in  latitude  53°  36',  and  longitude  10°  18 
eafi,  fail  due  weft  236  miles ; required  her  prefent  lon- 
gitude. 

Here,  by  the  firfi  rule, 

As  cof.  lat.  53°  36'  comp,  0*22664 
To  radius  - 90  00  - - io'ooooo 

fSo  merid. difi.  236  m.  - 2*37291 


To  difP.  long,  397*7 


2*59955 


Its  60th  gives  6®  38'W.  dilr.  long. 

Taken  from  10  18  E,  long,  from 


Leaves 


3 40  E.  long,  come  to. 


By  the  table  ; the  length  of  a degree  on  parallel 
of  53^  36' is  35*6.  • 


Then  as  35*6  ; 60  : : 236  : 397'7>  the  diff.  of  long, 
the  fame  as  before. 

Middle-latitude  Sailing,  is  a method  of  refolving 
the  cafes  of  globular  Sailing  by  means  of  the  middle 
latitude  between  the  latitude  departed  from,  and  that 
come  to.  This  method  is  not  quite  accurate,  being 
only  an  approximation  to  the  truth,  and  it  makes  ufe 
of  the  principles  of  plane  Sailing  and  parallel  Sailing 
conjointly. 

The  method  is  founded  on  the  fuppofition  that  the 
departure  is  reckoned  as  a meridional  diftance  in  that 
latitude  vrhich  is  a middle  parallel  between  the 'latitude 
failed  from,  and  the  latitude  come  to.  And  the  method 
is  not  quite  accurate,  becaufe  the  arithmetical  mean,  or 
half  fum  of  the  cofines  of  two  dillant  latitudes,  is  not 
cxadtly  the  cofine  of  the  middle  latitude,  or  half  the 
fum  of  thofe  latitudes ; nor  is  the  departure  between 
two  places,  on  an  oblique  rhumb,  equal  to  the  meri- 
dional diftance  in  the  middle  latitude:  as  is  prefumed  in 

* A. 

this  method.  Yet  when  the  parallels  are  near  the  equa- 
tor, or  near  to  each  other,  in  any  latitude,  the  error  is 
not  conlidcrable. 

This  method  feems  to  have  been  invented  on  account 
of  the  eafy  manner  in  which  the  feveral  cafes  may  be 
refolved  by  the  traverfe  table,  and  when  a table  of 
meridional  parts  is  wanting.  The  computations  depend 
on  the  following  rules  ; 

1.  Take  half  the  fum,  or  the  arithmetical  mean,  of 
the  two  given  latitudes,  for  the  middle  latitude.  Then, 

2.  As  cofine  of  middle  latitude, 

Is  to  the  radius  ; 

So  Is  the  departure, 

To  the  diff.  of  longitude.  And, 

3.  As  cofinc  of  middle  latitude, 

Is  to  tlic  tangent  of  the  courfe  ; 

So  is  the  difference  of  latitude, 

To  the  difference  of  longitude. 

Mercator's  Sailing,  is  the  art  of  refolving  the  fc- 
vcral  cafes  of  globular  Sailing,  by  plane  trigonometr)", 
with  the  affiflance  of  a table  of  meridional  parts,  or  of 
logarithmic  tangents.  And  the  computations  are  per- 
formed by  the  following  rules ; 

1.  As  meridional  diff  lat. 

To  diff.  of  longitude  ; 

So  is  the  radius, 

I’o  tangent  of  the  courfe. 

1 

2.  As  the  proper  diff  lat. 

the  departure  ; 

80  is  merid.  diff.  lat. 

To  diff.  of  longitude. 

3.  As  diff.  log.  tang,  lialf  colatitudes,  ' 

To  tang,  of  51°  38^09"; 

So  is  a given  diff.  longitude, 

To  tangent  of  the  courfe. 

The  manner  of  working  with  the  meridional  parts 
nnd  logarithmic  tangents,  will  appear  from  the  two  fol- 
lowing cafes. 

I.  Given  the  latitudes  of  tw’’o  places  ; to  find  their 
meridional  difference  of  latitude. 

By  the  MeruU  Parts*  When  the  pLcea  .are  both  on 

the 
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t.he  fame  fide  of  the  equator,  take  the  difference  of  the 
men'dional  parts  anfvvering  to  each  latitude  ; but  when 
the  places  arc  on  oppofite  lides  of  the  equator,  take  the^ 
film  of  the  fame  parts,  for  the  meridional  diiterence  ot 
latitude  fought. 

By  the  Log,  Tangents,  In  the  former  cafe,  take  the 
difference  of  the  long,  tangents  of  the  halt  colaci- 
tudcs;  but  in  the  latter  cafe,  take  the  fum^  of  the 
lame ; then  the  faid  difference  or  fum  divided  by 
12  63,  will  give  the  meridional  difference  of  latitude  , 
fought. 

2.  Given  the  latitude  of  one  place,  and  the  meri- 
dional  difference  of  latitude  between  that  and  another 
place  ; to  find  the  latitude  of  this  latter  place. 

By  the  Merid.  Parts,  When  the  places  have  like 
names,  take  the  fum  of  the  merid.  parts  of  the  given 
lat.  and  the  given  ditf.  ; but  take  the  difference  between 
the  fame  when  they  have  unlike  names  5 then  the  refuiti 
being  found  in  the  table  of  meridional  parts,  will  give 
the  latitude  fought. 

By  the  Log.  Tangents.  Multiply  the  given  raeri- 
illonal  diff.  of  lat.  by  12*53  > former  cafe 

fubtradf  the  prodiidfrom  the  log.  tangent  of  the  given 
half  colatitude,  but  in  the  latter  cafe  add  them  ; then 
feek  the  degrees  and  minutes  anfwering  to  the  re- 
fult  among  the  log.  tangents,  and  thefe  degrees,  &c. 
doubled  will  be  the  colatitude  fought. 

Circular  Sailing,  or  Great-circle  Sailing,  is  the 
»rt  of  finding  what  places  a fhip  muft  go  through,  and 
what  courfes  to  fleer,  that  her  track  may  be  in  the  arc 
of  a great  circle  on  the  globe,  or  nearly  fo,  palling 
through  the  place  failed  from  and  the  place  bound  to. 

This  method  of  Sailing  has  been  propofed,  becaufe 
the  fhortefl  di fiance  between  two  places  on  the  fphere, 
is  an  arc  of  a great  circle  intercepted  between  them, 
and  not  the  fpiral  rhumb  paffing  through  them,  unlefs 
when  that  rhumb  coincides  with  a great  circle,  which 
«an  only  be  on  a meridian,  or  on  the  equator. 

As  the  folutions  of  the  cafes  in  Mercator’s  Sailing 
are  performed  by  plane  triangles,  in  this  method  of 
Sailing  they  arc  refolved  by  means  of  fpherical  tri- 
angles. A great  variety  of  cafes  might  be  here  pro- 
pofed, but  thofc  that  are  the  moll  ufeful,  and  moil 
commonly  occur,  pertain  to  the  following  problem. 

problem  I.  Given  the  latitudes  and  longitudes  of 
two  places  on  the  earth  ; to  find  their  nearell  diflance 
on  the  furface,  together  with  the  angles  of  pofitioa 
Tom  either  place  to  the  other. 

This  problem  comprehends  6 cafes. 

Cafe  I.  When  the  two  ^places  lie  under  the  fame 
Wieridian  ; then  their  difference  of  latitude  will  give 
their  diflance,  and  the  pofition  of  one  from  the  other 
will  be  dlredlly  north  andfouth. 

Cafe  2.  When  the  two  places  lie  under  the  equator  ; 
their  diflance  is  equal  to  their  difference  of  longitude, 
and  the  angle  of  pofition  is  a right  angle,  or  thecourfe 
{^rom  one  to  the  other  is  due  eafi  or  well. 

Cafe  5.  When  both  places  are  in  the  fame  parallel  of 
latitude.  Ex.gr.  The  places  both  in  37°  north,  but 
the  longitude  of  the  one  25*^  weft,  and  of  the  other 
76°  if  weft. 

Let  P denote  the  north  pole,  and  A and  B,the 
t^o  places  on  the  fame  parallel  BDA,  alfo  BIA 
their  diftance  afueder,  or  the  arc  of  a great  circle 


paffuig  through  them.  Then 
is  the  angle  A or  B that  of 
pofition,  and  the  angle  BPA 
~ if  the  difference  of 

longitude,  and  the  fide  PA  or 
PB  = the  colatitudc. 

Draw  PI  perp.  to  AB,  or 
bifedling  the  angle  at  P. 

Then  In  the  triangle  API,., 
right-angled  at  I,  are  given 
the  hypotenufe  AP  rr  53°,  and'  the  angle  API  zzr 
25°  4T30''';  to  find  the  angle  of  pofition  A or 
B ••=  73*^  5 b;  3nd  the  half  diflance  AI  =.  20.^ 
15^^  ; this  doubled  gives  40°  31^  for  the  whole  diflance 
AB,  or  2431  nautical  miles,  which  is.  31.  miles  lefs 
than  the-  diflance  along  ADB,„or  by  parallel  SalB 
ing. 

Cafe  4.  When  one  place  has  latitude,  and  the  other 
has  none,  or  is  under  the  equator.  For  example,  fup- 
pofe  the  Iflaiid  of  St.  Thomas,  lat.  0°,  and  long., 
o'  call,  and  Port  St.  Julian^  in  lat.  48^  51'  fouth,. 
and  long.  lo'  wefL 

Port  St.  Julian,  lat.  48'^  31'  S.  . » long.  65°  lo'W, 
Ifle  St.  Thomas  - 000  ----  lOoE 


Julian’s  41  0.9  DIff*  long.  66  10^ 


P 


Hence, df  S denote  the  fouth 
pole,  A the  life  St.  Thomas  at 
the  equator,  and  B St.  Julian 4 
then  in  the  triangle  are  given 
Si\  a quadrant  or  90°,  BS 
rz  41°  9'  the  colat.  of  St.  Ju- 
lian, and  the  Z.S  = 66°  10^ 
the  dif.  of  longitude  ; to  find 
AB  = 74°  35'  = 4475  miles,, 
which  is  lefs  by  57  miles  than 
the  diflance  found  by  Mercator’^s 

Sailing;  alfo  the  angle  of  pofition  at  A = 5i°22^,  and 
the  angle  of  pofition  B = io8:°‘24'. 

Cafe  5.  When  the  twm  given  places  are  both  on  the 
fame  fide  of  the  equator  ; for  example  the  Lizard,  and 
the  Ifland  of  Bermudas. 

The  Lizard,  lat.  49°  37 ^N. 

Bermudas,  32  35  N. 


long.  5°  2 D W. 
. 63  32  W. 


58 


Here,  if  P be  the  north  pole, 

L the  Lizard,  and  B Bermudas  ; 
there  are  given, 

PL  = 40°  03 ’'colat.  of  the  Lizard, 

PB  —3725  colat.  of  Bermudas, 

Z.P  = 58  II  diff.  of  longitude  j 
to  find  BL  = 45°  44  2744 

miles  the  diflance,  and 
/.  of  pofition  B =:  49°  27’,  alfo 
Z.  of  pofition  L = 90°  316 

Cafe  6.  When  the  given  places  lie  on  different  fides^ 
of  the  equator;  as  fuppofe  St.  Helesia  and  Bermudas. 
Hci-e 

PB 
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?B  = 57®  25^  polar  dift.  Ber- 
mudas, 

PK  = 105  55  polar  dill.  St. 

Helena, 

Z.P  = 57  43  diff.  long, 
o find  BH  = 73°  zb’  — 4406 
miles,  the  diftance,  alfo  the  angle 
of  pofition  H = 48°  o^,  and  the 
Biigle  of  pofiiion  B ~ 121®  59^ 

From  the  folutions  of  the  fore- 
going cafes  it  appears,  that  to  fall 
on  the  arc  of  a great  circle,  the  (liip  irnifl  continually 
alter  her  courfe  ; but  as  this  is  a difficulty  too  great  to 
be  admitted  into  the  pra(!vlice  of  navigation,  it  has  been 
thought  fuflicientiy  exadl  to  effedl  this  bufinefs  by  a 
kind  of  approximation,  that  is,  by  a method  which 
nearly  approaches  to  the  failing  on  a great  circle  : 
namely,  upon  this  principle,  that  in  fmall  arcs,  the^ 
difference  betvreen  the  arc  and  its  chord  or  tangent  is 
fo  fmall,  that  they  may  be  taken  for  one  another  in  any 
nautical  operations:  and  accordingly  it  is  fuppofed  tliat 
the  great  circles  on  the  earth  are  made  up  of  fhort 
right  lines,  each  of  which  is  a fegment  of  a rhumb 
line.  On  this  fuppofition  the  folutlon  of  the  following 
problem  is  deduced. 

Problem  II.  Having  given  the  latitudes  and  longi- 
tudes of  the  places  failed  from  and  bound  to  ; to  find 
the  fuccelfive  latitudes  on  the  arc  of  a great  circle  in 
thofe  places  where  the  alteration  in  longitude  fhall  be  a 
given  quantity  ; together  with  the  courfes  and  dillanccs 
between  thofe  places, 

3.  Find  the  angle  of  pofition  at  each  place,  and 
their  diilance,  by  one  of  the  preceding  cafes. 

2.  Find  the  greatell  latitude  the  great  circle  runs 
through,  i.  e.  find  the  perpendicular  from  the  pole  to 
that  circle  ; and  alfo  find  the  fevcral  angles  at  the  pole, 
made  by  the  given  alterations  of  longitude  between 
this  perjrendicular  and  the  fucceflive  meridians  come  to. 

3.  With  this  perpendicular  and  the  polar  angles 
feverally,  find  as  many  correfpotiding  latitudes,  by 
faying,  as  radius  : tang,  greatefi  lat.  : : cof.  lit  polar 
angle  : tang,  ift  lat,  : : cof.  2d  polar  angle  : tang,  of 
2d  lat.  &c. 

4.  Having  now  the  feveral  latitudes  pafTcd  through, 
and  the  difference  of  longitude  between  eaeh,  then  by 
Mercator’s  Sallingfind  the  courfes  and  dillances  between 
thofe  latitudes.  And  thefe  are  the  feveral  courics  and 
diftanceg  the  fhip  mull  run,  to  keep  nearly  on  the  arc 
of  a great  circle. 

The  fmaller  the  alterations  In  longitude  a-e  taken, 
the  nearer  will  this  method  approach  to  the  truth  ; but 
it  is  fufRcient  to  compute  to  every  5 degrees  of  dit- 
ference  of  longitude  ; as  the  length  of  an  arc  of  3 de- 
grees differs  from  its  chord,  or  tangent,  only  by  0*002. 

Th-e  track  of  a fiiljr,  when  thus  direcled  nearly  in 
the  arc  of  a great  circle,  may  be  delineated  on  the 
Mercator’s  ohart,  by  marking  on  it,  by  help  of  the 
latitudes  and  longitudes,  tlie  fucceflive  places  where  tfie 
fhip  is  to  alter  her  courfe  ; then  thofe  places  or  points, 
being  joined  by  right  lines,  will  fhew  the  path  along 
which  the  Ihip  is  to  fall,  under  the  propoied  circum- 
llances. 

On  the  fubjecl  of  thefe  articles,  fee  Robertfon’s  Fie- 
ments  of  Navigation,  vol.  2* 
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Sailing,  is  computing  the  cafes  of  navi- 
gation on  the  fuppofition  or  principles  of  the  fpheroidi- 
cal  figure  of  the  earth.  See  Robertfon’s  Navigation, 
vol.  2,  b.  8.  fe£l.  8. 

Sailing,  in  a wore  confined  Jenfe^  is  the  art  of  con- 
dudlirig  a fhip  from  place  to  place,  by  the  working  or 
handling  of  her  fails  and  rudder. 

To  bring  Sailing  to  certain  rules,  M.  Renau  com- 
putes  the  force  of  the  water,  againfl  the  fliip’s  rudder. 
Hern,  and  fide  ; and  the  force  of  the  wind  againfl  her 
fails.  In  order  to  this,  he  firfl  confiders  all  fluid 
bodies,  as  the  air,  water,  as  compofed  of  little 
particle?,  which  when  they  a6l  upon,  or  move  againfl: 
anv  furface,  do  all  move  parallel  to  one  another,  or 
llrike  againfl;  the  furface  after  the  fame  manner.  Se- 
condly, that  the  motion  of  any  body,  with  regard  to 
the  furface  it  ftrlkes,  muff  be  either  perpendicular,  pa- 
rallel, or  oblique. 

From  thefe  principles  he  computes,  that  the  force 
of  the  air  or  vrater,  ftrlking  perpendicularly  upon  a fail 
or  rudder,  is  to  the  force  of  the  fame  ftriking  obliquely, 
in  the  duplicate  ratio  of  radius  to  the  fine  of  the  angle 
of  incidence  : and  confequently  that  all  oblique  forces 
of  the  wind  againfl  the  fails,  or  of  the  water  againfl 
the  rudder,  will  be  to  one  another  in  the  duplicate  ratio 
of  the  fines  of  the  angles  of  incidence. 

Such  are  the  conclufions  from  theory ; but  it  is  very 
different  In  real  pradlice,  or  experiments,  as  appears 
from  the  tables  of  experiments  inferted  at  the  article 
Resistance. 

Farther,  when  the  different  degrees  of  velocity  are 
confidered,  it  is  alfo  found  that  the  forces  are  as  the 
fquares  of  the  velocities  of  the  movingy  air  or  water 
nearly  ; that  is,  a wind  that  blows  twice  as  fwift,  as 
another,  will  have  4 times  the  force  upon  the  fail  ; 
and  when  3 times  as  fwift,  9 times  the  force,  &c.  And 
it  being  alfo  indifferent,  whether  we  conlider  the  mo- 
tion of  a folid  in  a fluid  at  refl,  or  of  the  fluid  againfl 
the  folid  at  roll  ; the  reciprocal  imprefiions  being  always 
the  fame  ; If  a folid  be  moved  with  different  velocities  in 
the  fame  fluid  matter,  as  water,  the  different  refiflances 
which  it  v/ill  receive  from  that  wrater,  wall  be  in  the 
fame  proportion  as  the  fquares  of  the  velocities  of  the 
moving  body. 

He  then  applies  tliefe  principles  to  the  motions  of  a 
fliip,  both  forwards  and  fideways,  through  the  water, 
when  the  wind,  w'lth  certain  velocities,  fl-rikes  the  fails 
in  various  pofitlons.  After  this,  the  author  proceeds 
to  dcmonltrate,  that  the  beft  pofition  or  fituation  of  a 
flilp,  fo  as  fne  may  make  the  lead  lee-w’ay,  or  fide 
motion,  but  go  to  windward  as  much  as  poffible,  is 
this  : that,  let  the  fail  have  what  fituation  It  will,  the 
fliip  be  always  in  a line  bifedliiig  the  complement  of 
the  wind’s  angle  of  incidence  upon  the  fail.  'Fhat  i?, 
fuppofing  the  fail  in  the  po- 
fition BC,  and  the  wind  blow- 
ing from  A to  B,  and  confe- 
qiiently  the  angle  of  the  wind’s 
incidence  on  the  lad  is  ABC, 
the  complement  of  wdiich  is 
CBE  : then  mull  the  fliip  be 
put  in  the  pofition  BK,  or 
move  in  the  line  BL,  bifedting 
the  2I  CBE. 
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He  fnews  farther,  that  the  angle  which  the  fail 
ought  to  make  with  the  wind,  i,  e.  the  angle  ABO, 
ought  to  be  but  24  degrees  ; that  being  tlse  moit 
advantageous  fituatioii  to  go  to  windward  the  molt  pof- 
fible. 

To  this  might  be  added  many  curious  particulars 
from  Borelii  de  Vi  Perciiflionis,  concerning  the  differ 
rent  dirediens  given  to  a veflel  by  the  rudder,  wlien 
failing  with  a wind,  or  floating  without  fails  in  a cur- 
rent ; in  the  former  cafe,  the  head  of  the  fliip  always 
coming  to  the  rudder,  and  in  the  latter  always  flying 
off  from  it ; as  alio  from  Euler,  Boupyuer,  and  Juan, 
W'ho  have  all  wnitten  learnedly  on  this  iubjedi. 

SALIAN'F,  in  Fortification,  is  faid  of  an  angle 
that  projects  its  point  outwards  ; in  oppofltion  to  a re- 
entering angle,  w'hich  has  its  point  turned  iiiw'ards. 
In  (lances  of  botli  kinds  of  tliefe  we  have  in  tenailles 
and  ilar-vvorks. 

SALON,  or  Saloon,  in  Architecture,  a grand, 
lofty,  fpacious  fort  of  hall,  vaulted  at  top,  and  nfually 
comprehending  two  ftories,  with  tw^o  ranges  of  win- 
dows. it  is  fometimes  bnik  fquare,  foraetimes  round 
or  oval,  fometimes  oCtagonal,  as  at  Marly,  and  fome- 
times in  other  forms. 

SAP,  or  Sapp,  in  Building,  as  to  fap  a wall,  &'c, 
2S  to  dig  out  the  ground  from  beneath  it,  fo  as  to  bring 
it  down  all  at  once  for  want  of  fupport. 

Sap,  In  the  Military  Art,  denotes  a work  carried  on 
undercover  of  gabions  and  fafcines  on  the  flank,  and 
mantlets  or  '(luffed  gabions  on  the  front,  to  gain  the 
defeent  of  a ditch,  or  ^he  like. 

It  is  performed  by  digging  a deep  trench,  defeend- 
ing  by  ileps  from  top  to  bottom,  under  a corridor, 
carrying  it  as  far  as  the  bottom  of  the  ditch,  w^hen 
that  is  dry  ; or  as  far  as  the  furface  of  the  water,  wdien 
w^et. 

SVROS,  in  Chronology,  a period  of  223  lunar 
months.  The  etymology  of  the  word  is  faid  to  be 
Chaldean,  fignifying  rekitution,  or  return  of  eclipfes ; 
that  is,  conjunAions  of  the  fun  and  moon  in  nearly  the 
fame  place  of  the  ecliptic.  The  Saros  w^as  a cycle 
like  to  that  of  Meto. 

SARRASIN,  or  Sarrazin,  in  Fortification,  a 
kind  of  port-cullis,  otherwife  called  a heife,  which 
is  hung  w'^itli  ropes  over  the  gate  of  a town  or  fortrefs, 
to  be  let  fail  in  cafe  of  a furprife. 

SATELLITES,  in  Aftronomy,  are  certain  fecon- 
dary  planets,  moving  round  the  other  planets,  as  the 
moon  does  round  the  earth.  They  are  fo  calied  be- 
cauie  always  found  attending  them,  from  rifing  to 
fetting,  and  making  the  tour  about  the  fun  together 
y^ith  them. 

B he  words  moon  and  Satellite  are  fometimes  ufed 
•indifferently  : thus  we  fay,  either  Jupiter*s  moons,  or 
Jupiter’s  Satellites  ; but  ufually  we  diflinguifh,  reflraln- 
ing  the  terra  moon  to  the  earth’s  attendant,  and  apply- 
ing the  term  Satellite  to  the  little  moons  more  recently 
djfcovered  about  Jupiter;  Saturn,  and  the  Georgian 
planet,  by  the  affidance  of  the  telefcope,  which  is  ne- 
ceffary  to  render  them  vifiblc. 


O '] 

The  Satellites  move  round  their  primary  planets,,  as 
their  centres,  by  the  fame  law^s  as  thofe  primary  ones  do 
round  their  centre  the  fun  ; viz,  iri  firch  manner  that, 
in  the  Satellites  of  the  lame  planet,  the  fquares  of  the 
pe 'Iodic  times  are  proportional  to  the  cubes  of  their 
di.kances  from  the  primary  planet.  For  the  phyfical 
caufe  of  their  motions,  fee  Gravity.  See  alfo  Pla- 
nets. 

We  know  not  of  any  Satellites  befide  thofe  above 
mentioned  , what  other  difeoveries  may  be  made  by 
farther  improvements  in  teiefcopes,  time  only  can  bring 
to  light. 

Satellites  of  yupiter.  There  are  are  four  little 
moons,  or  fecondary  planets  now  known  performing 
their  evolutions  about  Jupiter,  as  that  planet  does  about 
the  Sun. 

Simon  Marius,  mathematician  of  the  eleAor  of 
Brandenburg,  about  the  end  of  November  1609,  ob- 
ferved  three  little  ffars  moving  round  Jupiter’s  body, 
and  proceeding  along  with  him  ; and  in  January  1610, 
he  found  a 4th.  In  January  i6io  Galileo  alfo  obferved 
the  fame  in  Italy,  and  in  the  fame  year  publlfhed  his 
obfervations.  Thefe  Satellites  were  alfo  obferved  in 
the  fame  month  of  January  1710,  by  Thomas  Harriot, 
the  celebrated  author  of  a work  upon  algebra,  and  wlio 
made  conftant  obfervations  of  thefe  Satellites,  from 
that  time  till  the  26th  of  February  1612  ; as  appears 
by  his  curious  aftronomical  papers,  lately  difeovered  by 
Dr.  Zach,  at  the  feat  of  the  earl  of  Egremont,  at 
Petworth  in  Suffex. 

One  Antony  Maria  Schyrl^iis  di  Reita,  a capuchin 
of  Cologne,  imagined  that,  befides  the  four  known 
Satellites  of  Jupiter,  he  had  difeovered  five  more,  on 
December  29,  1642.  But  the  obfervation  being  com- 
municated to  Gaffendus,  who  had  obferved  Jupiter  on 
the  fame  day,  he  foon  perceived  that  the  monk  had 
miftaken  five  fixed  ffars,  in  the  effufion  of  the  water  of 
Aquarius,  marked  in  Tycho’s  catalogue  24,  25,  26, 
27,  2S,  for  Satellites  of  Jupiter, 

When  Jupiter  comes  into  a line  between  any  of  his 
Satellites  and  the  fun,  the  Sr^ellite  difappears,  being 
then  eclipfcd,  or  involved  in  'his  '(hadow.—When  the 
Satellite  goes  behind  the  body  of  Jupiter,  wdthrefpeA 
to  an  obferver  on  the  earth,  it  is  then  faid  to  be  oc- 
cuheJy  being  hid  from  our  fight  by  his  body,  whether 
in  his  (hadow  or  not.-~And  when  the  Satellite  comes 
into  a pofilion  between  Jupiter  and  the  Sun,  it  caffs  a 
ftiadow  upon  the  face  of  that  planet,  which  we  fee  as 
an  obfeure  round  fpot.—And  laftly,  when  the  Satellite 
comes  into  a line  between  Jupiter  and  us,  it  is  faid  to 
tranfit  the  dife  of  the  planet,  upon  which  it  appears  as 
a round  black  fpot. 

The  periods  or  revolutions  of  Jupiter’s  Satellites, 
are  found  out  from  their  conjunAions  with  that  planet  i 
after  the  fame  manner,  as  thofe  of  the  primary  planets 
are  difeovered  from  their  oppolitions  to  the  fun.  And- 
their  diffances  from  the  body  of  Jupiter,  are  meafured 
by  a micrometer^  and  effimated  in  iemidlameters  of  that 
planet,  and  thence  in  miles. 

By  the  lateff  and  mofl;  exaA  obfervations,  the  perio- 
dical liiTies  and  diffances  of  thefe  Satellites,  and  the 
angles  under  wliich  their  orbits  are  feen  from  the  earth, 
at  its  mean  diffance  from  Jupiter,  are  as  below  : 

Satel- 
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The  edipfes  of  the  Satellites,  efperiAlly  of  thofc  of 
Jupiter,  are  of  very  great  u fie  in  ahronom^r.  Firil,in 
det-ermining  pretty  exadly  the  diftance  of  Jupiter  fi  (.m 
the  eartli.  _ A fecond  advantage  llill  more  coni'iderabley 
^vh'ch  is  drawn  from  thefe  eclipfes,  is  the  proof  whicli 
they  give  of  the  progreffivc  motion  of  light,  it  is 
demondrated  by  thefe  ecliDfcs,  tliat  lia’ht  does  not 
come' to  ns  in  an  inllant,  as  the  Cartefans  pretended, 
alth-ongh  its  motion  is  extremely  rapid.  For  if  the 
motion  of  light  wyre  inhnite,  or  came  to  ns  in  an  in- 
flant,  it  is  evident  that  we  fliould  fee  the  commence- 
ment of  an  eclipfe  of  a Satellite  at  the  fame  moment,  at 
whatever  didance  we  might  be  from  it ; but,  on  the 
contrary,  if  light  move  progreiTively,  then  it  is  as  evi- 
dent, that  the  farther  we  are  from  a planet,  the  later 
we  fliall  be  in  feeing  the  moment  of  its  eclipfe,  bccaufe 
the  light  will  take  up  a longer  time  in  arriving  at  us  ; 
and  fo  it  is  found  in  fad  to  happen,  the  eclipfes  of  thefe 
Satellitesappearing  always  later  and  later  tlian  the  true 
computed  times,  as  the  earth  removes  farther  and  far- 
ther from  the  planet.  When  Jupiter  and  the  earth  are 
nt  their  neared  dillance,  being  in  conjunclion  both  on 
the  fame  dde  of  the  fun,  then  the  eclipfes  are  fecn  to 
happen  the  fooned  ; and  when  the  fun  is  diredly  be- 
tween Jupiter  and  the  earth,  they  are  at  their  greated 
diftance  afunder,  the  didance  being  more  than  before  by 
the  whole  diameter  of  the  earth’s  annual  orbit,  or  hy 
double  tlie  earth’s  didance  from  the  fim,  then  the  eclipfes 
are  feen  to  happen  the  lated  of  any,  and  later  than  before 
by  about  a quarter  of  an  hour.  Hence  therefore  it  follows, 
that  light  takes  up  a quarter  of  an  hour  in  travelling  acrofs 
the  orbit  of  the  earth,  or  near  8 miinites  in  paiTing  from 
the  fun  to  the  earth  ; which  gives  us  about  12  millions 
of  miles  per  minute,  or  200,000  milts  per  fccond,  for 
the  velocity  of  light.  A difeovery  that  was  firil  made 
by  M.  Roemer. 

The  third  and  greated  advantage  derived  from  the 
eclipfes  of  the  Satellites,  is  the  knowledge  of  the  lon- 
gitudes of  places  on  the  earth.  Suppofe  two  cbfervers 
of  an  eclipfe,  the  one,  for  example,  at  London,  the 
other  at  the  Canaries;  it  is  certain  that  the  eclipfe  will 
appear  at  the  fame  moment  to  both  obfervers  ; but*  as 
they  arc  fituated  under  different  meridians,  they  count 
different  hours,  being  perhaps  9 o’clock  to  tlie  one, 
when  it  is  only  8 to  the  other;  by  which 'obfeivations 
of  the  true  time  of  tire  eclipfe,  on  communication,  they 
Jin d the  difference  of  their  longitudes  to  be  one  Iroiir  in 
time,  which  anfwers  to  15  degrees  of  longitude. 

Satellites  of  Saturn,  arc  7 little  fccondaiy  pla- 
nets revolving  about  him.  ' ' ' . ‘ 


One  of  them,  v/hich  till  lately  was  reckoned  the  qtk 
in  order  from  Saturn,  was  difeovered  by  iiuygCMS, 

25th  of  March  1655,  by  means  of  a telefcope  12  feet 
long;  and  the  id,  ad,  3d,  and  5th,  at  different  times, 
by  CafTiui  ; viz,  the  5tli  in  Qdlober  1671,  by  a tele- 
fcope of  17  feet;  the  3d  in  December  1672,  by  a tc- 
lefcope  of  Campani’s,  35  feet  long  ; and  tlie  iirft  and 
fecond  in  March  1684,  by  help  of  Campani’s  glaffes, 
of  ICO  and  136  feet.  Finally,  the  6th  and  7th  Sa- 
tellites have  lately  been  diicovered  by  Dr.  Kerfchel, 
with  his  40  feet  reflecting  telefcope,  viz,  the  6tli 
on  the  iqtli  of  Augud  1787,  and  the  7th  on  the 
lyth  of  September  1788.  Thefe  two  he  has  called 
the  6th  and  7ih  Satellites,  though  they  are  nearer  to 
the  planet  Situni  than  any  of  the  former  five,  that 
the  names  or  numbers  of  thefe  might  not  be  mldaken 
or  confounded,  with  regard  to  former  obfervations  of 
them, 

Moreover,  the  great  didance  between  the  4th  and 
5th  Satellite,  gave  occafion  to  Huygens  to  fiifpeCf  that 
there  miglit  be  fome  intermediate  one,  or  elfe  that  the 
5th  might  have  fome  other  Satellite  moving  round  it,  as 
its  centre-  Dr.  Halley,  in  the  Philof.  Tranf.  (numb. 

I 45,  or  Abr.  vol.  I.  pa.  37; ) gives  a correCfion  of  the 
theory  of  the  motions  of  the  4th  or  Huygenian  Satel- 
lite. Its  true  period  he  makes  1 22^‘  41^6". 

The  periodical  revolutions,  and  didances  of  thefe  Sa-; 
tellites  from  the  body  of  Saturn,  exprefl'ed  in  femidia- 
meteis  of  that  planet,  and  in  miles,  are  as  follow. 
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The  four  fird  deferibe  ellipfeslike  to  thofe  of  the  ring, 
and  are  in  the  lame  plane.  Their  inclination  to  the 
ecliptic  is  from  30  to  3 i degrees.  The  5th  deferibesan 
orbit  inclined  from  17  to  18  degrees  with  tlie  orbit  of 
Saturn  ; his  plane  lying  between  the  ecliptic  and  thofe 
of  the  other  Satellites,  &c.  Dr.  Herfcliel  obferjt’cs 
that  the  5th  Satellite  turns  once  round  its  axis  ex- 
actly in  the  tim.e  in  which  it  revolves  about  the  planet 
Saturn  ; in  which  refpcA  it  refcmbles  our  moon,  which 
does  the  lame  thing,  fknd  he  makes  the  angle  of  its 
diflance  from  Saturn,  at  his  mean  didaiice,  17''  2''', 
Philof.  Tranf.  1792,  pa.  22.  See  a long  account  of 
■‘cbfervations  of  thefe  Satellites,  with  tables  of  their 
mean  .motions,  by  Dr.  Herfcliel,  Philof.  Tranf.  1790, 
■pa.  427  &c. 

Satellites  of  the  Georgian  Vianet,  or  Hefchel,  arc 
two  little  inoOns  that  revolve  about  hii'h,  like  thofe  of 
* i Cr  2 ' ‘Jupiter 
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Jupiter  and  Saturn.  Thefe  Satellites  were  dlfcovered 
by  Dr.  Herfchel,  in  the  month  of  January  1787,  who 
gave  an  account  of  them  in  the  Phdof.  1 ranf.  of  that 
year,  pa.  12^  &c  ; and  a ilill  farther  account  of  them 
in  the  voh  for  1788,  pa.  3^4  ^^5  from  which  it 
appears  that  their  fynodical  periods,  and  angular  dif* 
lances  from  their  primary  , are  as  follow  : 
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The  orbits  of  thefe  Satellites  are  nearly  perpendicu- 
lar to  the  ecliptic  ; and  in  magnitude  they  are  probably 
not  lefs  than  thofe  of  Jupiter. 

Satellite  Venus,  Caffini  thought  he  faw  one, 
and  Mr.  Short  and  other aftrouomers  have  fufpe(£fed  the 
fame  thing.  (HIft.de  PAcad.  1741,  Philof.  Traiif. 
numb.  459).  But  the  many  fruitlefs  fearches  that  have 
been  fmce  made  to  difcover  it,  leave  room  to  fufped 
that  it  has  been  only  an  optical  illufton,  formed  by  the 
glaftes  of  tekfcopes ; as  appears  to  be  the  opinion  of 
F,  Hell,  at  the  end  of  his  Ephemeris  for  1766,  and 
Bofcovich,  in  his  5th  Optical  Diftertatlon.^ 

Neither  has  it  been  dlfcovered  that  either  of  the 
other  planets  Mars  and  Mercury  have  any  Satellites  re- 
volving about  them. 

SATURDAY,  the  7th  or  laft  day  of  the  week,  fo 
called,  as  fome  have  fuppofed,  from  the  idol  Sealer, 
worfhipped  on  this  day  by  the  ancient  Saxons,  and 
thought  to  be  the  fame  as  the  Saturn  of  the  Latins.  In 
aftronomy,  every  day  of  the  week  is  denoted  by  fome 
one  of  the  planets,  and  this  day  is  marked  with  the 
planet  \ Saturn*  Saturday  anfwers  to  the  Jewifti 
labbath. 

SATURN,  one  of  the  primary  planets,  being  the 
6th  in  order  of  diftance  from  the  fun,  and  the  outermoft 
of  all,  except  the  Georgian  planet,  or  Herfchel,  lately 
dlfcovered  ; and  is  marked  with  the  charaffer  b > de- 
noting an  old  man  fupporting  himfelf  with  a ftaff,  re- 
prefenting  the  ancient  god  Saturn. 

Saturn  Ihines  with  but  a feeble  light,  partly  on  ac- 
count of  his  great  diftance,  and  partly  from  its  dull  red 
colour.  This  planet  is  perhaps  one  of  the  moft  eii- 
gaging  objeCls  that  allronomy  ofters  to  our  view  ; it  is 
lurrounded  with  a double  ring,  one  witnout  the  other, 
and  beyond  thefe  by  7 Satellites,  all  in  the  plane  of  the 
ring's  ; the  rings  and  planets  being  all  dark  and  denfe 
bodies,  like  Saturn  himfelf,  thefe  bodies  calling  their 
ftiadows  mutually  one  upon  another ; though  the  re- 
illeded  light  of  the  rings  is  ufually  brighter  than  that  of 
the  planet  itfclf. 

Saturn  has  alfo  certain  obfeure  zones,  or  belts,  ap- 
pearing at  times  acrofs  his  dife,  like  thofe  of  Jupiter, 
which  are  changeable,  and  are  probably  obfeurations  in 
hrs  atmofphere.  Dr.  Herfchel,  Philof.  Xranf.  I79'^» 
ftiews  that  Saturn  has  a denfe  atmofphere;  that  he 
revolves  about  an  axis,  which  is  perpendicular  to  the 
plane  of  the  rings  ; that  his  figure  is,  like  the  other 
planets,  the  oblate  fpheroid,  being  flatted  at  the 
poke,  the  polar  diameter  being  to  the  ec^uatorial  one 


as  ro  to  I r ; that  his  ring  has  a motion  of  rotation  in  ' 
its  own  plane,  its  axis  of  motion  being  the  fame  as  that 
of  Saturn  himfelf,  and  its  periodical  time  equal  to 
10^  32'  See  alfo  Ring,  and  Satellite. 

Concerning  the  difeovery  of  the  ring  and  figure  of 
Saturn  ; we  find  that  Galileo  firft  perceived  that  his 
figure  is  not  round  : but  Huygens  fiiewed,  in  his  Syf- 
teraa  Saturniana  1659,  that  this  was  owing  to  the  po- 
fitions  of  his  ring  ; for  his  fpheroidical  form  could  only 
be  feen  by  HerfeheFs  telcfcope  ; though  Indeed  Caffini, 
in  an  obfervation  made  June  19,  1692,  faw  the  oval  fi- 
gure of  Saturn’s  fliadow  upon  his  ring. 

Mr.  Bugge  determines  (Philof.  Tranf.  1787,  pa.  42) 
the  heliocentric  longitude  of  Saturn’s  defeending  node 
to  be  9*  21°  5'  ; and  that  the  planet  was  in  that 

node  Aiiguft  21,  1784,  at  18’"  20'  time  at  Co- 
penhagen. 

The  annual  period  of  Saturn  about  the  fun,  is 
10759  days  7 hours,  or  almoft  30  years  ; and  his  dia- 
meter is  about  6 /000  miles,  or  near  8^  times  the  dia- 
meter of  the  earth  ; alfo  his  diftance  is  about  9^  times 
that  of  the  earth.  Hence  fome  have  concluded  that 
his  light  and  heat  are  entirely  unfit  for  rational  inhabi- 
tants, But  that  their  light  is  not  fo  weak  as  we  ima- 
gine, is  evident  from  their  brightnefs  in  the  night  time. 
Befides,  allowing  the  fun’s  light  to  be  45000  times  as 
ftrong,  with  refpedf  to  us,  as  the  light  of  the  moon 
wdien  full,  the  fun  will  afford  500  times  as  much  light 
to  Saturn  as  the  full  moon  does  to  us,  and  1600  times 
as  much  to  Jupiter.  So  that  thefe  two  planets,  even 
without  any  moon,  would  be  much  more  enlightened 
than  we  at  firft  imagine  ; and  by  having  fo  many,  they 
may  be  very  comfortable  places  of  refidence.  Their 
heat,  fo  far  as  it  depends  on  the  force  of  the  fun’s  rays, 
is  certainly  much  lefs  than  ours  ; to  w^hich  no  doubt 
the  bodies  of  their  inhabitants  are  as  w^ell  adapted  as 
ours  are  to  the  leafons  w'e  enjoy..  And  if  it  be  confi- 
dered  that  Jupiter  never  has  any  winter,  even  at  his 
poles,  which  probably  is  alfo  the  cafe  with  Saturn,  the 
cold  cannot  be  fo  intenfe  on  thefe  two  planets  as  is  ge- 
nerally imagined.  To  this  may  be  added,  that  there 
may  be  fomething  in  the  nature  of  their  mould  warmer 
than  in  that  of  our  earth  ; and  we  find  that  all  our 
heat  does  not  depend  on  the  raysof  the  fun  ; for  if  it 
did,  we  Oioiild  always  have  the  fame  months  equally  hot 
or  cold  at  their  annual  return,  which  is  very  far  from 
being  the  cafe. 

See  the  articles  Planet,  Period,  Ring,  Satel- 
lite. 

SAUCISSE,  in  Artillery,  a long  train  of  powder 
inclofed  in  a roll  or  pipe  of  pitched  doth,  and  fome- 
times  of  leather,  about  2 inches  in  diameter  ; ferving 
to  fet  fire  to  mines  or  caiffons.  It  is  ufually  placed  in 
a wooden  pipe,  called  an  auget,  to  prevent  its  growing 
damp. 

Saucisson,  In  Fortification,  a kind  of  faggot,  made 
of  thick  branches  of  trees,  or  of  the  trunks  of  Ihrubs, 
bound  together  ; for  the  piirpofe  of  covering  the  men, 
and  to  ferve  as  epaulemenrs^  and  alfo  to  repair  breaches, 
ftop  paffages,  make  traverfes  over  a wet  ditch,  &c. 

The  Sauciifon  differs  from  the  fafeine,  which  is  only 
made  of  fmall  branches  ; and  by  its  being  bound  at 
both  ends,  and  in  the  middle. 

SAVILLE  (SirMiENRY),  a very  learned  Enghfti- 

man* 


S A U 


C 413  ] 


S A V 

mtin,  the  fecond  fon  of  Henry  Savllle,  Efq.  was  born 
at  Bradley,  near  Halifax,  in  Yorklbire,  November  the 
30th,  1549.  He  was  entered  of  Merton-college,  Ox- 
ford, in  1561,  where  betook  the  degi;rees  in  arts,  and 
was  chofen  fellow.  When  he  proceeded  maker  of  arts 
in  I S' 70,  he  read  for  that  degree  on  the  Almagell:  of 
Ptolomy,  which  procured  him  the  reputation  of  a man 
eminently  (killed  in  mathematics  and  the  Greek  lan- 
guage ; in  the  former  of  which  lie  voluntarily  read  a 
public  lecture  in  the  univerfity  for  fome  time. 

In  he  travelled  into  France  and  other  countries  ; 
where,  diligently  improving  himfelf  in  all  ufeful  learn- 
ing, in  languages,  and  the  knowledge  of  the  world,  he 
became  a mod  accompliihed  gentleman.  At  his  return, 
he  was  made  tutor  in  the  Greek  tongue  to  queen  Eliza- 
beth, who  had  a great  ekeem  and  liking  for  him. 

In  I ^8  she  was  made  warden  of  Merton-college, 
which  he  governed  kx-and-thirty  years  with  great  ho- 
nour, and  improved  it  by  all  the  means  in  his  power. — 
In  l he  was  choien  provoft  of  Eton-college  ; which 
he  filled  with  many  learned  men. — James  the  Firk, 
upon  his  accekion  to  the  crown  of  England,  expreffed 
a great  regard  tor  him,  and  would  have  preferred  him 
either  in  cliurch  or  date  ; but  Saville  declined  it,  and 
only  accented  the  ceremony  of  knighthood  from  the 
king  at  Windfor  in  1604.  His  only  fon  Henry  dying 
about  that  time,  he  thenceforth  devoted  his  fortune  to 
the  promoting  of  learning.  Among  other  things,  in 
1619,  he  founded,  in  the  univerfity' cf  Oxford,  two 
leHures,  or  profekorkiips,  one  in  geometiy,  the  other 
in  akronomy  ; which  he  endowed  with  a falary  of  160I. 
a year  each,  befides  a legacy  of  600I,  to  purchafe  mure 
lands  for  the  fame  ufe.  He  alfo  furnifhed  a library 
with  mathematical  books  near  the  mathematical  fchool, 
for  the  ufe  of  his  profekbrs  ; and  gave  lool.  to  the 
mathematical  chek  of  his  own  appointing  : adding  af- 
terwards a legacy  of  40L  a year  to  the  fame  cheU,  to 
the  univerfity,  and  to  his  profefTors  jointly.  He  like- 
wife  gave  120I.  towards  the  new-building  of  the  fchools, 
befide  ieveral  rare  manuferipts  and  printed  books  to  the 
Bodleian  library  ; and  a good  quantity  of  Greek  types 
to  the  printing-prefs  at  Oxford. 

After  a life  thus  fpent  In  the  encouragement  and 
promotion  of  fcience  and  literature  in  general,  he  died 
at  Eton-college  the  19'h  of  February  ibzz,  in  the 
73d  year  of  his  age,  and  was  buried  in  the  chapel 
there.  On  tins  occafion,  the  univerfity  of  Oxford 
paid  him  the  greateft  honours,  by  having  a })uhlic 
fpeech  and  verles  made  in  liis  pralfe,  which  were  pub- 
likied  foon  after  in  qto,  under  ihe  title  of  Ultima  Linea 
Savilii. 

As  to  the  charaffer  of  Saville,  the  highell  enco- 
miums are  bekowed  on  him  by  all  the  learned  of  his 
time  : by  Calaubon,  INIercerus,  Meibornius,  Jofeph 
Scallgcr,  and  tfpt'cially  the  learned  bifhop  Montague  ; 
who,  in  his  DiatrihiZ  upon  Selden’s  Hillory  of  Fythes, 
kyles  him,  “ that  magazine  of  learning,  whole  me- 
mory (hall  be  honourable  among k not  only  the  learned, 
but  the  righteous  for  ever.’^ 

Several  noble  inkanecs  of  his  munificence  to  the  re- 
public of  letters  have  already  been  mentioned  : in  the 
account  of  his  publications  many  more,  and  even 
greater,  will  appear.  Thefe  are, 

i .  Four  Books  of  ihs  Hfiorics  of  Cornelius  Tudiits^  and 


the  Life  of  J.gricola  ; with  Notes  upoti  them,  in  folio, 
dedicated  to  Queen  Elizabeth,  1581. 

2.  A View  of  certain  Military  Mittersy  or  Commen- 
taries concerning  Roman  Warfare,  1398. 

3.  Rerwn  Anglicarum  Script  ores  peji  Bcdtlm-,  &c. 
1596,  This  is  a collection  of  the  belt  writers  of  our 
Engliili  hikory  ; to  which  he  added  chronological  ta- 
bles at  the  end,  from  Julius  Casfar  to  William  tlie  Con- 
queror. 

4.  Lhe  IVorks  of  St,  Chryfflom,  in  Greek,  in  8 
vols.  folio,  1613.  This  Is  a very  hue  edition,  and 
compofed  with  great  cok  and  labour.  In  the  preface 
he  fays,  “ that  having  himfelf  vifited,  about  12  years 
betore,  all  the  public  and  private  libraries  in  Britain, 
and  copied  out  thence  whatever  he  thought  ufeful  to 
this  defign,  he  then  fent  fome  learned  men  into  France, 
Germany,  Italy,  and  the  Eak,  to  tranferibe  fuch  parts 
as  he  had  not  already,  and  to  collate  the  others  with 
the  bek  manuferipts.’"  At  the  fame  time,  he  makes  his 
acknowledgments  to  feveral  eminent  men  for  their  af- 
Ckance  ; as  Thuanus,  Velferus,  Schottus,  Cafaubon, 
Duc'Jeus,  Gruter,  Hoefchellus,  &c.  In  the  8th  volume 
are  inferted  Sir  Henry  Saville’s  own  notes,  with  thofe 
of  other  learned  men.  The  whole  charge  of  this  edi- 
tion, including  the  feveral  fumspaid  to  learned  men,  at 
home  and  abroad,  employed  in  finding  out,  tranferib- 
ing,  and  collating  the  beil  manulcripts,  is  faid  to  have 
amounted  to  no  lefs  than  8000I.  Several  editions  cf 
this  work  were  afterwards  publiflred  at  Paris. 

5.  In  1 6 18  he  publilhed  a Latin  w^ork,  written  by 
Thomas  Bradwardin,  abp.  of  Canterbury,  againk  Pe- 
lagius,  intitlcd,  JJe  Ccivfa  JDei  contra  Pelagiunij  et  de 
virtute  caufarum ; to  which  he  prefixed  the  life  of 
Bradwardin. 

6.  In  1621  he  publlfhed  a colleClion  of  his  own  Ma- 
thematical LeClures  on  Euclid’s  Elements  ; in  410. 

7.  O ratio  Loravi  Flix,ahetha  Kegina  OxoniiS  hahita^  an- 
no 1592.  Printed  at  Oxford  in  1658,  in  410. 

8.  He  trankated  into  Latin  king  James’s  Apology- 
for  ihe  Oath  of  Allegiance,  He  alfo  left  feveral  manu- 
feripts behind  him,  written  by  order  of  king  James  ; 
all  wliich  are  in  the  Bodleian  library.  He  wrote  notes 
likewife  upon  the  margin  of  many  books  in  hislibiary, 
particularly  Eufebius’s  Ecckfiajlical  Hifory ; which 
were  afterwards  ufed  by  Valefius,  in  his  edition  of  that 
woikin  1659. — Four  of  his  letteis  to  Camden  are  pub- 
liflied  by  Smith,  among  CamdeV s Lciters,  1691,  4to. 

Sir  Flcnry  Saville  had  a younger  brother,  Lhotnas 
Saville,  wdio  was  admitted  probationei  fellow  of 
Flerton  college,  Oxford,  in  1580.  He  afterwards  tra- 
velled abroad  into  feveral  countries.  Upon  his  return 
he  was  clioien  fellow  of  Eton-college  ; but  he  died  at 
London  in  i 593.  1 homas  Saville  was  alio  a man  of 

great  learning,  and  an  intimate  friend  of  Camden  ; 
a.nftong  whole  letters,  juil  mentioned,  there  are  15  of 
Mr.  Saville’s  to  him. 

SAUNDERSON  (Ur.  Nicholas),  an  illukiious 
pVofeffor  of  mathematics  in  the  univerfity  of  Cam- 
bridge, and  a fellow  of  the  Royal  Society,  was  born 
at  Thnrlkon  in  Yorkfhirc  in  1682.  When  he  was  but 
twelve  moighs  old,  he  lok  not  only  his  eye-fight,  but 
his  very  eye-balls,  by  the  fmall-pox  ; fo  that  he  could 
retain  no  mor;,^  ideas  of  vifion  than  if  he  had  been  born 
blind.  At  an  early  age,  however,  being  of  very  pro- 
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rairipo*  parts,  lie  was  H-nt.  to  the  free-fchool  at  IViinif- 
ton,  nnd  tiierelaid  the  foundation  Ox^that  knc>\vledp;e  of 
the  Greek/ and  Latin  languages,  which  he  at  ter  wards 
improved  i'o  far,  by  his  own  application  to  the  Ciailic 
'authors,  as  to  hear  the  works  of  Luclid,  Aiclnniedes, 
and  Diophantus  read  in  their  original  Greek. 

Having  acquired  a grammatical  education,  bis  fa- 
ther, vvlio  was  in  the  excife,  initrudtcd  him  in  the 
common  rules  of  arithmetic.  And  here  it  was  that 
his  excelient  mathematical  genius  firft  appeared  : for 
he  very  foon  became  able  to  work  tiie  eoirirnon  que- 
flions,  to  make  very  long  calciiititjons  by  lire  diengtli 
of  bis  memory,  and  to  form  new  rules  to  lumlch  for 
the  better  refolving  of  fuch  queiiions- a-s  are  often  pro- 

■ poled  to  learners  as  trials  of  fkili. 

At  tiie  age  of  i H,  our  author  was  introduced  to  the 
acquaintance  of  Richard  \’\'elt,  of  Underbari'K,  Lfq. 
..a  lover  of  mathematics,  who,  obfervlng  Mr.  Saunder- 
'-ion’s  uncommon  capacity,  took  the  pains  to  iniiriiit 
jhim  in  the  principles  of  algebra  and  geometry,  and 

■ aave  him  everv  encouragemeiiL  in  his  power  to  the  pro- 
iccution  of  thelc  lludies*  Soon  after  this  he  became 
acquainted  alfo  with  Dr.  Nettleton,  who  took  the  fame 

,pains  with  him.  xAnd  it  was  to.  thefe  two  gentlemen 
that  Kr.  Saunderfon  owed  his  frrft  inftitution  in  the 
-mathematical  fciences.,:  tliey  furniihed  him  with  books, 
and  often  read  and  expounded  them  to  him.  But  he 
ibon  iurpafred  his  mailers,  end  became  fitter  to  teacii, 
■than  to  learn  any  thing  from  them. 

His  father,  othervviie  burdened  w'itli  a numerous  fa- 
mily, finding  a difEcuity  in  fupporting  him,  his  friends 
began  to  think  of  providing  both  for  his  education  and 
unaintenancc.  His  own  inclination  led  him  ftrongly  to 
Cambridire,  and  it  was  at  length  determined  he  fhould 
tvv  his  fonune  there,  not  as  a fcholar,  but  as  a mailer  : 

■ or,  if  this  defign  fliould  not  fucceed,  they  promiied 
themfelves  fuccefs  in  opening  a fchooi  for  him  at  Lon- 
don. Accordingly  he  went  to  Cambridge  in  1707, 
•being  then  25  years  of  age,  and  bis  fame  in  a fiiort 
time  filled  the  univerfity.  Newton’s  Principia,  Optics, 
.and  Univerfal  Arithmetic,  were  the  foundations  of  hi.s 
lectures,  and  afforded  him  a noble  held  for  the  dilplay- 
ino-  of  his  genius  ; and  great  numbers  came  to  hear  a 
blind  man  give  ledlures  on  optics,  diicourl'e  on  the  nature 
of  light  and  colours,  explain  the  theory  of  vifion,  the  ef- 
fect of  glaffes,  the  phenomenon  of  the  rainbow,  and 
other  objcdts  of  fight. 

As  he  inftnided  youth  in  the  principles  of  the  New- 
tonian philofophy,  he  foon  became  acquainted  with  its 
.incomparable  author,  though  he  had  fevcral  years  be- 
fore left  the  univerfity  ; and  frequently  converfed  with 
him  on  the  moll  difficult  parts  of  his  works:  he^  alfo 
held  a friendly  communication  with  the  other  eminent 
mathematicians  of  the  age,  as  Plalley,  CoteSj  Demoivre, 

Mr.  Whiflon  was  all  this  time  in  the  mathematical 
profeffor’s  chair,  and  read  ledures  in  the  manner  pro- 
Dofed  by  Mr.  Saunderfon  on  his  fettling  at  Cambiidgej 
lb  that  an  attempt  of  this  kind  looked  like  an  encroach- 
ment on  the  privilege  of  his  office  ; but,  as  a good- 
natured  man,  and  an  encourager  of  learning,  he  rea- 
dily confented  to  the  application  of  friends  made  in  be- 
half of  fo  uncommon  a perfon. 

Upon  the  removal  of  Mr.  Whiffon  from  his  profef- 


forfhip,  Mr.  Saunderfon’s  merit  was  thought  fo  muck 
fuperior  to  that  of  any  other  competitor,  that_  an  ex- 
traordinary  ffep  was  taken  in  his  favour,  to  qualify  him 
with  a degree,  which  the  ftatute  requires  ; in  confe- 
quence  he°was  chofen  in  17  ii,  Mr.  Whiflon ’s_ fuccef- 
for  in  the  Lucafian  profefforfliip  of  mathematics,  Sir 
Ifaac  Newton  interefting  himfelf  greatly  in  his  favour. 
His  firfl:  performance,  after  he  was  fcated  in  the  chair, 
was  an  inaugural  fpeecb  made  in  very  elegant  latin,  and 
a flylc  truly  Ciceronian  ; for  he  was  well  verfed  in 
the  writings  of  Tully,  wdio  was  his  favourite  m profe, 
as  Virgil  and  Horace  were  in  verfe.  From  this  time 
he  applied  himfelf  clofely  to  the  reading  of  lecliires, 
and  gave  up  his  whole  tune  to  his  pupils.  He  conti- 
nued to  refide  among  the  gentlemen  of  Chrill-coilege 
till  the  year  1723,  when  betook  a houfe  in  Cambridge, 
and  foon  after  married  a daughter  of  Mr.  Dickene, 
redlor  of  Boxworth  in  Cambridgelhirc,  by  whom  he 
had  a fon  and  a daughter. 

In  the  year  1728,  when  king  George  vifited  the 
univerfityq  he  expreffed  a defire  of  feeing  fo  remarka- 
ble a perfon ; and  accordingly  our  profeflor  attended 
the  king  in  the  fenate,  and  by  his  favour  was  there 
created  dodlor  ot  laws. 

Dr.  Saunderfon  was  naturally  of  a ftrong  healthy 
conilitution but  being  too  fedentary,  and  conflantlyr 
conflning  himfelf  to  the  houfe,  he  became  a valetudi- 
narian :°and  in  the  fpring  of  the  year  ^1739  he  com- 
plained of  a itumbnefs  in  ins  limbs,  which  ended  in  a 
mortilication  in  bus  foot,  of  which  he  died  tue  19th  of 
April  that  year,  in  the  77th  year  of  his  age. 

There  was  fcarcely  any  part  of  the  mathematics  on 
which  Dr.  Saunderfon  had  not  compofed  fometliing  for 
the  life  of  his  pupils.  But  he  difeovered  no  intention  of 
publilhing  any  thing  till,  by  the  perfualion  of  his 
friends,  he  prepared  his  Llements  of  Algebra  for  the 
prefs,  which  after  his  death  were  publiflied  by  fubferip- 
t-ion  in  2 vols  qto,  1740. 

Fie  left  many  other  writings,  though  none  perhaps 
prepared  for  the  prefs.  Among  thele  were  forne  va- 
luable comments  on  Newton’s  Principia,  which  not 
only  explain  the  more  difficult  parts,  but  often  improve 
upon  the  doflrines.  Thefe  are  publiflied  in  Latin  at 
the  end  of  his  poflhumous  Treatife  on  Fluxions,  a va- 
luable work,  publifhed  in  8vo,  1776. — Plis  maniifcript 
leHures  too,  on  molt  parts  of  natural  ph.ilofophy, 
which  I have  feen,  might  - make  a confiderable  vo- 
lume, and  prove  an  accepiable  prefeiit  to  the  public  if 
printed. 

Dr.  Saunderfon,  as  to  his  charadler,  was  a man  of 
much  wit  and  vivacity  in  converfation,  and  efleemed  an 
excellent  companion.  He  was  endued  with  a great  re- 
gard to  truth  j and  was  fuch  an  enemy  to  diigihie, 
Plat  he  thought  it  his  duty  to  fpeak  his  thoughts  at  all 
times  with  unreflrained  freedom.  Hence  his  lentlments 
on  men  and  opinions,  his  friendfliip  or  difregard,  were 
expreffed  without  referve  ; a fincerity  whicii  raifed  him 
many  enemies. 

A blind  man,  moving  in  the  fpherc  of  a mathemati- 
cian, feems  a phenomenon  difficult  to  be  accounted 
for,  and  has  excited  the  admiration  of  every  age  in 
which  it  has  appeared.  Tully  mentions  it  as  a lihng 
fcarce  credible  14  his  own  mailer  in  philofophy,  Dio- 
dotus  ; that  he  exe relied  himfelf  in  it  with  more  alTi- 
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cuity  after  he  became  blind  ; and,  wliaf  he  tliougdit 
next  to  impoiFible  to  be  done  without  fight,  that  he 
profefied  geometry,  defcribing  his  diagrams  fo  exaftly 
to  his  fcholars,  that  they  could  draw  every  line  in  its 
proper  diretftion.  St.  Jerome  relates  a ftill  more  re- 
markable inftance  in  Didymus  of  Alexandria,  who, 
though  blind  from  his  infancy,  and  therefore  igno- 
rant ol  the  very  letters,  not  only  learned  logic,  but 
geometry  alfo  to  very  great  perfedfion,  which  feems 
inoft  of  all  to  require  fight.  But,  if  we  confider 
that  the  ideas  of  extended  quantity,  which  are  the 
chief  objedts  of  mathematics,  may  as  well  be  ac- 
quired by  the  fenfe  of  feeling  as  that  of  fight,  that  a 
fixed  and  fieady  attention  is  the  principal  qualification 
for  this  ftudy,  and  that  the  blind  are  by  necelfity  more 
abftradfed  tlian  others  (for  which  reafon  it  is  faid  that 
Democritus  put  out  his  eyes,  that  he  might  think 
more  intenfely ),  we  fiiall  perhaps  find  rea'on  to  fuppofe 
that  there  is  no  branch  of  fcience  fo  much  adapted  to 
their  ch*cumdances. 

At  full;,  Dr.  Saunderfon  acquired  mod  of  his  ideas 
by  the  fenfe  of  feeling  ; and  this,  as  is  commonly  the 
cafe  with  the  blind,  he  enjoyed  in  great  perfedfion. 
Yet  he  co-uld  not,  as  fome  are  faid  to  have  done,  dif- 
tinguilh  colours  by  that^fenfe  ; for,  after  having  made 
repeated  trials,  he  ufed  to  fay,  it  was  pretending  to 
iinpoflibilities.  But  he  could  with  great  nicety  and  ex- 
adfnefs  obferve  the  fmallell  degree  of  roughnefs  or  de- 
fedl  of  pohfii  in  a furfacc.  Thus,  in  a -fet  of  Roman 
medals,  he  dillinguifired  the  genuine  from  the  falfe, 
thougli  they  had  been  counterfeited  with  fuch  exadtnefs 
as  to  deceive  a connoifieur  who  had  judged  by  the  eye. 
By  the  fenfe  of  feeling  alfo,  he  dillinguilhed  the  lead 
variation  ; and  he  has  been  feeu  in  a garden,  when  ob- 
fervations  have  been  making  on  the  fun,  to  take  notice 
ol  every  cloud  that  interrupted  the  obfervation  aimed 
as  judly  as  they’'  who  could  fee  it.  He  could  alfo  tell 
when  anv  thing  was  held  near  his  face,  or  when  he 
pafied  by  a tree  at  no  great  didance,  merely  by  the  dif- 
ferent impulle  of  the  air  on  his  face. 

His  ear  was  alfo  equally  exacl.  He  could  readily 
didinguifli  the  5th  part  of  a note.  By  the  quicknefs  of 
this  fenfe  he  could  judge  of  the  fize  of  a 100m,  and  of 
his  didance  from  the  wall.  And  if  ever  he  walked 
over  apavem.ent,  in  courts  or  piazzas  which  reflected  a 
found,  and  was  afterwards  conduced  thither  again,  he 
could  tell  in  what  part  of  the  walk  he  dood,  merely 
by  the  note  it  founded. 

Dr.  Saunderfon  liad  a peculiar  method  of  perform- 
ing arithmetical  calculations,  by  an  ingenious  machine 
and  method  which  has  been  called  his  Palpable  Aiitii- 
metic,  and  is  particularly  deferibed  in  a piece  prefixed 
tothefird  volume  of  liis  Algebra.  That  he  was  able 
to  make  long  and  intricate  calculations,  both  arithme- 
tical and  algebraical,  is  a thing  as  certain  as  it  is-  won- 
derful, He  had  contiived  for  his  own  ufe,  a commo- 
dious notation  for  any  large  numbers,  which  he  could 
exprefs  on  his  abacus,  or  calculating  table,'  and  with 
which  he  could  readily  perform  any  arithmetical  ope- 
rations, by  the  fenfe  of  feeling  only,  for  which  reafon 
It  was  called  his  Palpable  Arithmetic. 

His  calculating  table  was  a l^iooth  thin  board,  a lit- 
tle more  tlian  a foot  fqiiare,  raifed  upon  a frnall  frame 
fo  as  to  lie  hollow  which  board  was  divided  iiilo  a 


great  number  of  little  fquares,  by  lines  interfedling  one 
another  perpendicularly,  and  parallel  to  the  fides  of  the 
table,  and  the  parallel  ones  only  one-tenth  of  an  inch 
from  eacli  other  ; fo  that  every  fqiiare  inch  of  the  ta- 
ble was  thus  divided  into  100  little  fquares.  At  every 
point  of  interfeediou  the  board  was  perforated  by  finall 
holes,  capable  of  receiving  a pin  ; for  it  was  by  the 
help  of  pins,  duck  up  to  the  head  through  tliefe  holes, 
that  he  expreffrd  his  numbers.  He  ufed  two  forts  of 
pins,  a larger  and  a fmaller  fort  ; at  lead  their  heads 
were  did'erent,  and  might  eafily^  be  diilinguifiied  by 
feeling.  Of  tbefe  pins  he  had  a large  quantity  In  two 
boxes,  with  their  points  cut  off,  which  always  dood 
ready  before  him  when  he  calculated.  The  writer  of 
that  account  deferibes  particularly  the  whole  procefs  of 
ufing  the  machine,  and  concludes,  “He  could  place 
and  difplacehis  pins  \vith  Incredible  nimblenefs  and  fa- 
cility, much  to  the  pleafure  and  furprize  of  all  the  be- 
holders. He  could  even  break  off  in  the  middle  of  a 
calculation,  and  refume  it  when  he  pleafed,  and  could 
pi  efcntly  know  the  condition  of  It,  by  only^  drawing  his 
fingers  gently  over  the  table.” 

SAURIN  (Joseph),  an  Ingenious  French  mathe- 
matician, was  born  in  16^9,  at  Courtaifon,  In  the 
principality  of  Orange.  His  father,  minider  at  Gre- 
noble, was  a man  of  a very  dudious  dilpofition,  and 
was  the  fird  preceptor  or  indriicfor  to  our  author  ; 
w'ho  made  a rapid  progrefs  in  his  dudies,  and  at  a 
very  early  age  was  admitted  a minider  at  Eure  in  Dau- 
phiny.  But  preaching  an  offenfive  ferrnon,  he  was 
obliged  to  quit  France  in  1683.  On  this  occafion  he 
retired  to  Geneva  ; from  whence  he  went  Into  the  State  ‘ 
oFBerne,  and  was  appointed  to  a living  at  Yvevdun.  He 
was  no  fooner  edablifucd  in  this  his  pod,  than  certain 
theologians  raifed  a dorm  again d him.  Saurin,  dif- 
giided  with  the  controverfy,  and  dill  more  w'iih  the 
Swifs,  where  his  talents  were  buried,  paffed  into  tlol- 
land,  and  from  thence  into  France,  wheie  he  put 
himfelf  under  the  protedfion  of  the  celebrated  Bolfu,  to 
whom  he  niade  his  abjuration  in  11^90,  as  it  is  fiifpedted, 
that  he  might  find  protedfioii,  and  have  an  opportunity 
of  cultivating  the  fciences  at  Paris.  And  he  w^as  not 
difappointed  : he  met  with  many  flattering  encourage- 
ments ; was  even  much  noticed  by  the  king,  had  a 
penlion  from  the  court,  and  was  admitted  of  the  Aca- 
demy of  Sciences  in  1707,  in  the  quality  of  geomctrl- 
cian.  This  Icience  \vas  now  his  chief  fiudv  and  delight  : 

• *'  O' 

with  many^  writings  upon  which  he  enriched  the  volumes' 
of  the  Journal  des  Savans,  and  the  Memoirs  of  the 
Academy  of  Sciences.  Thefe  were  the  only  works  of 
this  kind  that  he  publilhtd  ; he  was  author  of  leveral 
other  pieces  of  a controverfial  nature,  ngaind  the  ce- 
lebrated Roufieau,  and  other  antagonills,  over  whom 
witli  the  afiifiance  of  government  he  was  enabled  to 
triumph.  The  latter  part  of  his  life  was  fpent  in 
more  peace,  and  in  cultivating  the  mathematical 
fciences;  and  he  died  the  29th  of  December  1737,  of 
a lethargic  fever,  at  78  years  ef  age. 

The  character  of  Saurin  was  lively  and  impetuous, 
endued  with  a confiderable  degree  of  that  noble  inde- 
pendence and  loftinefs  of  manner,  which  is  apt  to  be 
millaken  for  haughtinefs  or  infolcnce  ; in  confequence 
of  which,  his  memory  was  attacked  after  his  death,  as 
Ills  reputation  had  been  during  his  life  ; and  it  was  even 
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fiid  he  had  been  guilty  of  crimes,  by  Ids  own  conTef- 
lion,  that  ought  to  have  be^n  puniihed  with  death, 
Saiinjfs  mathematical  and  phdofophical  papers,  print- 
ed in  the  Memoirs  of  the  Academy  of  Sciences,  which 
are  pretty  numerous,  are  to  be  found  in  the  volumes  foi 
the  years  following;  viz,  17*^9?  17^3? 

2718,  i-co,  1722,  1723,  172,',  1727. 

SAIJVEUR  (Joseph),  an  eminent  French  mathe- 
rnatician,  was  born  at  Aa  hlecbe  the  2<.]-th  of  Maich 
1653.  He  was  abfolutely  dumb  till  he  was  feven  years 
of  age  ; and  then  the  organs  of  fpeech  did  not  difen- 
gage  fo  elFedlually,  but  that  he  was  ever  after  obliged 
to  rpeak  very  ilowly  and  with  difiiculty*  He  very  early 
'difcovered  a great  turn  for  meclianics,  and  v/as  al- 
ways inventing  and  coidtructing  fumething  or  other  in 
that  way. 

He  was  fent  to  the  college  of  the  Jefults  to  learn 
-.polite  literature,  but  made  very  little  progreis  in  poetry 
.and  eloquence.  Virgil  and  Cicero  had  no  cliarms  for 
./him  ; but  he  read  with  greedinefs  books  or  antlimetic 
? and  geometry.  However,  he  was  prevailed  on  logo 
- to  Paris  in  i6-,o,  and,  being  intended  for  the  church, 
>Mierehe  applied  himfelf  Hr  a time  to  the  ftudy  of  phi- 
tiofophy  and  theology  ; but  dill  fucceeded  no  better.  In 
• fhort,  mathematics  was  the  only  ftudy  he  had  any  paf- 
‘ifion  orrelifn  for,  and  this  he  cultivated  with  extraordi- 
,-nary  fuccefs  ; for  during;  his  coiirfe  of  phlloiophy,  he 
Mearned  the  hrft  fix  books  of  Euclid  in  the  fpace  of  a 
‘.month,  witlioLit  the  help  of  a mailer. 

As  he  had  an  impediment  in  his  voice,  though  other- 
-wife  endued  with  extraordinary  abilities,  he  was  ad- 
-^dfed  by  M.  BoiTuet,  to  gave  up  all  defigns"  upon  the 
.church,  and  to  apply  himfelf  to  the  ftudy  of  phyfic: 
,but  this  being  utterly  againft  the  inclination  of  his  uncle, 

■ from  whom  he  drew  his  principal  rclources,  Sauveiir 
determined  to  devote  himfelf  to  his  favourite  ftudy’’,  and 
-to  perfedl  himfelf  in  it,  fo  as  to  teach  it  for  his  fup- 
port  ; and  in  effecl  he  foon  became  the  fafhionable  pre- 
,-xeptor  in  mathematics,  fo  that  at  23  years  of  age  he 
...had  prince  Eugene  for  his  fcholar. — He  had  not  yet 
read  the  geometry  of  Des  Cartes  ; but  a foreigner  of 
the  flrft;  quality  deliring  to  be  taught  it,  he  made  him- 
Helf  mailer  of  it  in  an  inconceivably  fmali  fpace  of  time. 

- — Balfet  being  a fafhionable  game  at  that  time,  the 
-marquis  of  Oangeau  afked  him  lor  fome  calculations 
relating  to  it,  which  gave  fuch  latisfadlion,  that  Sau- 
-veurhad  the  honour  to  explain  them  to  the  king  and 


, .queen. 

In  i68!  be  was  fent  with  M.  Mariotte  to  Chantllli, 
tv.)  make  fome  experiments  upon  the  waters  thme, 
which  he  did  vvith  much  appl^ife.  The  frequent  vifits 
he  made  to  this  place  infpir'ed  him  with  the  defign  of 
writing  a treatiie  on  fortification  ; and,  in  oidei  to 
join  pradtice  with  theory,  he  went  to  the  fiege  of  Mons 
in  ' 6qi,  where  he  continued  all  the  while  in  the  trenches. 
With  the  fame  view  alfo  he  vifited  all  the  towns  of 
Flanders  ; and  on  his  return  he  became  the  mathemati- 
cian in  ordinary  at  the  court,  with  a penfion  for  life. — 
In  1 680  he  had  been  chofen  to  teach  mathematics  to  the 
pages  of  the  Dauphinefs.  In  1686  he  was  appointed 
mathematical  profefTor  in  the  Royal  College.  And  In 
i6q6  admitted  a member  of  the  Academy  of  Sciences, 
W’here  he  was  in  high  efteem  with  the  members  of  that 
fociety. — He  became  alfo  particularly  acquainted  with 


the  prince  of  Coude,  from  whbro  he  received  many 
marks  of  favour  and  affeAion.  Finally,  M.  Vaubaii 
having  been  made  marfiial  of  France,  in  1703,  he  pro- 
pofecl  Saiiveur  to  the  king  as  his  fuccelTor  in  the  office 
of  examiner  of  the  engineers  ; to  which  the  king 
agreed,  and  honoured  him  with  a penfion,  which  our 
author  enjoyed  till  his  death,  which  happened  the  9th 
of  July'  1716,  in  the  64th  year  of  his  age 

Sauveur,  in  his  charaCler,  was  of  a kind  obliging 
dlfpofition,  of  a fweet,  uniform,  and  unaffetled  temper  ; 
and  although  his  fame  was  pretty  generally  fpread 
abroad,  it  did  not  alter  his  humble  deportment,  and  the 
fimplicity  of  his  manners.  He  ufed  to  lay,  that  what 
one  man  could  accomplifli  in  mathematics,  another 
might  do  alfo,  if  he  chofe  it. 

Fie  was  twice  married.  The  firfl:  time  he  took  a 
very  fingular  precaution  ; for  he  would  not  meet  the  ' 
lady  till  he  had  been  with  a notary  to  have  the  condi- 
tions, he  intended  to  infill  on,  reduced  into  a written 
form  ; for  fear  the  fight  of  her  fhoiild  not  leave  him 
enough  mailer  of  himfelf.  This  was  adling  very  wifely, 
and  like  a true  mathematician  ; who  always  proceeds 
by  rule  and  line,  and  makes  his  calculations  when  his 
head  is  cool. — He  had  children  by  both  his  wives; 
and  by  the  latter  a fon  who,  like  himfelf,  was  dumb 
for  the  firft  feven  years  of  his  life. 

An  extraordinary  part  of  Sauveur’s  charadler  is, 
that  though  he  had  neither  a mufical  voice  nor  ear,  yet 
he  ftudied  no  fcience  more  than  mufic,  of  which  he 
com  poled  an  entire  new  fyftem.  And  though  he  was 
obliged  to  borrow  other  people’s  voice  and  ears,  yet  lie 
amply  repaid  them  with  fuch  demonllrations  as  were 
unknown  to  former  muficians.  He  alfo  introduced  a 
new  diAion  in  mufic,  more  appropriate  and  extenfive. 
He  invented  a new  doArine  of  founds.  And  he  was 
the  firll  that  difcovered,  by  theory  and  experiment, 
the  velocity  of  mufical  firings,  and  the  fpaces  they  de- 
feribe  in  their  vibrations,  under  all  clrcumllances  of 
tenfion  and  dimenfions.  It  was  he  alfo  wdio  firft  in- 
vented for  this  purpofe  the  monochord  and  the  echo- 
meter,  In  (Iiort,  he  piirfued  his  refearches  even  Lothe 
mufic  of  the  ancient  Greeks  and  Romans,  to  the 
Arabs,  and  to  the  very  Turks  and  Perfiaiis  themfelves  ; 
fo  jealous  was  he,  left  any  thing  fiiould  efcape  him  In 
the  fcience  of  founds. 

Sauveui-’s  writings,  which  confift  of  pieces  rather 
than  of  fet  works,  are  all  inferted  in  the  volumes  of  the 
Memoirs  of  the  Academy  of  bciences,  from  the  year 
170010  the  year  1716,  on  various  geometrical,  mathe- 
matical, philofopliical,  and  mufical  fubjeAs. 

SCALE,  a mathematical  inilrument,  confifting  of 
certain  lines  drawn  on  wood,  metal,  or  other  matter, 
divided  into  various  parts,  either  equal  or  unequal.  ^ It 
is  of  great  ufe  in  laying  down  dlllances  in  proportion, 
or  in  meafuriiig  diftances  already  laid  down. 

There  are  Scales  of  various  kinds,  accommodated 
to  the  fever al  iifes:  the  principal  are  the  plane  Scale, 
the  diagonal  Scale,  Gunter^s  Scale,  and  the  plotting 
Scale. 

Plane  or  Plain  Scale,  a mathematical  inilrument 
of  very  extenfive  ufe  and  application  ; which  is  com- 
monly made  of  2 feet  in  length  ; and  the  lines  ufually 
drawn  upon  it  arc  tl;.e  following,  viz, 
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F Equal  parts,  and  marked  E.  P. 

Chords  - - 

Cho, 

Rhumbs  - - 

Ru. 

Sines  - - 

Sin. 

Tangents 

Tan. 

Secants 

Sec. 

Semitangents  - 

S.  T. 

Longitude 

Long. 

Latitude 

Lat. 

of  equal  parts  are  of  two 

kinds,  viz, 

and  diagonally  divided. 

The  firfi;  of 

thefe  arc  formed  by  drawing  three  lines  parallel  to  Qne 
another,  and  dividing  tliem  into  any  equal  parts  by 
Ihort  lines  drawn  acrofs  them,  and  in  like  manner 
fnbdividing  the  iirll  diviilon  or  part  into  *10  other 
equal  fmall  parts  ; by  which  numbers  or  dimenllons  of 
two  figures  may  be  taken  off.  Upon  fome  rulers,  feve- 
ral  of  thefe  fcales  of  equal  parts  are  ranged  parallel  to 
each  other,  with  figures  fet  to  them  to  Ihew  into  how 
many  equal  parts  they  divide  the  inch  ; as  20,  2^,  30, 
35,  40,  45,  (See.  The  2d  or  diagonal  divifions  are 
formed  by  drawing  eleven  long  parallel  and  equidiftant 
lines,  which  are  divided  into  equal  parts,  and  crolfed 


by  other  fliort  lines,  as  the  ; then  the  firfl  of 

the  equal  parts  have  the  two  outermofl.  of  the  eleven  pa- 
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rallels  divided  Into  10  equal  parts,  and  the  points  of 
divifion  being  conneJfed  by  lines  drawn  diagonally,  the 
whole  fcale  is  thus  divided  into  dimenfions  or  numbers 


of  three  places  of  figures. 

The  other  lines  upon  the  fcales  are  fuch  as  are  com- 
monly ufed  in  trigonometry,  navigation,  aftronomy, 
dialling,  projeftion  of  the  fphere,  &c,  &c  ; and  their 
conftrudions  are  mollly  taken  from  the  divifions  of  a 
circle,  as  follow  : 

Defcribe  a circle  with  any  convenient  radius^  and 
quarter  it  by  drawing  the  diameters  AB  and  DE  at 
right  angles  to  each  other;  continue  the  diameter  AB 
out  towards  F,  and  draw  the  tangent  line  EG  parallel 
<•0  it;  alfo  draw  the  chords  AD,  DB,  BE,  EA* 
Then, 

2.  For  the  line  of  chords,  divide  a quadrant  BE  into 
90  equal  parts ; on  E as  a centre,  with  the  compafies 
transfer  thefe  divifions  to  the  chord  line  EB,  which 
rriark  with  the  correfponding  numbers,  and  it  wall 
become  a line  of  chords,  to  be  transferred  to  the 
ruler. 


3.  For  the  line  of  rhumbs,  divide  the  quadrant  AD 
into  8 equal  parts ; then  with  the  centre  A tranf- 
fer  the  divifions  to  the  chord  AD,  for  the  line  of 
rhumbs. 

4.  For  the  line  of  fines,  through  each  of  the  divi- 
fions of  the  arc  BE,  draw  right  lines  parallel  to  the 
radius  BC,  which  will  divide  the  radius  CE  into  the 
fines,  or  verfed  fines,  numbering  It  from  C to  E for 
the  fines,  and  from  Eto  C for  the  verfed  fines, 

5.  For  the  line  of  tangents,  lay  a ruler  on  C,  and 
the  feveral  divifions  of  the  arc  BE,  and  it  will  interfedl . 
the  line  EG,  which  will  become  a line  of  tangents, 
and  numbered  from  E to  G with  10,  20,  30,  40, 
6cc. 


6.  For  the  line  of  fecants,  transfer  the  difianccs  be- 
tween the  centre  C and  the  divifions  on  the  line  of  tan- 
gents to  the  line  BF,  from  the  centre  C,  and  thefe  will 
give  the  divifions  of  the  line  of  iecants,  which  mull 
be  numbered  from  B towards  F,  with  10,  20,  30, 
5cc. 

7.  For  the  line  of  feniltangents,  lay  a ruler  on  D 
and  the  feveral  divifions  of  the  arc  EB,  which  will  in- 
lerfeCl  the  radius  CB  In  the  divifions  of  the  femitan- 
gents,  which  are  to  be  marked  with  the  correfponding  ■ 
figures  of  the  arc  EB. 

The  chief  ufes  of  the  fines,  tangents,  fecants,  and 
femitangents,  are  to  find  the  poles  and  centres  of  the 
feveral  circles  reprefented  in  the  projedlions  of  the 
fphere. 

8.  For  the  line  of  longitude,  divide  the  radius 
CD  into  60  equal  parts  ; through  each  of  thefe,  pa- 
rallels to  the  radius  BC  will  interleft  the  arc  BD  in  as 
many  points  : from  D as  a centre  the  divifions  of  the 
arc  BD  being  transferred  to  the  chord  BD,  will  give 
the  divifions  of  the  line  of  longitude. 

If  this  line  belaid  upon  the  fcale  clofe  to  the  line  of 
chords,  both  inverted,  fo  that  60°  in  the  fcale  of  lon- 
gitude be  againil  0°  iu  the  chords,  &:c  ; and  any  de- 
gree of  latitude  be  counted  on  the  chords,  there  will 
fiand  oppofite  to  it,  in  the  line  of  longitude,  the  miles 
contained  in  one  degree  of  longitude,  in  that  latitude  j 
the  meafure  of  i degree  under  the  equator  being  6a 
geographical  mlks. 
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().  For  tke  line  of  latitude,  lay  a ruler  on  B,  and 
tlie  feveral  dlvirious  on  the  lines  on  CE,  and  it  will  in- 
tc'iTedt  the  arc  AE  in  as  many  points  ; on  A as  a cen- 
tre transfer  the  interfctl.ions  ol  the  arc  AE  to  the 
chord  AE,  for  the  line  of  latitude. 

See  alfo  Robertfrn’s  Defeription  and  ufe  of  Matlie- 
inatical  Inilrunieiits. 

Decimal,  or  Gunlers,  or  Plotting,  or  F roportional y. 
or  Kedudng  Scale,  See  the  feveral  articles. 

Scale,  in  Architc£lure  and  Geography,  a line  di- 
vided into  equal  parts,  placed  at  the  bottom  of  a map 
or  drauglit,  to  feive  as  a common  meaiure  to  all  the 
parts  of  the  building,  or  all  the  diilances  and  places  of 
the  map. 

In  maps  of  Large  traAs,  as  kingdoms  and  pro- 
vinces, &c,  the  Scale  ufually  confids  of  miles;  vrhence 
it  is  denominated  a Scale  of  miles.- — In  more  particular 
maps,  as  tiiofe  of  manors,  Rc,  the  Scale  is  ufually  of 
chains  &c. — The  Scales  nftd  in  draughts  of ' buildings 
moftiy  coiifn:  of  modules,  feet,  inches,  palms,  fa- 
thoms, or  the  like. 

To  find  the  diilance  between  two  towns  he,  in  a 
map,  the  interval  is  taken  in  tlie  eornpailes,  and  let  oft 
in  the  fcale  and  the  number  of  dpificns  it  includes 
gives  the  dlftance.  The  fame  method  ferves  to  fmd 
the  height  of  a ftory,  or  , other  part  in  a delign. 

Front  Scale,  in  Perfpcdlive,  is  a right  line  in  the 
draught,  parallel  to  the  horizontal  line  ; divided 
into  equal  parts,  reprefenting  feet,  inches,  &c. 

Flying  Scale,  is  a right  line  in  the  draught,  tend- 
ing to  the  point  of  view,  and  divided  into  unequal 
p^rts,  reprefenting  feet,  inches,  he. 

Differential  Scale,  is  ufed  for  the  fcale  of  relation 
fubtraefed  from  unity.  See  Series. 

Scale  of  Relation,  in  Algebra,  an  expreifton  de- 
noting the  relation  of  the  terms  of  recurring  feries  to 
each  other.  See  Series, 

Hour  Scale.  See  Hour. 

Scale,  in  Mufic,  is  a denomination  given  to  the 
arrangement  of  the  fix  fyllables,  invented  by  Guido 
Aratino,  ut  re  mi  fa  fal  la  ; called  alfo  garamut..  It  is 
called  Scale,  or  ladder,  becaufe  it  reprefents  a kipd  of 
fedder,  by  means  of  which  the  voice  riles  to  acute,  or 
finks  to  grave  ; eacliof  the  fix  fyllables  being  as  it  were 
one  ftep  of  the  ladder. 

Scale  is  alfo  ufed  for  a feries  of  founds  rifing  or 
falling  towards  acutenefs  or  gravity,  from  any  given 
pitch  of  tune,  to  the  gieatcft  diftance  that  is  fit  or  prac- 
ticable, through  fuch  intermediate  degrees  as  to  make 
the  fucceffion  mofi  agreeable  and  perfeft,  and  in  which 
we  have  all  the  harmonica!  intervals  molt  commodioiifty 
divided. 

The  fcale  is  otherwife  called  an  nniverfiJ  fyflem,  as 
including  all  the  particular  fyftems  belonging  to  mufic. 
See  System. 

There  were  three  different  Scales  in  ufe  among  the 
Ancients,  which  had  their  denominations  from  the 
three  feveral  forts  of  mufic,  viz,  the  dial mic,  chromatic, 
and  inharmonic,,  Which  fee. 

SCALENE,  or  Scalenous  triangle,  is  a triangle 
whofe  fi-des  and  angles  are  all  unequal. — A cylinder  or 
cone,  whofe  axis  is  oblique  or  inclined  to  its  bafe,  is 
alfo  faid  to  be  fcaienoias;  though  more  frequently  it  is 
called  obdiquev 


SCALIGER'  (Joseph  Justus),',  a celebrated 
French  chronoloo-er  and  critic,  was  the  fon  of  Julius 
Ciefar  Scaliger,  and  born  at  Agen  in  France,  in  i ;40. 
He  ftudied  in  the  college  of  Bourdeaux.;  after  which 
his  father  took  him  under  hts  own  care,  and  employed 
him  in  tranferibing  his  poems  ; by  which  means  he  ob- 
tained fuch  a take  for  poetry,  that  before  he  was  i 7 
years  old,,  he  wrote  a tragedy  upon  the  iubjedl  of  Oedi- 
pus, in  which  he  introduced  all  the  poetical  ornaments 
of  ftyle  and  fentiment. 

His  fatlier  dying  in  he  went  to  Paris  the 

year  following,  with  a defign  to  apply  hirnfelf  to  tlic 
Greek  tongue.  For  this  purpofe  he  for  two  months 
attended  the  leAures  of  Turnebus;  but  finding  that  in 
the  ufual  courfe  he  fliould  be  a long  time  in  gaining  his 
point,  he  ftiut  hirnfelf  up  in  his  clofet,  and  by  coniiant 
application  for  two  years  gained  a perfect  knowledge 
of  the  Greek  language.  After  which  he  applied  him- 
felf  to  the  Hebrew,  which  be  learned  by  hirnfelf  with 
great  facility.  And  in  like  manner  he  ran  through 
many  other  lancruao;es,  till  lie  could  ipsak  it  is  faid  no 
leL  than  13  ancient  and  modern  ones.  He  made  no- 
lefs  progreis  in  the  fciences  ; and  liis  writings  procured 
him  the  reputation  of  one  of  the  grcatelLmen  of  tliat  or 
any  other  age.  He  embraced  the  reformed  reiigioii 
at  22  years  of  age.  In  1^63,  he  attached  himfrlf  to 
Lewis  Cafteignier  de  la  Roch  Pazay,  whom  he  at- 
tended in  feveral  joLirnies.  And,  in  I59'3>  the  curators 
of  tlie  iiniverfity  of  Leyden  invited  hum  to  an  honorary 
profeiTorfliip  in  that  univerfity,  where  he  lived  16  years, 
and  where  he  died  of  a dropfy  in  1609,  at  69  years 
of  age. 

Scaliger  was  a man  of  great  temperance  ; was  ne^ 
ver  married  ; and  was  fo  clofe  a fiudent,  that  he  often 
fpent  whole  days  in  his  ftudy  without  eating  : and 
though  his  circumftances  were  always  very  narrow,  he 
conftantly  refufed  the  prefents  that  were  offered  him. 

He  was  author  of  many  ingenious  works  on  various 
fubjeefts.  His  elaborate  work,  De  Emendationc  Fern- 
porum  ; bis  exquifite  animadverfions  on  Eufebius  ; with 
his  Canon  Ifagogicus  Chronologize ; and  his  accurate- 
comment  upon  Manillus’s  Ajlronom' con,  fufficiently 
evince  his  knowledge  in  the  allrono.my,  and  other 
branches  of  learning,  among  the  Ancients,  and  who, 
according  to  the  opinion  of  the  celebrated  Vieta,  was 
far  fuperior  to  any  of  that  age.  And  he  had  no  lefs  a 
charatler  given  him  by  the  learned  Cafaubon, — He 
wrote  Cyclomtlrica  et  Diatriha  de  FqmnoElior urn  Antici- 
pations. He  wrote  alfo  notes  upon  Seneca,  Varro,  and. 
Aufonius^s  Poems.  But  that  which  above  all  things 
renders  the  name  of  Scaliger  memorable  to  pofterlty,  is 
the  invention  of  the  Julian  period,  which  confifts  of 
7980  years,,being  the  continued  produdl  of  the  three  cy- 
cles, of  the  fun  28,  the  moon  19,  and  Roman  indic- 
tlon  15.  This  period  had  its  beginning  fixed  to  the 
764th  year  before  the  creation,  and  is  not  yet  com- 
pleted, and  comprehends  all  other  cycles,  periods,, 
and  epoehas,  with  the  times  cf  all  memorable  actions 
and  hiftorles. — The  collections  intitled  Scaligcriana, 
were  collefted  from  his  converfations  by  one  of  his 
friends  ; and  being  ranged  in  alphabetical  order,  were 
publithed  by  Ifaac  Voflius. 

SCANTLING,  a meafure,  fize,  or  ftandaid,  by 
wiiich  tlie  dinienfions  of  things  are  to  be  determinedo. 

The. 
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"The  term  is  particularly  applied  to  the  diinenfions  of 
any  piece  of  timber,  with  regard  to  its  breadth  and 
thicknefs. 

SCAPEMENT,  In  Clock-work,  a o-cneval  term  for 
tlie  manner  o^  communicating  tl:e  impmlic  of  the 
•wlieels  to  the  pendidum.  Idie  ordinary  Hcapements 
conl'iil  of  the  fwing-wbeel  and  pallets  only  : but  tnod-  '-n 
imorovements  have  added  other  levers  or  detents,  chiffl/ 
for  tlie  piirpofes  of  diir.inidiing  fritPon,  or  for  clctaeli- 
ing  the  pendulum  from  the  prefiure  of  the  wheels  dur- 
ing  part  of  the  time  of  its  vibration,  Notwithllanil- 
ino-  the  very  ureat  importance  of  the  Pcapenicnt  to  the 
performance  of  clocks,  no  material  lumrovcmer:  was 
made  in  it  from  tlie  firff  application  of  the  pendulum  to 
clocks  to  the  davs  of  hlr.  Qeorge  Ciraham  ; noih.ng 
more  was  attempted  before  his  time,  than  to  apply  the 
impn'fe  of  tl'.e  fv.ung-'.vhcel.  in  fuch  manner  as  was 
attended  with  the  leaib  friction,  and  would  give  the 
greatefl  motion  to  the  pciululnm.  Idr.  Piadey  difeo- 
vered,  by  fome  experiments  m.ade  at  the  Royal  C'O- 
fervatory'at  Greenwich,  that  by  adding  more  weight 
to  the  pendulum,  it  was  made  to  vibrate  larger  arcs, 
and  the  clock  went  fa'Rr;  by  diminilhing  the  weight 
■of  the  pendulum,  tlie  vibrations  became  fnorter,  and 
the  clock  went  flower  ; the  refult  of  thefe  ex'periments 
being  diametrically  oppoiite  to  wh.at  cn.iydit  to  be  e\'- 
peCled  from  the  theory  of  the  ]>endulLim,  probably  hril 
ronfed  the  attention  of  Mr.  Graham,  and  led  him  to 
fuch  farther  trials  as  convinced  him,  that  this  leeming 
paradox  was  occalioned  by  the  retrogiade  motion, 
v’i'.ich  was  given  to  the  fwing-wheel  by  every  coidb  uC" 
tion  of  Sca’pement  that  was  at  that  time  in  ufe  and 
his  great  fagachy  foon  produced  a remedy  for  tills  de- 
feCx,  by  conllruCting  a Scapement  which  prevented  all 
recoil  of  the  wheels,  and  reftored  to  the  clock  pendulum, 
wholly  in  theory,  and  nearly  in  praftice,  all  its  natural 
properties  in  its  detached  iim.ple  Hate  ; this  Scapement 
was  named  by  its  celebiated  inventor  the  dead  heat, 
and  its  great  fuperiority  was  fo  univcrfa'lly  acknow- 
ledged, that  It  was  foon  introduced  into  general  ufe, 
and  fiill  continues  In  univerlal  edeem.  dkie  Import- 
ance of  the  Scapement  to  the  accurate  going  of  clocks, 
was  by  tliis  improvement  rendered  fo  unqueilionable, 
that  artifts  of  the  hrlf  rate  all  over  Euiope,  were  for- 
ward in  producing  each  his  particular  condrinflion,  as 
may  be  feen  in  the  works  of  Thiout  Paine,  M.  J.  A. 
Lepante,  M,  le  Roy,  M.  Ferdinand  Bertoud,  and 
Mr.  Cummings’  Elements  of  Crock  and  atchwork, 
in  which  we  have  a minute  defeription  of  feveral  new 
and  ingenious  condruftions  of  Scapements,  wuh  an 
inveftigation  of  the  principles  on  which  their  claim  to 
merit  is  founded  ; and  a comparative  view  of  the  ad- 
vantages'or  defedls  of  the  feveral  condrucf  ions.  Befides 
the  Scapements  deferibed  in  the  above  works,  many 
curious  conftrudlions  have  been  produced  by  eminent 
artifts,  who  have  not  publifhed  any  account  of  them, 
nor  of  the  motives  which  have  induced  each  to  prefer 
his  favourite  conftruffion  : Mr.  Harrifon,  Mr.  Hind- 
ley  of  York,  Mr.  Elllcot,  Mr.  Mudge,  Mr.  Arnold, 
Mr.  Whitehurft,  and  many  other  ingenious  artifts  of 
this  country,  have  made  Scapements  of  new  and  pecu- 
liar conftrudfions,  of  which  we  are  unable,  for  the 
above  reafon,  to  give  any  farther  account  than  that 
thofe  of  Mr,  Harrifon  and  Mr,  Hindley  diad  fcarce 


any  fnkftion,  with  a certain  mode  and  quantity  of  re- 
coil ; thofe  of  ail  the  other  gentlemen,  we  believe,  have 
been  on  the  principle  of  the  dead  beat,  with  fuch  otner 
im|;.rovemtnts  as  they  feverally  judged  molt  conducive 
to  a ^'-'ood  performance. 

(Mimt  Briilil  has  juft  publiPucd  (in  1794)  a fmall 
p.anu'hi-'t,  *•  On  the  Invekigation  of  Allroiiomical 
Cireies,”  to  which  he  has  annexed,  a Defeription 
of  tlie  Sca.pcment  in  Mr.  Mudge’s  firft  Fimekeeper, 
drawn  up  in  Aiigt  il  07!-'’  ^Before  entering  upon 
tlie  Defcriptlop,  ’lie  e'ount  prernifesa  few  ohfervat ion?, 
in  one  of  wlucli  i e recognizes  a hint  concerning  the 
nature  of  Mr.  Muetge’s  Scapement,  thrown  out  by  tnis 
ariilt  in  a inia’.l  Irak  printed  by  lum  in  tlie  year  i , 63, 
wli’di  is  tl.'s;  tIic  force  derived  from  the -inain- 
fpring  Gould  be  made  as  equal  as  pollible,  I>y  making 
the  mLuV.rpring  witid  up  another  fmaller  fpring  at  a lcis 
diftance  h'om  the  b.-ilaiicc,  at  fiort  intervals  of  time. 
I think  it  ivaald  not  be  uvtradicalde  to  make  il  n'ind  np  ct 
en  ery  ^cihnct'ion,  jinidl  Ipi'ing  Jinnlar  to  toe  pendunint 
fpy  'my,  idiot  phoidd  r.nm  - d atiiy  ad  on  the  la! a nee,  hy 
‘li'l'lch  the  <ivhole  foree  odir!^  on  the  holonce  oaould  he  re- 
dueed  to  the  oreutdl jhnpllii'y,  ^eiih  tins  advantnye,  that 
the  fence  oven  d ncreoie  in  pnoportion  to  the  arcod^  From 
this  hint,  Count  Biuh.l  is  furprifed  that  no  otlier  artifts 
Iiave  taken  up  IMr.  Mudge’s  invention.  He  then 
gives  the  Defeription  ol  that  invention  a*  follows : 
“ Mr.  Mudge’s  Timekeeper  has  five  wheels,  with 
numbers  higli  enough  to  admit  pinions  of  twelve,  and 
yet  to  go  eight  days.  ’\  he  Scapement  conlifls  of  a 
wheel  almoft  like  tliat  of  a common  crown  wheel,  and 
nets  on  [lallets,  each  of  v/hich  has  a feparate  axis  lying 
in  the  fame  line.  To  each  pallet  a Ipring  is  iixed  in  the 
fhape  of  a pendulum  fpring  ; thefe  fprings  are  wound 
up  ahernately  bv  the  acfion  of  the  laft  wheel  upon  the 
pallets,  which  is  performed  in  the  following  manner: 
— Whenever  one  of  the  pallets  (for  inftance  the  upper 
one)  is  fet  in  motion  by  a tooth  of  the  wdieel  hiding 
upon  It,  and  then  rtfting  againft  a hook,  or,  rather  a 
bearing  at  its  end,  the  balance  is  entirely  detached 
from  it,  being  then  employed  in  carrying  the  other 
pallet  the  contrary  way.  When  the  balance  returns  from 
that  vibration  (partly  by  the  force  of  the  pendulum 
fpring,  and  partly  hy  tliat  of  one  of  tlie  two  fmall 
fprings  which  it  had  bent  by  the  motion  of  that  pajlet 
which  it  had  carried  along  with  itlelf)  it  lays  hold  i)f  the 
upper  paflet  and  carries  it  round  in  the  fame  rnaiiner  as 
it  did  before  the  lower  one,  and,  of  conrfc,  in  the 
fame  diredfion  which  the  ujipcr  pallet  had  receiveii 
from  tlie  power  of  the  mainfpring  at  the  time  that  it 
was  quite  unconnedled  with  the  balance.  I lie  commu- 
nication of  motion  from  the  balance  to  the  pallets,  and 
vice  verfti,  is  cfFedfed  by  two  pins  fixed  to  a ciank, 
which  in  following  the  balance,  hit  each  its  proper 
pallet  alternately.  By  what  has  been  fa.id,  it  is  evide’Rt 
that  whatever  inequality  there  may  he  in  the  power  de- 
rived from  the  mainfpring  (provided  the  latter  be  fufft- 
cient  to  wind  up  thofe  little  pallet  fprings)  it  can  never 
interfere  with  tlie  regularity  of  the  balance’s  motion, 
but  at  the  inllant  cf  unlocking  the  pallets,  which  is  fo 
inllantaneoiis  an  operation,  and  the*  relillancc  fo  ex- 
ceedingly fmall,  that  It  cannot  pofubly  amount  to  any 
fen fible  error.  'Fhe  removal  of  this  great  obftaclc  was 
certainly  never  fo  effedfually  done  by  any  other  contri- 
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vancc,  and  deferv^s  live  higbed  commendation,  as  a 
probable  means  to  perfect  a portable  machine  that  will 
meafiire  time  eorreflly.  Bnt  this  is  not  the  only,  nor 
incleed  the  principal  advantage  whicli  this  timekeeper 
will  pofTeis  over  any  other;  for,  as  it  is  impoifible  to 
reduce  friddion  to  fo  fmall  a quantity  as  not  to  affedl  the 
motion  of  a balance,  the  confequence  ot  which  is,  that 
it  deferibes  fometimes  greater  and  fometimes  iinaller 
cros,  it  became  neceffary  to  think  of  lome  method  by 
which  the  balance  might  be  brought  to  deferibe  thofe 
difleient  arcs  in  the  fame  time.  If  a balance  could  be 
made  to  vibrate  without  fridfion  or  refillance  from  the 
medium  in  wliich  it  moves,  the  mere  expanding  and 
contradfing  of  the  pendulum  Ipring,  would  probably 
produce  the  fo  mucli  wilhed-for  effedl,  as  its  force  is 
fuppofed  to  be  proportional  to  the  arcs  deferibed  ; but 
as  there  is  no  machine  void  of  fridtion,  and  as  from 
that  caufe,  the  velocity  of  every  balance  decreafes 
more  rapidly  than  the  fpaces-  gone  through  decreale, 
this  inequality  could  only  be  removed  by  a force  adding 
on  the  balance,  which  airuming  diffei-ent  ratios  in  its 
different  ilages,  could  counterbalance  tliat  inequality* 
This  very  material  and  important  remedy,  Mr.  Mudge 
has  effedted  by  the  condrudlioii  of  his  Scapement ; for 
his  pallet  fprings  having  a force  capable  of  being  in- 
ci-cafed  almoll  ■ at  pkafure,  at  the  commencement  of 
every  vibration,  the  proportion  in  their  different  de- 
grees of  tenfion  may  be  altei'ed  till  it  anfwers  tlie  in- 
tended pvirpofe*  This  fitews  how  eficddually  Mr. 
Mudge’s  Scapement  removes  the  two  greatell  difiieul- 
tie?.  that  have  hitherto  baffled  the  attempts  of  every 
other  artift,  namely,  the  inequalities  of  the  power  de- 
rived from  the  main  fpring,  and  the  irregularities  ;irlf- 
ing  from  fridlion,  and  the  variable  refillance  of  the 
medium  in  which  the  balance  moves.  Although  at  the 
time  I am  writing  this,  account  of  his  invention,  the 
machine  is  not  yet  finifhed  ; I am  not  the  lefs  contideat 
that  whenever  it  is,  it  will  be  found  to  be  one  of  the 
mofl  ufeful  of  any  which  has  as  yet  appeared.’^ 

SCARP,  in  Fortification,  the  interior  hope  of  the 
ditch  of  a placr  ; that  is,  the  dope  of  that  fide  of  a 
ditch  which  is  next  to  the  place,  or  on  the  outfide  of 
the  rampart  at  its  foot,  facing  the  champaign  or  open 
country.  The  Hope  on  the  outer  fide  of  the  ditch  is 
called  the  counterfearp, 

SCENOGRAPHY,  in  Perfpedllve,  the  perfpedllve 
reprefentation  of  a body  on  a plane  ; a defcription 
and  view  of  it  in  all  its  parts  and  dimenfions,  fuch  as  it 
appears  to  the  eye  in  any  oblique  view. 

This  differs  effentially  from  the  ichnography  and  the 
Orthography,  The  ichnography  of  a building,  &c,  re- 
prefents  the  plan  or’ ground  work  of  the  building,  or 
fedion  parallel  to  it;  and  the  orthography  the  eleva- 
tion, or  front,  or  one  fide,  alfo  in  its  natural  dimen- 
fions ; but  the  Scenography  exhibits  the  whole  of  the 
building  that  appears  to  the  eye,  front,  fides^  height, 
and  all,  not  in  their  real  dimenfions  or  extent,  but 
raifed  on  the  geometrical  plan  in  perfpe£live. 

In  architefture  and  fortification,  Scenography  is  the 
manner  of  delineating  the  feveral  parts  of  a building  or 
fortrefs,  as  they  are  reprefen  ted  in  perfpeiSlivc, 

To  exhibit  the  Scenography  of  any  body,  J.  Lay 
down  tlie  bafis,  ground-plot,  or  plan,  of  the  body,  in 
the  perfpedive  ichnography,  that  is,,  draw  the  perfpec- 


tive  appearance  of  the  plan  or  bailment,  by  the  proper 
rules  of  perfpetlive.  2..  Upon  the  feveral  points  oi  tlie 
faid  perfpedllve  plan,  raikthe  perfpedlive  heights,  and 
connedl  the  tops  of  them  by  the  propti-  dope  or  oblique 
hues.  So  will  the  Scenography  of  the  body  be  completed., 
when  a proper  fiiade  is  added.  See  Perspective. 

SCHEINER  (Christopher),  a confiderable  Ger- 
man rnatliematician  and  adronomer,  was  horn  at  Mun,- 
deilheim  In  Schwaben  in  1575.  He  entered  into  tlie 
fociety  of  the  Jefuits  at  2G  years  of  age  ; and  afterwards 
taught  the  Hebrew  tongue  and  the  mathematics  at  In- 
golltadt,  Friburg,  Brifac,  and  Rome.  At  lengtli  he 
became  confeffor  to  tlie  archduke  Charles,  and  redtor 
of  the  college  of  the  Jefuits  at  Neiffe  in  Sileiia,  where 
he  died  in  1670,  at  75  years  of  age. 

Scheiner  was  chiefly  remarkable  for  being  one  of  the 
firft  who  obfv'rved  the  fpots  In  the  fun  with  ihe  telefcope,. 
though  not  the  very  firil ; for  his  c/bfei  vations  of  tliofe 
fpots  were  firft  made,  at  Ingolftadt,  in  the  latter  pa^t 
of  the  year  161  i,  whereas  Galileo  and  Harriot  both 
obfevved  them  iu  the  latter  part  of  the  year  before,  or 
1610*  Scheiaer  continued,  his  obfervations  on  the  folar 
phenomena  for  many  years  afterwards  at  Rome,  with 
great  affiduily  and  accuracy,  conilantly  making  drawings 
of  them  on  paper,  defcribing  their  places,  figures,  mag- 
nitude, revolutions  and  periods,  fo  that  Riccloli  delivered 
it  as  his  opinion  that  there  was  little  reafon  to  hope  for 
any  better  obfervations  of  thofe  fpots.  Hes  Cartes  and 
Hevelius  alfa  fay,  that  in  their  judgment,  nothing  can. 
he  expedled  of  that  kind  more  fatlsfadlory.  Thele  cb- 
fervations  were  publiflied  in  orre  volume  folio,  1630,. 
under  the  title  Rofa  Utfinay  See  ; almofl  every  page 
of  wliich  is  adorned  with  an  image  of  the  fun  with  the 
fpots.  He  wrote  alfo  feveral  fraaller  pieces  relating  ta 
mathematics  and  philofophy,  the  principal  of  which  are, 

2.  Oculus^  fme  Fundanunium  Opticum,  iS'c ; which 
was  reprinted  at  London,  in  1652,  in  410. 

3.  Sol  Fclpticus,  Fifqu if  tiones  Mathematics^ 

4.  IJe  Controncerfiis  H Novitatihus  JJironomicis^ 

SCHEME,  a (h'aught  or  reprefentation  of  any  geo- 
metrical or  aftronomical  figure,  or  problem,  by  lines, 
fenfible  to  the  eye  j or  of  the  celeftial  bodies  in  their 
proper  places  for  any  moment ; othervvile  called  a 
diagram. 

Scheme  Arches,  See  Arch. 

SCHOLIUM,  a note,  remark,  or  annotation,  oc- 
cafionally  made  on  fome  paffage,  propofition,  or  the 
like. 

The  term  is  much  ufed  in.  geometry,  and  other  parts 
of  the  mathematics  ; where,  after  demonftrating  a pro- 
pofition, it  is  ufed  to  point  out  how  it  might  be  done 
fome  other  way  ; or  to  give  fome  advice  or  precaution, 
in  order  to  prevent  millakes  ; or  to  add  fome  particular 
ufe  or  application  of  it. 

Wolfms  has  given  abundance  of  curious  and  ufeful 
arts  and  methods,  and  a good  part  of  the  modern  philo- 
.fophy  , with  the  defcription  of  mathematical  inftruments, 
&c  ; all  by  way  of  Scholia  to  the  refpedlive  propofitions 
in  his  Elementa  Mathefeos. 

SCHONER  (John),  a noted  German  philofo- 
pher  and  mathematician,  was  born  at  Carololladt  in 
the  year  1477,  and  died  in  1547,  at  70  years  of 
age. — His  early  propenfity  to  thofe  fciences  may  be 
deemed  a juft  prognoflication  of  the  great  progrefs 
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wlilcli  he  afterwards  made  in  them.  So  that  from  his 
uncommon  acquirements,  he  was  chofen  mathematical 
profeffor  at  Nurembnrg  when  he  was  but  a young  man. 
•He  wrote  a great  many  works,  and  wa-s  particularly 
famous  for  his  agronomical  tables,  which  he  pubh’died 
after  the  manner  of  thofe  of  Reixiomontanus,  and  to 
which  he  gave  the  title  of  on  account  of  their 

clearneTs.  But  notv^  Itliftanding  his  great  knowledge, 
he  was,  after  tlie  fafhion  of  the  times,  much  addidted 
to  judieial  ahrology,  which  he  took  great  pains  to  im- 
prove. Tiie  life  of  his  writings  is  chiefly  as  follows  : 

1.  Three  Books  of  Judicial  Aftrology. 

2.  The  Aflronomical  Tables  named  Refolut.t, 

3.  Ds  Ufu  Glohi  Steliifiri  j Re  Compojitione  Ghbi 
V.fflRiis ; Re  Ufu  Glohi  T~errf}rls-y  et  de  Compftione 
efijdem. 

4.  JEcj’iutorium  UfronoUicuni. 

5.  Ifbellus  (Is  Rplantns  Locoriim  per  Infrumenium  et 
Ktimeros  Invef  ignrdi ; . 

6.  Re  Ccmpoftior.e  Torque! t, 

7.  In  ConfiruSionem  cl  Ufum  ReRanguIl  five  Radii 
Ajlroncmici  A nn otationes. 

8.  Horarii  Cylindri  Canenes. 

9.  Planifpl'eerium^  feu  Meteor  if copium* 

10.  Orgamim  Uranievm. 

j I . Infrumentum  Impedhv.entorum  RnntS, 

All  printed  at  Nuremburg,  in  folio,  1551. 

Of  thefe,  the  large  treatife  of  dialling  rendered  him 
more  known  in  tlic  learned  world  than  all  his  other 
works  befides;  in  which  he  difeovers  a furprifing  genius 
and  fund  of  learning  of  that  kind. 

SCHOOL,  a place  where  the  languages,  humanities, 
or  arts  and  fciences,  &:c,  are  taught. 

School  is  alfo  ufed  for  a whole  faculty,  univerfity, 
or  fedl  ; as  Plato’s  fchool,  the  fchool  of  Epicurus,  the 
fchool  of  Paris,  &c. — The  fchool  of  Tiberias  was  famous 
among  the  ancient  Jews  ; and  it  is  to  this  we  owe  the 
MafTora,  and  Mafforetes. 

School  Philofophy,  &c.  the  fame  with  fchoJafic. 
SCIAGRAPHY,  or  Sciography,  the  profile  or 
vertical  fedlion  of  a building ; ufed  to  fnew  the  infide 
of  ir. 

Sciagraphy,  in  Aftronomy  S:c,  is  a term  ufed  by 
fome  authors  for  the  art  of  finding  the  hour  of  the  day 
or  night,  by  the  flmdow  of  the  fun,  moon,  flars,  &c. 
See  Dial. 

SCIENCE,  a clear  and  certain  knowledge  of  any 
thing,  founded  on  demonftratlon,  or  on  felf  evident 
principles.  — In  this  fenfe,  doubting  is  oppofed  to  fcience; 
and  opinion  is  the  middle  between  the  two. 

Science  is  more  particularly  ufed  for  a farmed  fyi^em 
of  any  branch  of  knowledge,  comprehending  the  doc- 
trine, reafon,  and  theory  of  the  thing,  without  any 
immediate  application  of  it  to  any  ufes  or  offices  of  life. 
And  in  this  fenfe,  the  word  is  uied  in  oppofition  to 
art. 

Science  may  be  divided  into  thefe  three  forts  : Elrll, 
the  knowledge  of  things,  their  conftitutions,  properties, 
and  operations,  whether  material  or  immaterial.  And 
this,  in  a little  more  enlarged  fenfe  of  the  word,  may 
be  called  phyfics,  or  natural  philofophy.  Secondly,  the 
fkill  of  rightly  applying  onr  own  powers  and  adlions 
for  the  attainment  of  good  and  ufeful  things,  as  Ethics, 
Thirdly,  lire  dodtrine  of  figns  as  worda^ 


SCIENTIFIC,  or  SciENTiFicAL,  fomething  re. 
lating  to  the  pure  and  fubliiner  fciences;  or  that  abounds 
in  fcience,  or  knowledge. 

A work,  or  method,  ^c,  is  faid  to  be  fcientlfical, 
when  it  is  founded  on  the  pure  reafon  of  things,  or 
condudled  wholly  on  the  principles  of  them.  In  which 
fenfe  the  word  ftands  oppofed  to  narrative,  arbitrary, 
opinionative,  pofjtive,  tentative,  &c. 

SCIOBTIC,  or  ScioPTRTC  Bally  a fphere  or  globe 
of  wood,  with  a circular  hole  or  perforation,  where  a 
lens  is  placed.  It  is  fo  fitted  that,  like  the  eye  of  an 
animal,  it  may  be  turned  round  every  way,  to  be  ufed 
in  making  experiments  of  the  darkened  room, 
SCIOPTRICS.  Sec  Camera  Obscura, 

_ SCIOTHERICUM  Telfccpiumy  Is  an  horizontal 
dial,  adapted  with  a telefcope  for  obferving  the  true 
time  both  by  day  and  night,  to  regulate  and  adjull  pen- 
dulum clocks,  watches,  and  other  time-keepers.  It 
was  invented  by  Mr.  Molyneux,  who  publiffied  a 
book  with  this  title,  which  contains  an  accurate  dc- 
Icription  of  this  iiillrument,  with  all  Its  ufes  and  ap- 
plications. 

SCLEROTICA,  one  of  the  common  membranes  of 
the  eye,  on  its  hinder  part.  It  La  large,  thick,  firm, 
hard,  opaque  membrane,  extended  from  the  external 
circumference  of  the  cornea  to  the  optic  nerve,  and 
forms  much  the  greater  part  of  the  external  globe  of  tlic 
eye.  The  Sclerotica  and  the  cornea  compofe  the  cafe 
in  which  all  tlie  Internal  coats  of  the  eye  and  its  humours 
are  contained. 

SCONCES,  fmall  forts,  built  for  the  defence  of 
fome  pafs,  river,  or  otlier  place.  Some  Sconces  are 
made  regular,  of  four,  five,  or  fix  baftions  ; others  are 
offmaller  dimenfions,  fit  for  paffies,  or  rivers;  and  others 
for  the  field. 

SCORE,  in  Mafic,  denotes  partition,  or  the  original 
draught  of  the  whole  compofition,  in  which  the  feveral 
parts,  viz  the  treble,  fecond  treble,  bafs,  &c.  are 
dillindlly  fcored,  and  marked. 

SCORPIO,  the  Scorpioriy  the  8th  fign  of  the  zodiac, 
denoted  by  the  charadker  itp,  being  a rude  defign  of 
the  animal  of  that  name.  / 

The  Greeks,  who  would  be  fuppofed  the  inventors  of 
aftronomy,  and  who  have,  with  that  intent,  fathered 
fome  ftory  or  other  of  their  own  upon  every  one  of  the 
conftellations,  give  a very  lingular  account  of  the  origin 
of  this  one.  They  tell  us  that  this  is  the  creature  which 
killed  Orion.  The  ftory  goes,  that  the  famous  hunter 
of  that  name  boafted  to  Diana  and  Latona,  that  he 
would  deftroy  every  animal  that  was  upon  the  earth  ; 
the  earth,  they  fay,  enraged  at  this,  fent  forth  the 
poifonous  reptile  the  Scorpion,  which  infignliicant 
creature  ftung  him,  that  he  died.  Jupiter,  they  fay, 
raifed  the  Scorpion  to  the  heavens,  giving  him  this  place 
among  the  conftellations  ; and  that  afterwards  Diana 
requelled  of  him  to  do  the  fame  honour  to  Orion,  which 
he  at  laft  confented  to,  but  placed  him  in  fuch  a fituation, 
that  when  the  Scorpion  rifes,  he  fets. 

But  the  Egyptians,  or  whatever  early  nation  it  was 
tliat  framed  the  zodiac,  probably  placed  this  poifonous 
reptile  in  that  part  of  the  heavens  to  denote  that  when 
the  fun  arrived  at  it,  fevers  and  fickneftes,  the  maladies 
of  autumn,  would  begin  to  lage.  This  they  reprefented 
by  an  animal  whofe  fting  was  of  power  to  occafion  fome 
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of  tlicm  ; and  it  was  tViiis  they  formed  all-tlic  conHel- 
iatlons. 

The  ancients  allotted  one  of  the  twelve  principal 
among  their  deities  to  be  the  guardian  for  each  of  the 
j 2 iT-ns  of  the  zodiac.  The  Scorpion,  as  their  hihory 
oF  it  made  it  a fierce  and  fatal  animal  that  iiad  killed  the 
great  Orion,  fell  naturally  to  the  proteCfion  of  the  g’od 
of  war;  Mars  is  therefore  its  tutelary  deit^;  ; and  to 
tijis  fngle  circumdaime  is  owing  all  that  jargon  of  the 
aftrologei'S,  who  tell  us  that  there  is  ,a  great  analogy 
between  the  planet  Mars  and  the  conileilation  Pcorpia. 
To  tliis  alfo  is  owing  the  doclrine  of  the  alciiyanrts, 
that  iron,  which  they  call  Mars,  is  alio  under  the  do- 
iniinon  of  the  fame  conftellation,  and  that  thetraniniu- 
talion  of  that  meted  into  gold  can  only  be  performed 
when  tliG  funn’s  in  this  fign. 

'i'he  liars  in  Scorpio,,  in  Ptolomy’s  catalogue,  arc 
2g;  in  that  of  Tycho  1 in  that  of  Hevelius  20,  but 
in  that  of  Flamlleed  and  Sharp  ^4. 

Scorpion  is  alfo  the  name  of  an  ancient  military 
engine,  ufed  chiefly  in  the  defence  of  walls,  fee. 

Marcellinns  defcribes  the  Scorpion,  as  confiding  of 
two  beams  bound  together  by  ropes.  From  the  middle 
of  tlie  two,  rofe  a third  beam,  fo  difpofeu,  as  to  be 
pulled  up  and  let  down  at  pleafure  ; and  on  the  top  of 
thisw^ere  fallened  iron  hooks,  where  a Oing  was  hung, 
eitlier  of  iron  or  hemp  ; and  under  the  third  beam  lay  a 
piece  of  hair-cloth  full  of  chaff,  tied  vr  ith  cords.  It 
had  its  name  Scorpio,  becaufe  when  the  long  beam 
or  tiller  was  eredted,  it  had  a fliarp  top  In  iTianner  of  a 
fling. 

do  life  the  engine,  a round  flone  was  put  into  the 
fling,  and  four  perfons  on  each  fide,  loofening  the  beams 
bound  by  the  ropes,  drew  back  the  eredl  beam  to  the 
hook  ; then  the  engineer,  flanding  011  an  eminence, 
gave  a ftroke  with  a hammer  on  the  chord  to  which  tue 
beam  was  fallened  with  its  hook,  which  fet  it  at  liberty; 
fo  that  hitting  agaiiift  the  foft  hair-cloth,  it  ilruck  out 
the  Hone  with  a great  force. 

SCOTIA,  in  Architecture,  a femicircular  cavity  or 
channel  between  the  tores,  in  the  bales  of  columns  ; and 
fometimes  under  the  larmier  or  dnp,  in  the  cornice  of 
the  Doric  order.  The  workmen  often  call  it  tbeCafe- 
ment,  and  it  is  alfo  otherwife  called  the  Trochilus. 

SCREW,  or  Scrub,  one  of  the  fix  mechanical 
powers  ; chiefly  ufed  in  prefiing  or  fqueezing  bodies 
clofe,  tliough  fometimes  alfo  in  ralfing  weights. 

The  Screw  is  a fpiral  thread  or  groove  cut  round  a 
cylinder,  and  everywhere  making  the  fame  angle  with 
the  length  of  it.  So  that,  if  the  furface  of  the  cylinder, 
with  this  fpiral  thread  upon  it,  were  unfolded  and 
ILretched  into  a plane,  the  fpiral  thread  would  form^  a 
‘flraight  inclined  plane,  whofe  length  would  be  to  its 
height,  as  the  circumference  of  the  cylinder  is  to  the 
diftance  between  two  threads  of  the  Screw ; as  is  evident 
by  confidering,  that  in  making  one  round,  the  fpiral 
rifes  along  the  cylinder  the  diftance  between  the  two 
threads. 

Hence  the  threads  of  a Screw  may  be  traced  upon 
the  fmooth  furface  of  a cylinder  thus  : Cut  a Iheet  of 
paper  into  the  form  of  a right-angled  triangle,  having 
its  bale  to  its  height  in  the  above  proportion,  viz,  as 
the  circumference  of  the  cylinder  of  the  Screw  is  to  the 
intended  diftance  between  two  threads  j then  wrap  this 


paper  triangle  about  the  cylinder,  and  the  hypothermfe 
ol  it  will  trace  out  the  line  of  the  fpiral  thread. 

AVhen  the  fpiral  thread  is  upon  the  outflde  of  a cylin- 
der, the  Screw  is  faid  to  be  a nuile  one.  But  it  the 
threa.d  be  cut  along  tue  inner  furface  of  a holiowcyhntlei , 
or  a round  perforation,  it  is  faid  to  be  female.  And 
this  latter  is  alfo  fometimes  called  the  loec  or  nut. 

When  motion  is  to  be  given  to  fornetuing,  tne  maie 


and  fe.male  Screw  arc  necelTarily  corjo-ined  ; 


whenever  the  1 crew  is  to  be  ufed  as  a (imple  e-ngine,  or 
mechanical  power.  But  wlieu  junned  v/n.h  an  axi-,)  m 
peritrochio,  there  is  no  occaii'in  Fcr  a i'emalc  ; but  in 
that  cafe  it  becomes  part  of  a compound  engine. 

TheScrew  cannot  properlyhe  culled  a limpie  maclun^ 
becaufe  it  is  never  ufed  wuhoiit  the  appiicdlion  of  u 
lever,  or  winch,  to  airdt  in  turning  it. 

Of  the  Force  and  Power  oj  the  Screw^ 

' I.  Tlie  force  of  a power  applied  t-o  jurn  a Screw 
round,  is  to  the  force  witli  which  it  prelies  upwards  or 
down  Vizards,  iettinty  afide  the  liiclion,  as  ^hc  CiUi.c.nce 
between  two  threads  is  to  the  circumference  where  the 


power  13 

For,  the  Screw  being  only  an  inclined  plane,  or  nam 
wedge,  whofe  helglit  is  the  d'iihmce  between  twothreads, 
and  its  bafe  the  faid  circumference;  ano.  the  foice  in 
the  horizontal  direction  being  to  that  in  the  verticai^one 
as  the  lines  perpendicular  to  them,  viz,  as  the  height 
of  the  plane,  or  diftance  of  the  t\vo  threads,  is  to  the 
bafe  of  the  plane,  or  circumference  at  the  place  where 
the  power  is  applied  ; therefore  the  power  is  to  the 
prefriii'e,  as  the  diftance  of  two  threads,  is  to  that  cir- 
cumference. 

2.  Hence,  when  the  Screw  is  put  in  motion  : then 
the  power  is  to  the  weight  which  would  keep  it  in 
ccpiilibrio,  as  the  velocity  or  the  latter  is  to  that  of  the 
former.  And  hence  their  two  momenta  are  equal, 
which  are  produced  by  miultlplyingg  each  weight  or 
power  by  its  own  velocityn  Two  duTerent  forms  of 
Screw  prelfes,  are  as  below. 


3.  Hence  we  can  eaftly  compute  the  force  of  any 

machine  turned  by  a Screw.  Eet  the  annexed  figure 

reprefent  a prefs  driven  by  a Screw,  whofe  threads  are 

each  a quarter  of  an  inch  afunder  ; and  let  the  Screw 

be  turned  by  a handle  of  4 feet  long  from  C to  D ; then 

if  the  natural  force  of  a man,  by  which  he  can  lift,  or 

pull, 
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pull,  or'draw,  be  i pounds ; and  it  be  required  to 
deterniine  with  what  force  the  Screw  will  prefs  on  the 
boards  wlien  the  man  turns  the  handle  at  C and  D with 
Iris  whole  force.  The  diameter  CD  of  the  power  being 
4 feet,  or  48  inches,  its  circumference  is  48  X 3*1416 
or  I) of  nearlp  ; and  the  diftance  of  the  threads  being 
4 -of  an  inch  ; thereiore  the  power  is  to  the  prelTure,  as 
*4  to  or  as  i to  6031  : but  the  power  is  equal  to 

1 )Olb  ; therefore  as  i : 6o3-|- : : 150  90,480;  and 

confeqnently  the  prelfiire  at  the  bottom  of  the  Sciew, 
is  equal  to  a weigdit  of  90,480  pounds,  independent  ot 
friction. 

But  the  power  has  to  overcome,  not  only  the  weight, 
or  other  refiftance,  but  alfo  the  friction  of  the  Screw, 
which  in  this  machine  is  very  great,  in  fome  cales  equal 
to  the  weight  itielf,  fince  it  is  fometimes  fufficieiit  to 
fuftain  the  weight,  when  tlie  power  is  taken  off. 

Mr.  Hunter  has  defcrihed  a new  method  of  applying 
the  Screw  with  advantage  in  particular  cafes,  in  the 
Pliilof.  Tranf.  vol.  71,  pa,  38  &c. 

The  End/'efs  vScrew,  or  Pirpetual  Screw,  is  one 
v.’hich  works  in,  and  turns,  a dented  wheel  DF,  v.  ithout 
a concave  or  female  Screw  ; being  fo  called  becaule  it 
may  be  turned  for  ever,  without  coming  to  an  end. 
Frimi  the  following  fchemes  it  is  evident,  that  while 
the  Screw  turns  once  round,  the  wheel  only  advances 
thediffance  of  one  tooths 


I.  If  the  power  applied  to  the  lever,  or  handle,  of 
an  endlefs  Screw  AB,  be  to  the  weight,  in  a ratio 
compounded  of  the  periphery  of  the  axis  of  the  wheel 
EH,  to  the  periphery  deferibed  by  the  power  in  turning 
the  handle,,  and  of  the  revolutions  of  the  wheel  DF  to 
the  revolutions  of  the  Screw  CB,  the  power  will  balance 
the  weight.  Hence, 

• 2.  As  the  motion  of  the  wheel  Is  very  flow,  a fmall 
power  may  raife  a very  great  weight,,  by  means  of  an 
endlefs  Screw.  And  therefore  the  chief  ufe  of  fuch  a 
Screw  is,  eitlier  v/hcre  a great  weight  is  to  be  raifed 
through  a little  fpace  ; or  where  only  a_  flow  gentle 
motion  is  vranted.  For  which  reafon  it  is  very  ufeful 
in  clocks  and  watches. 

3.  Having  given  the  number  of  teeth,  the  diffance 
of  the  power  from  the  centre  of  tlie  Screw  B,  the  radius 
of  the  axis  HE,  and  the  power  ; to  find  the  weight  It 
will  raife.  Multiply  the  diffance  of  the  power  from  the 
centre  of  the  Screw  AB,  by  the  number  of  the  teeth, 
and  theprodudl  will  he  the  fpace  paffed  through  by  the 
power,  while  the  weight  paffes  tlirough  a fpace  equal 
to  the  periphery  of  the  axis then  fa)q  as  the  radius  of 


the  axis  is  to  the  fpace  of  the  power  juff  foiiud,  fo  is 
the  povyer  to  a 4th  proportional,  which  will  he  tlie 
•weight  the  power  Is  able  to  fuflain.  Thus,  if  AB  3, 
the  radius  of  the  axis  HE  =:  i,  the  power  150  pounds, 
and  the  number  of  teeth  of  the  wheel  DF  48  ; then  the 
weight  will  be  found  = 2l,6co  = 3 X 130  X 48. 
Whence  it  appears  that  the  endlefs  Screw  exceeds  ail 
others  In  increafing  the  foice  of  a power. 

4.  A machine  for  fliewlng  the  power  of  the  Screw 
may  be  contrived  In  the  following  manner.  Let  the 
wheel  C (laff  fig. ) have  a Screw  a b on  its  axis,  working 
in  the  teeth  of  the  wheel  D,  v/hich  fuppofe  to  be  48 
in  number.  It  is  plain  that  for  every  revolution  of  the 
wheel  C,  and  Screw  by  the  winch  A,  the  wheel  D 
will  be  moved  one  tooth  by  the  Screw  ; and  therefore 
in  48  revolutions  of  the  winch,  the  wheel  D will  he 
turned  once  round.  Then  if  the  circumference  of  a 
circle,  deferibed  by  the  handle  of  the  winch,  be  equal 
to  the  circumference  of  a groove  e round  the  wheel  D, 
the  velocity  of  the  handle  will  be  48  times  as  great  as 
the  velocity  of  any  given  point  in  the  groove.  Conle- 
quently  when  a line  (I  goes  round  the  groove  e,  ai.cl 
has  a weiglit  of  481b  hung  to  it  below  tire  pedellal  EF, 
a power  equal  to  o.w  pound  at  the  handle  will  balance 
and  fiipport  the  weight. 

Archimeded i Screw,  is  a fpiral  pump,  being  a ma- 
chine for  raifing  vvatcr,  firll  invented  by  Archimedes. 

Its  llruftuie  and  ufe  will  he  underilood  by  the  fol- 
lowing defci/ption  of  it. 

ABCD  ( H.  xxiii,  fig.  6)  isa  wheel,  whicli  is  turned 
round,  according  to  the  order  of  thofe  letters,  by  the 
fall  of  water  LF,  vvhieU  need  not  be  more  than  3 feet. 
BTe  axis  G of  tlie  wheel  is  raifed  fo  as  to  make  an  anHe 
of  about  44°  with  the  liorizou  ; and  on  the  top  of  that 
axle  rs  a wheel  H,  which  turns  fuch  another  wheel  I of 
the  fame  number  of  teetli  ; the  axle  K of  this  laff  wheel 
being  parallel  to  the  axle  G of  the  two  former  wheels. 
The  axle  G is  cut  Into  a double  threaded  Screw,  as 
in  the  annexed  figure  (fig.  7),  exaclly  refemhling  the 
Screw  on  the  axis  of  the  fly  of  a common  jack,  which 
muff  be  what  is  called  a right-handed  Screw,  if  the  firff 
wheel  turns  in  the  diredlion  ABCD;  hut  a left-handed 
Screw,  if  the  ffream  turns  the  wheel  the  contrary  way ; 
and  the  Screw  on  the  axle  G muff  be  cut  in  a contrary 
way  to  that  on  the  axle  K,  becaufe  thefe  axles  turn  in 
contrary  diredlions.  Thde  Screws  muff  be  covered 
clofe  over  with  hoards,  like  thefe  of  a cylindrical  calk  ; 
and  then  they  will  be  fpiral  tubes.  Or  they  may  be 
made  of  tubes  or  pipes  of  lead,  and  wrapt  round  the 
axles  In  fliallow  grooves  cut  in  it,  like  the  figure  8. 
The  lower  end  of  the  axle  G turns  condantly  in  the 
fitream  that  turns  the  wheel,  and  the  lower  ends  of  the 
fpiral  tubes  are  open  into  the  water.  So  that,  as  the 
wheel  and  axle  arc  turned  round,  the  water  rifes  in  the 
fpiral  tubes,  and  runs  out  at  L througli  the  holes  M, 
x\h  as  they  come  about  below  the  axle.  I’liefe  ludes, 
of  which  there  may  he  any  number,  as  4 or  6,  are  in 
a b'road  clofe  ring  on  the  top  of  the  axle,  into  which 
ring  the  water  is  delivered  from  the  upper  open  ends  ofi 
the'Serew  tubes,  and  falls  into  the  open  box  N.  The 
lower  end  of  the  axle  K turns  on  agudgeon  in  the  water 
in  N ; and  the  fpiral  tubes  in  that  axle  take  iiothe  water 
from  N,  and  deliver  it  into  another  Inch  box  under 
the  top  of  K y on  which  there  may  be  fuch  ano'^hcr 
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wheel  as  T,  to  turn  a third  axle  by  fuch  a wheel  upon 
it.  And  in  this  manner  may  water  be  raifed  to  any 
propofed  height,  when  there  is  a ftream  fniheient  loi 
tliat  purpofe  to  acl;  on  tlie  broad  hoat  boards  of  the  hi  ib 
wheel.  An'himedes’s  Screw,  ora  hill  hmpler  form  of 

it,  is  alfo  reprefented  in  hg.  9. 

SCROLLS,  or  ScROWLs,  or  Voluits,  a term  in 

Architecture.  See  Volutes. 

SCRUE.  See  Screw. 

SCRUPI.E,  the  It  aft  of  the  \veights  ufed  by  the 
ancients.  Among  the  Romans  it  was  the  24th  part  of 
an  ounce,  or  the  third  part  of  a drachm. 

Scruple  is  hill  a fmall  weight  among  us,  equal  to 
20  grains,  or  the  3d  part  of  a drachm.  Among  gold* 

fraiths  the  fcruple  is  24  grains.  ^ . 

Scruple,  in  Chronology,  a fmall  portion  of  time 
much  ufed  by  the  Chaldeans,  Jews,  Arabs,  and  other 
eaftern  people,  in  computations  of  time.  It  is  the 
1080th  part  of  an  hour,  and  by  the  Hebrews  called 
held  kin. 

Scruples,  in  Aftronomy.  As 

Scruples  Eclipjidy  denote  that  part  of  the  moon  s 
diameter  which  enters  the  fliadow,  expreffed  in  the  fame 
nieafure  in  which  the  apparent  diameter  of  the  moon  is 
expreffed  See  33igit. 

Scruples  of  Ha f Duration,  an  arch  of  the  moon’s 
orbit,  whicli  the  moon’s  centre  defcribes  from  the  be* 
gintdng  of  ail  eclipfe  to  its  middle. 

Scruples  of  Immerfion,  or  Incidence,  anarch  of  the 
moon’s  orbit,  which  her  centre  defcribes  from  the  be- 
ginning of  the  eclipfe,  to  the  time  when  the  centre  falls 
into  the  fhadow.  See  Immersion. 

Scruples  of  Emerjion,  anarch  of  the  moon’s  orbit, 
which  her  centre  defcribes  in  the  time  from  the  firil 
emerfion  of  the  moon’s  limb,  to  the  end  of  the  eclipfe. 

SCYTALA,  in  Mechanics,  a term  which  fome 
writers  ufe  for  a kind  of  radius,  or  fpoke,  ftanding  out 
from  the  axis  of  a machine,  as  a lever  or  handle,  to  turn 
it  round,  and  work  it  by. 

SEA,  in  Geography,  is  frequently  ufed  for  that  vad 
traff  of  water  encompaffing  the  whole  earth,  more 
properly  called  ocean.  But 

Sea  is  more  properly  ufed  for  a particular  part  or 
divifion  of  the  ocean,  denominated  from  the  countries 
it  walhes,  or  from  other  clrcum dances.  Thus  we  fay, 
the  Irifh  fea,  the  Mediterranean  fea,  the  Baltic  fea, 
the  Red  fea,  &c. 

Sea  among  failors  is  varioully  applied,  to  a Tingle 
wave,  or  to  the  agitation  produced  by  a multitude  of 
waves  in  a temped,  or  to  their  particular  progrefs  and 
diredion.  Thus  they  fay,  a heavy  fea  broke  over  our 
quarter,  or  we  fhipped  a heavy  fea  ; there  is  a great 
lea  in  the  offing ; the  fea  fets  to  the  fouihvvard.  Hence 
a (hip  is  faid  to  head  the  fea,  when  her  courfe  is  oppofed 
to  the  fetting  or  diredion  of  tfie  furges.  A Long  Sea 
implies  a deady  and  uniform  motion  of  long  and  ex- 
tenfive  waves.  On  the  contrary,  a Short  Sea  is  when 
they  run  irregularly,  broken,  and  interrupted,  fo  as 
frequently  to  burd  over  a veffel’s  fide  or  quarter. 

Properties  and  AfeBions  of  the  Sea. 

I.  General  Motion  of  the  Sea.  M«  Haffie  of  Pans, 
in  a work  long  fmee  publilhed,  has  been  at  great  pains 


to  prove  that  the  Sea  has  a general  motion,  independent 
of  winds  and  tides,  and  of  more  coiifequence  in  navi- 
gation than  is  ufually  fuppofed.  ^ He  affirms  that  this- 
motion  is  from  ead  to  wed,  ii  dining  toward  the  north 
when  the  fun  is  on  the  north  fide  of  the  equinodial, 
but  toward  the  fouth  when  he  is  on  the  fouth  fide  of  it. 
Fhllof.  Tranf.  No.  135. 

2.  Hafon  or  Bottom  of  the  Sea,  or  Pimdns  A'Taris,  ^ 
term  ufed  to  exprefs  the  bed  or  bottom  of  the  fea  in. 
gener  al,  Mr.  Boyle  has  publilhed  a treatife  on  this 
fubjed,  in  which  he  has  given  an  account  of  its  irre- 
gularities and  various  depths  founded  on  the  obferva, 
tions  communicated  to  him  by  mariners. 

Count  Marfigli  has,  fince  his  time,  given  a muck 
fuller  account  of  this  part  of  the  gloVe.  The  materi- 
als which  compofe  the  bottom  of  the  Sea,  may  realon- 
ably  be  fuppofed,  in  fome  degree,  to  influence  the  tade 
of  its  waters;  and  this  auih:)r  has  made  many  experi- 
ments to  prove  that  foffil  coal,  and  other  bituminous 
fubdauces,  which  are  found  in  plenty  at  the  bottom  of 
the  Sea,  may  communicate  in  gi'eat  part  its  bitternefs 

to  it.  ^ ; 

It  is  a general  rule  among  failors,  and  is  found  to 
hold  true  in  many  indances,  that  the  more  the  ffiores 
of  any  place  are  deep  and  high,  forming  perpendicular 
cliffs,  the  deeper  the  Sea  is  below ; and  that  on  the 
contrary,  level  ffiores  denote  ffiallow  Seas.  fhiis  the 
deeped^part  of  the  Mediterranean  is  generally  allowed 
to  be  under  the  height  of  Malta.  And  the  obfervation 
of  the  ftrata  of  earth  and  other  foffils,  on  and  near  the 
ffiores,  may  ferve  to  form  a good  judgment  as  to  the 
materials  to  be  found  in  its  bottom.  For  the  veins  of 
fait  and  of  bitumen  doubtlefs  run  on  the  fame,  and  in 
the  fame  order,  as  we  fee  them  at  land  ; and  the  drata 
of  rocks  that  ferve  to  fupport  the  earth  of  hills  and 
elevated  places  on  ffiore,  ferve  alfo,  in  the  fame  contR 
nued  chain,  to  fupport  the  immenfe  quantity  of  water 
in  the  bafon  of  tlie  Sea. 

The  coral  fiflieries  have  given  occafion  to  obferve 
that  there  are  many,  and  thofe  very  large  caverns  or 
hollows  in  the  bottom  of  the  Sea,  efpecially  where  it  is 
rocky  ; and  that  the  like  caverns  are  fometiines  found 
in  the  perpendicular  rocks  which  form  ihe  deep  Tdes  of 
thofe  liffieries.  Tiiefe  caverns  are  often  of  great  depth, 
as  well  as  extent,  and  have  fometimes  wide  mouths, 
and  fometimes  only  narrow  entrances  into  large  andlpa* 
cious  hollows. 

The  bottom  of  the  Sea  is  covered  with  a variety  of 
matters,  fuch  as  could  not  be  imagined  by  any  but  thofe 
who  have  examined  into  it,  efpecially  in  deep  water, 
where  the  furface  only  is  diduibed  by  tides  and  dorms, 
the  lower  part,  and  confequently  Its  bed  at  the  bottom, 
remaining  for  ages  perhaps  undidurbed.  d he  found- 
ings, when  the  plurpmet  Trd  touches  the  ground  on 
approaching  the  ihores,  give  fome  idea  of  this.  The 
bottom  of  the  plummet  is  hollowed,  and  in  that  hollow 
there  is  placed  a lump  of  tallow’’  ; which  being  the  part 
that  fil'd  touches  the  ground,  the  foft  nature  of  the  fat 
receives  into  it  fome  part  of  thofe  lubdances  which  it 
meets  with  at  the  bottom:  this  matter,  thus  brought 
up,  is  fometimes}  Li  e fand,  fometimes  a kind  of  fa  d 
made  of  the  fragment  of  ihelis,  beaten  to  a fort  of 
powder,  fometimes  it  is  made  of  a like  powder  of  the 
feveral  forts  of  corals,  and  fometimes  it  is  compofed 
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•or  fragments  oF  rocks  ; but  bcfide  tbefe  appearances, 
which  are  natural  enough,  and  are  what  might  well  be 
expcdled,  it  brings  up  fubftances  which  are  of  the 
moil  beautiful  colours.  Marfigli  Hill.  Phyf,  de  la 
Jvfcr. 

Dr.  Donati,  in  sn  It'alian  work,  containing  an  elTay 
towards  a natural  hiilory  of  the  Adriatic  Sea,  printed 
at  Venice  in  1750,  has  related  many  curious  obferva- 
tions  on  this  fiibied,  and  which  confirm  the  obferva- 
tions  -of  Marfip-li  ; having'  carefuilv  examiticd  the  foil 
and  productions  of  the  various  countries  that  furround 
the  Adriatic  Sea,  and  compared  them  with  thofe  which 
he  took  up  from  the  bottom  of  the  Sea,  he  found  that 
there  is  very  little  difference  between  the  former  and  the 
latter.  At  the  bottom  of  tlie  water  there  are  moun- 
tains, plains,  vallies,  and  cavern^:,  funilar  to  thofe  upon 
land.  Tlie  foil  confiils  of  different  flrata  placed  one 
upon  another,  and  mofily  parallel  and  correfpondent 
to  thofe  of  the  rocks,  iflands,  and  neighbouring  con- 
tinents. They  contain  Hones  of  different  forts,  mine- 
rals, metals,  various  putrefied  bodies,  pumice  Hones, 
and  lavas  formed  by  volcanos. 

One  of  the  objeds  which  rnoH  excited  his  attention, 
was  a cruH,  which  he  difeovered  under  the  water,  com- 
pofed  of  cruft aceous  and  teftaccous  bodies,  and  beds  of 
polypes  of  different  kinds,  confufcdly  blended  with 
earth,  fand,  and  gravel  ; the  different  marine  bodies 
wTich  form  this  cruft,  are  found  at  the  de])tli  of  afoot 
or  more,  entirely  petrified  and  reduced  into  marlHe  ; 
thefe  he  fuppoles  are  naturally  placed  under  the  Sea 
■v\dien  it  covers  theiiA,  and  not  by  means  of  volcanos  and 
earthquakes,  as  fome  have  conjedured.  On  this  ac- 
count he  imagines  that  the  bottom  of  the  Sea  is  con* 
Hantly  rifing  higher  and  higher,  with  which  other 
obvious  caufes  of  increafe  concur  ; and  from  this  rifing 
of  the  bottom  of  tlie  Sea,  that  of  its  level  or  furface 
naturally  iA:fults  ; in  proof  of  which  this  writer  recites 
a great  number  of  fads.  Philof.  Tran^.  vol.  49, 
pa.  584. 

3.  Luminoufnefs  of  the  Sea.  This  is  a phenomenon 
that  has  been  noticed  by  many  nautical  and  philofophi- 
cal  writers,  hlr,  Boyle  aferibes  it  to  fome  cofmical 
law  or  cuftom  cf  the  terreftrial  globe,  or  at  IcaH  of  the 
planetary  vortex. 

Father  Hourzes,  In  his  voyage  to  the  Indies,  in 
1704,  took  particular  notice  of  this  phenomenon,  and 
very  minutely  deferibes  it,  without  a.(Hgning  the  true 
caufe. 

The  Abbe  Nollet  was  long  of  opinion,  that  tlieligiit 
of  the  Sea  proceeded  from  eledricity  ; and  others 
have  had  reeourfe  to  the  fame  principle,  and  Hiewn 
that  the  luminous  points  in  the  furface  of  the  Sea  are 
produced  merely  by  fridion. 

There  are  however  two  otlier  hypotliefes,  which 
hare  more  geneially  divided  between  them  the  fokitloii 
of  this  phenomenon  ; the  one  of  thefe  aferibes  it  to 
the  fnining  of  luminous  inHds  or  animalcules,  and  the 
other  to  the  light  proceeding  from  the  putrefadion 
of  animal  fubftances.  The  Abbe  Nollet,  who  at  firH 
confidertd  this  luminoufnefs  as  an  tledirical  phenome- 
non, having  had  an  opportunity  of  obferving  the  cir- 
cumllances  of  it,  when  he  was  at  Venice  in  1749,  re- 
linquifhed  his  former  opinion,  and  concluded  that  it 
was  cccafioned  either  by  the  luminous  afped,  or  by 
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fome  liquor  or  effiiivia  of  an  infed  which  he  parti- 
cularly deferibes,  thougli  he  does  not  altogether  ex- 
clude other  caufes,  and  efpecially  the  fpavvn  or  fry 
of  fifti. 

The  fame  hypothefis  had  alfo  occurred  to  M.  Via- 
nelli  ; and  both  he  and  Grizelhni,  a phyfician  In 'Ve- 
nice, have  given  drawings  of  the  infeds  from  which 
they  Imagined  this  light  to  proceed.  , 

A fimilar  conjedlure  is  propofed  by  a correfpondent 
of  Dr,  Franklin,  in  a letter  read  at  the  Royal  Societv 
in  1756;  the  writer  of  wlrlcK  apprehends,  that  this 
appearance  may  be  caufed  by  a great  number  of 
little  animals,  floating  on  the  furface  of  the  Sea.  And 
Mr.  Forfler,  in  his  account  of  a voyage  round  the 
world  with  captain  Cook,  in  the  years  1772,  3,  4, 
and  5,  deferibes  this  phenomenon  as  a kind  of  blaze  of 
the  Sea  ; and,  having  attentivdy  examined  fome  of  the 
fhining  water,  exprefles  his  convidion  that  the  appear- 
ance wms  occafiontd  by  innumerable  minute  animals  of 
a round  fnape,  moving  through  the  water  in  all  direc- 
tions, which  fliow  feparately  as  fo  many  luminous  fparks 
when  taken  up  on  tlie  hand  : he  imagines  that  thefe 
fmall  gelatinous  luminous  fpecks  may  be  the  young  frv 
of  certain  fpecies  of  fome  m.edufae,  or  blubber.  And 
M.  Dagelat  and  M.  Rigaud  obferved  feveral  times,  and 
in  different  parts  of  the  ocean,  fuch  luminous  appear- 
ances by  vail  mafles  of  difterent  animalcules  ; and  a few 
days  after  the  Sea  was  covered,  near  the  coaHs,  with 
whole  banks  of  fmali  fifli  in  innumerable  rrtultitudes, 
which  they  fuppofed  had  proceeded  from  the  Ihining 
animalcules. 

But  M.  le  Roi,  after  giving  much  attention  to  this 
phenomenon,  concludes  that  it  Is  not  occafioned  by  ary 
fhining  infeds,  efpecially  as,  after  carefully  examining 
with  a microfeope  fome  of  the  luminous  points,  he 
found  them  to  hnve  no  appearance  of  an  animal  ; and 
he  alfo  found  that  the  mixture  of  a little  fpirit  of  wine 
with  water  juft  drawn  from  the  Sea,  would  give  the 
appearance  of  a great  number  of  little  fparks,  which 
would  continue  vlfible  longer  than  thofe  in  the  ocean  : 
the  fame  effed  was  produced  by  ail  the  acids,  and  vari- 
ous other  liquors.  M.  le  Roi  Is  far  from  afferting  that 
there  are  no  luminous  infeds  in  the  vSea ; for  he  allows 
that  fevera!  gentlemen  have  found  them  ; but  he  is  fatlf- 
fied  that  the  Sta  is  luminous  chiefly  on  fome  otlier  ac- 
count, though  he  does  not  fo  much  as  offer  a conjedure 
with  relped  to  the  true  caufe. 

Other  authors,  equally  diffatlsfied  wn'th  tlie  hypothefis 
of  luminous  inleds,  for  explaining  the  phenomenon 
w’liich  is  the  fubjed  of  this  article,  have  afcribed  it  to 
fome  fu' fiance  of  the  j)hofphoric  kind,  arifing  from 
putrefadion.-  The  oblervations  of  F.  Bourzes,  above 
referred  to,  render  it  very  probable,  tliat  the  luminouf- 
nefs of  the  Sea  arifes  from  flimy  and  oth.cr  putrefeent 
niatter,  with  which  it  abounds,  though  he  docs  not 
mention  the  tendency  to  put  reaction,  as  a clrcum- 
flance  of  any  conrequciicc  to  the  appearance.  But  the 
experiments  of  Mr.  Canton,  which  have  the  advantage 
of  being  cafily  made,  feem  to  leave  no  room  to  doubt 
that  the  lumlnoiifnefs  of  the  Sea  is  chiefly  owing  to 
putrefadion.  And  his  ex})erimcnts  confirm  an  obfer- 
vatloii  of  Sir  John  Pringle’s,  that  the  quantity  of  fait 
■contained  in  Sea  w'ater  haffens  putrefadion  ; but  fince 
that  precile  quantity  of  fait  which  promotes  {)utie- 
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faction  the  mofi,  is  lefs  than  tha.t  which  is  found  in 
Sea-water,  it  is  probable,  Mr.  Canton  obferves,  that 
if  the  Sea  v/erc  lefs  ialt,  it  would  be  more  luminous. 
See  Philof.  Tranf,  voh  44^>  bianjilin  s 

Exper.  and  Obierv.  pa.  27 

Of  the  Difth  of  the  Sea,  its  Surface,  Cf 

What  proportion  the  rupcriicics  of  the  Sea  bears  to 
that  of  the  land,  is  not  accinately  known,  though  it 
is  faid  to  be  fomewhat  more  than  two  to  one.  This  pro- 
portion of  the  furface  of  the  Sea  to  the  land,  has 
been  found  by  experiment  thus:  taking  the  printed 
paper  map  or  covering  of  a terreilrial  globe,  with 
a pair  of  feiffors  clip  out  tlie  parts  that  are  land,  and 
tliofe  that  are  W2iter  ; then  weighing  thefe  parcels  iepa- 
rately  in  a pair  of  fine  fcales,  the  land  is  found  to  be 
near  f,  and  the  wa^er  rather  more  than  f of  the  whole. 

With  regard  to  the  profundity  or  depth  of  the  Sea, 
Varenius  affirms,  that  it  is  in  fome  ' places  unfathom- 
able, and  in  others  very  various,  being  in  certain  places 
from  ^~th  of  a mile  to  4b  miles  in  depth,  in  other 
places  deeper,  but  much  lefs  in  bays  than  in  oceans, 
in  general,  the  depths  of  the  Sea  bear  a great  analogy 
to  the  height  of  mountains  on  the  land,  fo  far  as  is 
hitherto  difeovered. 

There  are  two  fpecial  reafons  wliy  the  Sea  does  not 
increafe  by  means  of  rivers,  &c,  running  every  where 
into  it.  The  nrfl  is,  becaufe  waters  return  from  the 
Sea  by  fubterranean  cavities  and  aquedufts,  through  va- 
rious parts  of  the  earth.  Secondly,  becaule  the  quan- 
tity of  vapours  raifed  from  the  Sea,  and  falling  in  rain 
upon  the  land,  only  caufe  a circulation  of  the  water, 
but  no  increafe  of  it.  It  has  been  found  by  experi- 
ment and  calculation,  that  in  a fummer’s  day,  there 
may  be  raifed  in  vapours  from  the  furface  of  the  Medi- 
terranean Sea,  528  millions  of  tuns  of  water;  and  yet 
this  Sea  receiveth  not,  from  all  its  nine  great  rivers, 
above  183  millions  of  tuns  per  day,  which  is  but  about 
a third  part  of  what  is  exhaufled  in  vapours  ; and  this  de- 
fedlin  the  fupply  by  the  rivers,  may  ferve  to  account  for 
the  continual  influx  of  a current  by  the  mouth  or  flraits 
at  Gibraltar.  Indeed  it  is  rather  probable,  that  the 
waters  of  the  Sea  fuffer  a continual  flow  decreafe  as  to 
their  quantity,  by  finking  always  deeper  into  the  earth, 
by  filtering  through  the  filfures  in  the  flrata  and  com- 
ponent parts, 

SEASONS,  certain  portions  or  quarters  of  the 
year,  diftinguiflied  by  the  figns  wdiich  the  fun  then 
enters.  Upon  them  depend  the  different  tempera- 
tures of  the  air,  different  works  in  tillage,  &c.  t 

The  year  is  divided  into  four  Seafons,  fpring,  futn- 
mer,  autumn,  winter,  which  take  their  beginnings 
when  the  fun  enters  the  firfl  point  of  the  figns  Aries, 
Cancer,  Libra,  Capricorn. 

Tlie  Seafons  are  very  well  illuflratedby  fig.  I , plate  viii ; 
where  the  candle  at  I reprefents  the  fun  in  the  centre, 
about  which  the  earth  moves  in  the  ecliptic  ABCD, 
which  cuts,  the  eqiiinoft ial  ahei  in  the  two  equinoxes  E 
and  G.  When  the  earth  is  in  thefe  two  points,  it  is  evi- 
dent that  the  fun  equally  illuminates  both  die  poles,  and 
makes  the  days  and  niglits  equal  all  over  the  earth. 
But  while  the  earth  moves  from  G by  C to  VSj  the  up- 
per or  norih  pole  becomes  more  and  more  enlightened, 
the  days  become  longer,  and  the  nights  fliorter  j fo 
that  when  the  earth  is  at  "/jP,  or  the  fun  at  our 


days  are  at  the  longed,  as  at  rnidfanimer.  WlfiL 
the  earth  moves  from  by  D to  £,  our  days  conTu;:i- 
ally  decreafe,  by  the  north  pole  gradually  decliiiing 
from  the  fun,  till  at  E or  autumn  they  become  equal 
to  the  nights,  or  12  hours  long.  Again,  while  the- 
earth  moves  from  E by  A to  the  north  pole  becomes 
always  more  and  more  involved  in  darknefs,  and  the 
days  grow  always  fliorter,  till  at  F or  ts?  when  , it  is 
midwinter  to  the  inhabitants  of  the  northern  lieini- 
fphere.  Xmiftly,  while  the  earth  moves  from  05  by  B 
to  G,  the  north  parts  come  more  and  more  out  of 
darknefs,  and  the  days  grow  continually  longer,  till  at 
G the  two  poles  are  equally  enlightened,  and  the  days 
equal  to  the  nights  again.  And  fo  on  continually  year 
after  year. 

SECANT,  in  Geometry,  a line  that  cuts  another,^ 
whether  right  or  curved  ; Thus 
tlie  line  PA  or  PB,  &:c,  is  a Se- 
cant of  the  circle  ABD,  becaufe 
cutting  it  in  the  point  F,  or  G, 

Ac.  Prooerties  of  fuch  Secants 

3 

to  the  circle  are  as  follow  : 

1.  Of  feveral  Secants  PA,  PB, 

PD,  Ac,  drawn  from  the  fame 
point  P,  that  wliich  paiTes  through 
the  centre  C is  the  greatefl ; and 
from  thence  they  decreafe  more 
and  more  as  they  recede  farther 
from  the  centre  ; viz.  PB  lefs  than  PA,  and  FD  lefs 
than  PB,  and  fo  on,  till  they  arrive  at  the  tangent  at 
E,  which  is  the  limit  of  ail  the  Secants, 

2.  Of  thefe  Secants,  the  external  parts  PF,  PG,  PH,. 
Ac,  are  in  the  reverfe  order,  increaiing  continually 
from  F to  E,  the  greater  Secant  having  the  lefs  exter- 
nal part,  and  in  fuch  fort,  that  any  Secant  and  its- 
external  part  are  in  reciprocal  proportion,  or  the  whole 
is  reciprocally  as  its  external  part,  and  confequently 
that  the  rectangle  of  every  Secant  and  its  external  part 
is  equal  to  a conflant  quantity,  viz,  the  fquare  of  the 
tangent.  That  is, 

PA  : ^ : PB  : ^ : PD  : ^ &c, 

or  PA  X PF  = PB  X FG  = PD  X PH  = PE'*. 

3.  The  tangent  PE  is  a mean  proportional  between 
any  Secant  and  its  external  part  ; as  between  PA  and 
FE',  or  PB  and  PG,  or  PD  and  PH,  Ac. 

4..  The  angle  DPB,  formed  by  two  Secants,  is  mea- 
fured  by  half  the  difference  of  its  intercepted  arcs  DIP 
and  GH» 

Secant,  in  Trigonometry,  denotes  a right  line 
drawn  from  the  centre  of  a circle,  and,  cutting  the' 
circumference,  proceeds  till  it  meets  with  a tangent  to* 
the  fame  circle. 

Ihiis,  the  line  CD,  drawn 
from  the  centre  C,  till  it  meets 
the  tangent  BD,  is  called  a Se- 
cant ; and  particularly  the  Se- 
cant of  the  tire  BE,  to  which 
BD  is  a tangent.  In  like  man- 
ner, by  producing  DC  to 
meet  the  tangent  Ar/ in  r/,  then 
Cr/,  equal  to  CD,  is  the  Secant 
of  the  arch  AE  which  is  the 
fupplement  of  the  arch  BE. 
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•So  tliat  an  arch  and  its  fapplement  have  their  Se- 
cants equal,  only  the  latter  one  is  negative  to  the 
former,  being  drawn  the  contrary  way.  And  thus 
the  Secants  in  the  2d  and  3d  quadrant  are  negative, 
while  t'hofe  in  the  ill:  and  4th  quadrants  are  politive. 

The  Secant  Cl  of  the  arc  EF,  which  is  the  comple- 
ment of  the  former  arch  BE,  is  called  the  cofecant  of 
•BE,  or  the  Secant  of  its  complement.  The  cofecants  in 
the  id  and  2d  quadrants  are  affirmative,  but  in  the  3d 
and  qtli  negative. 

The  Secant  of  an  arc  is  reciprocally  as  the  cofine, 
and  the  cofecant  reciprocally  as  the  fine  ; or  the  rect- 
angle of  the  Secant  and  cofine,  and  the  rectangle  of 
the  cofecant  and  fine,  are  each  equal  to  the  fquare  of 
the  radius. 

For  CD  : CE  : : CB  ; CH,  or y*:  r : : r : r, 
and  Cl  : CE  ; : CF : CK,  or  cr  : r : ; r : j ; 

and  confequently  ~ cf  — so- ; where  r denotes  the 
radius,  s the  line,  c the  cofine,  J the  Secant,  and  a- 
the  cofecant. 


An  arc  rz,  to  the  radius  r,  being  given,  the  Secant 
yi  and  cofecant  cr,  and  their  logarithms,  or  the  logarith- 
mic Secant  and  cofecant,  may  be  expreffed  in  iniinite 
feries,  as  follows,  viz. 
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where  m is  the  modulus  of  the  fyftem  of  loga- 
rithms. 


Secants,  Figure  of.  See  Figure^  Secants. 

Secants,  Line  of , See  Sector,  and  Scale. 

SECOND,  in  Geometry,  or  Adronomy,  &c,  the 
60th  part  of  a prime  or  minute  ; either  in  the  divifion 
of  circles,  or  in  the  meafure  of  time.  A degree,  or  an 
hour,  are  each  divided  into  60  minutes,  marked 
thus';  a minute  is  fubdivided  into  60  Seconds,  marked 
thus  " ; a Second  into  60  thirds,  marked  thus  ; &c. 

We  fometimes  fay  a Second  minute^  a third  minute, 
See,  but  more  ufually  only  Second,  third,  &c. 

The  Seconds  pendulum,  or  pendulum  that  vibrates 
Seconds,  in  the  latitude  of  London,  is  39k  inches  long-, 

SECONDARY  Circles  of  the  Fcliptic,  are  circles 
of  longitude  of  the  Ears  ; or  circles  which,  paffing 
through  the  poles  of  the  ecliptic,  are  at  right  angles 
to  the  ecliptic. 

By  means  of  thefe  Secondary  circles,  all  points  in 
the  heavens  are  referred  to  the  ecliptic ; that  is, 
sny  ftar,  planet,  or  other  phenomenon,  is  underftood 
to  be  in  that  point  of  the  ecliptic,  which  is  cut  by 
the  Secondary  circle  that  paffes  through  fuch  ftar,  &c. 

If  two  ftars  be  thus  referred  to  the  fame  point  of 
the  ecliptic,  they  are  faid  to  be  in  conjunaion  ; if  in 
oppofite  points,  they  are  in  oppofition  ; if  they  are 


referred  to  two^  points  at  a quadrant’s  diftance,  they 
are  faid  to  be  in  a qiiartile  afpeT  , if  the  points  dif- 
fer a 6th  part  of  the  ecliptic,  they  are  in  fextile  ai- 
pe6l,  &c. 

Jn  general,  all  circles  that  interfed  one  of  tlie  fix 
greater  circles  of  the  fphere  at  right  angles,  may  be 
called  Secondary  circles.  As  the  azimuth  or  vertical 
circles  in  refpedt  of  the  hoiizon,  &c  ; the  meridian  in 
refpedt  of  the  equator,  &c. 

Secondary  Planets,  or  Satellites,  are  thofe  moving 
round  other  planets  as  the  centres  ol  their  motion,  and 
along  with  them  round  the  fun. 

SECTION,  in  Geometry,  d'enotes  a fide  or  fur- 
face^  appearing  of  a body,  or  figure,  cut  by  another; 
or  the  place  where  lines,  planes,  S^c,  cut  cadi  other. 

The  common  Section  of  two  planes  is  always  a ri^^ht 
line  ; being  the  line  fuppofed  to  be  drawn  by  one  plane 
in  its  cutting  or  entering  the  other.  If  a fphere  be  cut 
in  any  manner  by  a plane,  the  figure  of  the  Sedum 
will  be  a circle  ; alio  the  common  tnterfedion  of  the 
furfaces  of  two  fphercs,  is  the  circumference  of  a 
circle  ; and  the  two  common  Sedions  of  the  furfaces 
of  a right  cone  and  a fphere,  are  the  circumferences  of 
circles  ir  the  axis  of  the  cone  pafs  through  the  centre 
of  the  fphere,  otherwife  not ; moreover,  of  the  two 
common  Sedions  of  a fpliere  and  a cone,  whether 
right  or  oblique,  if  the  one  be  a circle  the  other 
will  be  a circle  alfo,  otherwife  not.  See  my  Trads, 
trad  7,  prop.  7,  8,  9. 

1 he  Sedions  of  a cone  by  a plane,  are  five  ; viz,  a 
triangle,  circle,  cllipfe,  hyperbola,  and  parabola.  See 
each  of  thefe  terms,  as  alfo  Conic  Section, 

Sedions  of  Buildings  and  Bodies,  &c,  are  either  ver- 
tical, or  horizontal,  &c.  The 

ffertical  Section,  or  fimply  the  Section,  of  a 
building,  denotes  its  profde,  or  a delineation  of  iti 
heights  and  depths  railed  on  the  plan  ; as  if  the  fabric 
had  been  cut  afunder  by  a vertical  plane,  to  difeever 
the  infide.  And 

Horizontal  Section  is  the  ichnography  or  ground 
plan,  or  a Sedion  parallel  to  the  horizon. 

SECTOR,  of  a Circle,  is  a portion  of  the  circle 
comprcliendcd  betw^een  two  radii 

and  their  included  arc.  Thus,  — '-^15 

the  mixt  triangle  ABC,  contain-  \ / 

ed  between  the  two  radii  AC  and  \ / 

BC,  and  the  arc  AB,  is  a Scedor  \ / 

of  the  circle.  \ / 

The  Sedor  of  a circle,  as  xABC,  \ / 

is  cqiial  to  a triangle,  whofe  bafe 
is  the  arc  AB,  and  its  altitude  the 
radius  AC  or  BC.  And  therefore  the  radius  being 
drawn  into  the  arc,  half  the  produd  gives  the  area.- 
Similar  Sectors,  are  thole  which  have  equal  angles 
included  between  their  radii.  Thefe  are  to  each 
other  as  the  fquares  of  their  bounding  arcs,  or  as 
their  whole  circles. 

Sector  alfo  denotes  a mathematical  inftiument, 
which  is  ot  great  ufe  in  geometry,  trigonometry,  fur- 
Teying,  Sic,  in  meafuring  and  laying  down  and  linding 
proportional  quantities  of  the  fame  kind  : as  between 
lines  and  lines,  furfaces  and  furfaces,  &c  ; whence  the 
French  call  it  the  compafs  of  proportion, 
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The  s:reat  adva>itage  of  the  Sedlor  above  the  cony 
r:;,on  ici-'  s,  &c,  is,  that  it  is  contrived  lo  as  to  fint  all 
rjshi,  and  all  fcales.  By.  the  lines  ol  chords,  fines, 
OR  the  Setdor,  we  have  lines  of  chords,^!! nes,^  &c, 
to  any  radius  between  the  length  and  breaath  of  the 
SeCfor  when  open. 

The  Sector  is  founded  on  the  4th  propof  tion  of  the 
6th  book  of  Euclid  ; where  it  is  demoidlrated,  that 
funilar  triangles  have  their  like  fides  proportional.  An 
idea  of  the  theory  of  its  conllrudlion  may  be  concciv- 
e<l  thuF.  Let  the  lines  AB,  AC 
reprefent  the  legs  of  the  Sedtor  ; 
and  AD,  AL,  two  equal  ledtiovis 
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f Lines,  or  equal  parts 
I Chords 
I Sines 

<j  Tangents  to  45° 
Secants 

Tangents  to  above  4k 
Polygons 


r 


from  the  centre  : tsicn  if  the 
points  BC  and  DE  be  connected 


/ 


BC  anclDE 


will  be  pa- 


/ 


\ 


/ 


\ 


/ 


\/ 

A 


the  lines 

iMllel  ; therefore  the  triangles 
ABC,  ADE  will  be  fimilar, 
and  confequeutly  the  iides  AiB, 

BC,  xAD,  DE  oroportional,  that 

is  cs  AB  : BC  : : AD  : DE  ; fo  that  if  AD  be  t.lc 
half,  3d,  or  4th  part  of  AB,  then  DE  wiUbea  nali, 
:id,  or  4th  part  of  EC  : and  the  fame  liokls  of  ail  the 
ted.  Hence,  if  DE  be  the  chord,  line  or  tangent, 
of  any  arc,  or  of  any  number  of  deg'rees,  to  the  radius 
AD,  then  BC  will  be  the  fame  to  the  radius  A^B. 

The  Sedlor,  it  is  fuppofed,  was  the  invention  of 
Guido  Baldo  or  Ubaldo,  about  the  year  15^8.  The 
firlb  printed  account  of  it  was  In  1584,^6)^  Gafpar 
IVlordente  at  Antwerp,  who  indeed  fays- that  his  bio- 
ther  Fabriclus  Mordente  invented  it,  in  the  year  i 5 
it  was  next  treated  of  by  Daniel  bpeckle,at  Strafiurgn, 
in  1589  ; after  that  by  Dr.  Thomas  Hood,  at  Lon- 
don, in  1598  : and  afterwards  by  many  othew  writeis 
on  pradfical  geometry,  in  all  the  natioiy  of  Europe. 

JDefcrlptlon  of  the  Sectop..  B his  inftruinent  con- 
fids  of  two  rules  or  legs,  the  longer  the  better,  made 
of  box,  or  ivonq  or  braE,  &c,  reprefenting  the  radii, 
moveable  round  an  axis  or  joint,  the  middle  of  which 
reprefents  the  centre;  from  whence  hveral  fcales  aie 
drawn  on  the  faces.  Sec  the  fig.  i,  pLte  xxvi. 

The  fcales  ufiially  fet  upon  Seniors,  may  be  didin- 
guidied  into  lingle  and  double.  The  fingle  fcales  iire 
Inch  as  are  fet  upon  plane  fcales  : the  double  fcales  ai a 
thofe  which  proceed  from  the  centre  ;yach  of  tbefa 
being  laid  twice  on  the  fame  face  of  the  indrument,  viZi 
once  on  each  leg.  From  thefe  fcales,  dimenfions  or 
diftances  are  to  be  taken,  when  the  legs  of  the  inkru^- 
ment  are  fet  in  an  angular  pofitlon. 

The  fcales  fet  upon  the  beE  SeTors  are 

[^Inches,  each  divided  into  8 and  lopart«> 
Decimals,,  coritaming^  lOO  parts. 


Chords  1 

Sines  jj 

Tangents,  1 

Rhumbs  j 

Latitude 
: Hours. 

\ Longitude 
I Inciin.  Ale  rid, 

1 the  r Numbers  . 

Iloga-  J SSnes  J 

rithms  | Verfed  Sines  | 

of  L Tiingents  J 


j 


u. 


fCho. 
Sin. 
Tang% 
Rhum. 
Lat. 
FIou. 


on. 


1 In.  mer. 
] Num, 
j Sin. 

1 V.  Sin. 
LTan. 


The  manner  in  which  thefe  fcales  are  difpoied  oi^ 
the  SeAor,  is  bell  feen  in  the  figure. 

The  fcales  of  lines,  chords,  fines,  tmigents,  rhumbs, 
latitudes,  hours,  longitude,  inch  merid,  may  be  ufed, 
with  the  indrument  either  fliut  or  open,  each  of  thefe 
fcales  being  contained  on  one  of  tire  legs  only,  i be 
fcales  of  inches,  decimals,  log.  numbers,  log.  lines, 
log.  verfed  fines,  and  log.  tangents,  are  to  be  ufed 
with  tlie  Sedlor  quite  open,  with  the  two  rulers  m'  legs 
firetched  out  in  the  lame  direelion,  part  or  eacn  fcalo 
lying  on  both  legs. 

B'hc  double  fcales  of  lines,  chords,  fines,  and  lower 
tangents,  or  tangents  under  are  all  of  the  lame  radius 
or  length  ; they  begin  at  the  centre  of  the  indrument,. 
and  aA  terminated  near  the  other  extremfiy  of  each  , 
leg  ; viz,  the  lines  at  the  divilion  10,  the  chords  at  60, 
the  fines  at  90,  and  the  tangents  at  45  ; the  remain- 
der of  the  tangents,  or  thofe  above  45°,  are  on  other 
fcales  beginning  at  F length  of  the  former, 

counted  from  the  centre,  where  tney  are  .eaiked  vi-ith.,, 
45,  and  run  to  about  76  degrees. 

The.fecants  alfo  begin  at  the  fame  didance  from  the- 
centre,  where  they  are  marked  vcith  ic,  and  , are  from, 
thence  continued  to  as  many  degrees- as  the  length  of 
the  Sedlor  will  allow,  which  is  about  75°. 

The  angles  made  by  the  double  fcales  of  lines,  ot> 
chords,  of  fines,  and  of  tangents  to  45  degrees,  are 
always  equal.  And  the  angles  made  by  the  fcales  of 
upper  tangents,  and  of.  fecants,  are  alfo  equal. 

The  fcales  of  polygons  are  fet  near  the  inner  edge  of 
the  legs  ; and  where  thefe  leales  begin,  they  are  mark- 
ed with  4,  and  from  thence,  are  figured,  backwards,  or 
towarxls  the  centre,  to  r2. 

Frpm  this  difpolition  of  the  double  fcales,  it  is  plain, 
tlrat  thofe  angles  that  are  equal  to  each  other  while 
the  legs  of  the  Sedtor  were  clofe,  will  ftill  continue 
to  be  equal,  although  the  Sedor  be  opened  to  any 
diftance. 

The  fcale  of  inches  is  laid  clofe  to  the  edge  of  the 
Sedor,  and  fometimes  on  the  edge  ; it  contains  as 
many  inches  as  the  Inftrument  will  receive  when 
opened  ; each  inch  being  ufually  divided  into  8,  and 
alfo  into  10  equal  parts.  The  decimal  fcale  lies  next 
to  this  : it  is  of  the  length  of  the  Sedor  when  opened, 
and  is  divided  into  10  equal  parts,  or  primary  divifions, 
and  each  of  thefe  into  10  other  equal  parts  ; fo  that 
the  whole  is  divided  into  100  equal  parts:  and  by  tnis 
decimal  fcale,  all  the  other  fcales,  that  are  taken  from 
tables,  may  be  laid  down.  The  fcales  of  chords, 
rhumbs,  fines,  tangents,  hours,  &c,  are  fueb  as  are 

deferibed  under  Plane  Scale. 

The  fcale  of  logarithmic  or  artificial  numbers,  called 
Gunter’s  fcale,,  or  Gunter’s  line,  is  a fcale  expreffing 
the  logarithms  of  common  numbers,  taken  in  their 
natural  order. 

The  conilrudlon  of  the  double  fcale  'will  be  evident 

by  Iiifpeding  the  inftrument.  As  to  the  fcale  of  poly- 
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^ns,  it  iifually  compreliends  tlTe  Tides  of  the  polygons 
from  6 to  I 2 Tides  inclufive  : the  divifions  arc  laid  down 
by  taking  the  lengths  of  the  chords  of  the  angles  at 
the  centre  of  each  polygon,  and  laying  them  down  froni 
tlie  centre  of  the  inllrunicnt.  When  the  polygons  of 
4 and  5 Tides  are  alio  introduced,  this  line  is  con- 
{Iruded  from  a fcale  of  chords,  where  the  length  of 
^0°  is  equal  to  that  of  60°  of  the  double  fcale  of 
cliords  on  the  Sedlor. 

In  defcribing  the  ufe  of  the  Sedlor,  the  terras  late- 
ral d'ljiance  and  tranfverfe  dijiancc  often  occur.  By  tlie 
former  is  meant  the  diftance  taken  with  tlie  compaffes 
on  one  of  the  fcales  only,  beginning  at  the  centre  of 
the  Sedfor  ; and  by  the  latter,  the  diftance  taken  be- 
tween any  two  correfponding  divifions  of  the  fcales 
of  the  fame  name,  the  legs  of  the  SeClor  being  in  an 
angular  politioh. 

Ufes  of  the  Sector. 

Of  the  Line  of  lines.  This  is  tifeful,  to  divide  ^ 
olven  line  into  any  number  of  equal  parts,  or  in  any 
proportion,  or  to  m.ake  fcales  of  equal  parts,  or  to 
find  3d  and  4th  proportionals,  or  mean  proportionals, 
cr  to  increafe  or  decreafe  a given  line  in  any  propor- 
tion, £x.  I.  To  divide  a given  line  into  any  number 
of  equal  parts,  as  fuppofe  9 : make  the  length  of  the 
given  line  a tranfverfe  diftance  to  9 and  9,  the  number 
Qt  parts  propofed  ; then  will  tlie  tranfverfe  diilance  of 
I and  I be  one  of  the  equal  parts,  or  the  9th  part  of 
the  whole  ; and  the  tranfverfe  diilance  of  2 and  2 will 
be  2 of  the  equal  parts,  or  | of  the  whole  line  ; and 
fo  on.  2 . Again,  to  divide  a given  line  into  any  number 
of  parts  that  lhall  be  in  any  affi^ned  proportion,  as 
fuppofe  three  parts,  in  the  proportion  of  2,  3,  and  4, 
>Iake  the  given  line  a tranfverfe  diftance  to  9,  tlie  fum 
of  the  propofed  numbers  2,  3,  4 ; then  the  tranfverfe 
dillances  of  thefe  numbers  feverally  will  be  the  parts 
required. 

Of  the  Scale  af  Chords.  i.  To  open  the  Seflor  to 
any  angle,  as  fuppofe  50  degrees  : Take  the  diftance 
from  the  joint  to  50  on  the  chords,  the  number  of  de- 
grees propofed  ; then  open  the  Sector  till  the  tranfverfe 
diilance  from  60  to  60,  on  each  leg,  be  equal  to  the 
faid  lateral  diftance  of  50  ; fo  fhall  the  fcale  of  chords 
m.ake  the  propofed  angle  of  50  degrees. — By  the  con- 
verfe  of  this  operation,  may  be  known  the  angle  the 
Seftor  is  opened  to  ; viz,  taking  the  tranfverfe  diilance 
of  60,  and  applying  It  laterally  from  the  joint. 

2.  To  protradl  or  lay  down  an  angle  of  any  given 
number  of  degrees.  At  any  opening  of  the  SeClor, 
take  the  tranfverfe  diftance  of  60°,  with  which  extent 
deferibe  an  arc  ; then  take  the  tranfverfe  diftance  of  the 
number  of  degrees  propofed,  and  apply  it  to  that  arc  ; 
and  through  the  extremities  of  this  diftance  on  the  arc 
draw  two  lines  from  the  centre,  and  they  will  form  the 
angle  as  propofed.  When  the  angle  exceeds  60°,  lay 
it  off  at  twice  or  thrice.' — By  the  converfc  operation 
ajiy  angle  maybe  meafured  ; viz,  With  any  radius 
deferibe  an  arc  from  the  angular  point  ; fet  that  radius 
tranfverfely  from  60  to  60  ; then  take  the  diftance  of 
the  intercepted  arc  and  apply  it  tranfverftly  to  the 
chords,  which  will  fhew  the  degrees  in  the  given 
angle. 

the  Line,  of^  Polygons,  i,  In  a,  given  circle  to  in- 


feribe  a regular  polygon,  for  example  an  c^lagon. 
Open  the  legs  of  the  Seklor  till  the  tranfverfe  diftance 
from  6 to  6 be  equal  to  the  radius  of  the  circle ; then 
will  the  tranfverfe  diftance  of  8 and  8 be  the  fide  of  tlie 
infcribed  odlagon.  2.  Upon  a line  given  to  delciibe  a 
regular  polygon.  N^ake  the  given  line  a tianfveife 
dif.  to  3 and  5 ; and  at  that  opening*  of  the  bedloi  take 
the  tranlverfe  diftance  of  6 and  6 ; with  winch  as  a 
radius,  from  tlie  extremities  of  the  given  line  defciibe 
arcs  to  interfcdl  each  other,  which  interfeClion  will  be 
the  centre  of  a circle  in  wiiich  the  propofed  polygon 
may'  be  infcribed  ; then  from  that  centre  deferibe  the 
faid  circle  through  the  extremities  of  the  given  line, 
and  apply  this  hue  eontiniially' round  the  circumfeience, 
for  the  fcveral  angular  points  of  the  polygon.  3* 
given  right  line  as  a bafe,  to  deferil'e  an  ifofc  ties  triangle, 
having  the  angles  at  fhe  bafe  double  the  angle  at  the 
vertex.  Open  the  Sedor  till  the  length  of  the  given 
line  fall  traniverlely  on  10  and  10  on  each  leg  ; then 
take  the  tranfverfe  diftance  to  6 and  6,  and  it  will  be 
the  length  of  each  of  the  equal  Tides  of  the  triangle. 

Of  the  Sines,  Tangents,  and  Secants.  By  the  feve- 
ral  lines  difpofed  on  the  fedor,  we  have  fcales  of  feve- 
ral  radii.  So  that,  i.  flaving  a length  or  radius  guen,  , 
not  exceeding  the  lengtn  of  tire  bedor  vvnen  opened,. 
^^•e  can  find  the  chord,  fine,  &c,  to  the  fame  ; for  ex. 
fuppofe  the  chord,  fine,  or  tangentof  2c  degrees  to  a* 
radius  of  3 inches  be  required.  Make  3 inches  the 
opening  or*  tranfverfe  diilance  to  60  and  60  on  the 
chords^  then  will  the  fame  extent  reach  from  43  to  4 3, 
on  the  tangents,  and  from  90  to  on  the  fines  ; io  • 
that  to  whatever  radius  tlie  line  of  chords  is  fet,  to  the 
fame  are  all  the  others  fet  alfo.  In  this  difpofitiou 
therefore,  if  the  tranfverfe  diftance  between  20  and  20 
on  the  chords  be  taken  with  the  compaffes,  It  will  give  the 
chord  of  20  degrees  5 and  if  the  tranfverfe  of  20  and  20 
be  in  like  manner  taken  on  the  lines,  it  will  be  the  fine 
of  20  degrees;  and  laftly,  if  the  tranfverfe  diftance 
of  20  and  20  be  taken  on  the  tangents,  it  wul  be  the 
tangent  of  20  degrees,  to  the  fame  radius. — 2.  If  the 
chord  or  tangent  of  70  degrees  were  required.  For 
the  cliord,  tlie  tranfverfe  diftance  of  half_  the  arc,  vii 
33,  mull  be  taken,  as  before;  which^  diftance  taken, 
twice  gives  the  chord  of  ']0  degrees.  I o find  the  tau- 
flfent  of  70  degrees,  to  the  fame  radius,  the  fcale  of 
upper  tangents  mull  be  ufed,  the  under  one  only'  reach-* 
ing  to  43  : iTicikiiig  therefore  3 Inches  the  tranfverfe 
diilance  to  43  t^^d  45  beginning  of  that  fcale, 

the  extent  between  "jo  and  no  degrees  on  the  fame,  will 
be  tlie  tangent  of  70  degrees  to  3 inches  radius. — ■ 

3.  To  find  the  fecant  of  an  arc  ; make  the  given  ra- 
dius the  tranlverfe  diftance  between  o and  o on  the  fe- 
cants  ; then  will  the  tranfverfe  diilance  of  20  and  20, 
or  70  and  70,  give  the  fecant  of  20  or  70  degrees.  ’ 

4.  If  the  radius,  and  any  line  reprefenting  a fine,  tan-, 
gent,  or  fecant,  be  given,  the  degrees  eorrefpondmg . 
to  that  line  may  be  found  by  fetting  the  Sedloi*  to  the 
given  radius,  according  as  a fine,  tangent,  or  fecant, 
is  concerned  ; then  taking  the  given  line  between  tiie.. 
compares,  and  applying  the  two  feet  tranfverfely  to  the 
proper  fcale,  and  fliding  the  feet  along  till  they  both 
reft  on  like  divifions  on  both  legs  ; then  the  divifums 
will  fhew  the  degrees  and  parts  correfponding  to  the 
given  line. 
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Vfe  of  the  Seclor  m 1 7’ tgonoir.e fry ^ or  In  voorking 
any  other  proportions. 

By  means  of  the  double  fcales,  which  are  the  parts 
more  peculiar  to  the  SeAor,  all  proportions  are  worked 
by  the  property  of  fimilar  triangles,  making  the  fides 
proportional  to  the  bafes,  that  is,  on  the  Sedor,  the 
lateral  diftances  proportional  to  the  tianf/crfe  ones  ; 
thus,  taking  the  dihance  of  the  hrft  term,  and  apply- 
ing it  to  the  2d5  then  the  dillance  of  the  3d  term,  pro- 
perly applied,  will  give  the  4th  term  : oblerving  that 
the  jides  of  triangles  are  taken  off  the  line  of  numbers 
laterally,  and  the  angles  are  taken  tranfverfely,  oiT  the 
itiies  or  tangents  or  fecants,  according  to  the  nature  of 
the  proportion.  For  example,  in  a plane  triangle 
ABC,  given  two  fides  and  an  angle  oppofite  to  one  of 
them,  to  find  the  reft;  viz,  given 
AB  ~ 36,  AC  — 64,  and  Z.  B 
~ 46°  30^,  to  lind  BC  and  the 
angles  A and  C.  In  this  cafe, 
the  fides  are  proportional  to  the 
iines  of  their  oppofite  angles  ; 
hence  thefe  proportions, 
as  AC  (64)  ; fm.  zB  (46^30')  ::  AB  (56)  ; fin.  ZC, 
and  as  fin.  B : AC  : : fin.  A : BC. 

Therefore,  to  work  thefe  proportions  by  the  Sedor, 
take  the  lateral  diltance  of  64  = AC  from  the  lines, 
and  open  the  Sedor  to  make  this  a tranfverfe  didance 
of  46°  30^—  zB,  on  the  fines  ; then  take  the  lateral 
dlitance  of  56  = AB  on  the  lines,  and  apply  it  tranf- 
yevfely  on  the  fines,  which  will  give  39°  24'  = zC. 
Hence,  the  Turn  of  the  angles  B and  C,  which  is 
85^^  54',  taken  from  180°,  leaves  94^^  6'  ~ ZA. 
Then,  to  work  the  2d  proportion,  the  Sedor  being  fet 
at  the  fame  opening  as  before,  take  the  tranfverfe  dif- 
tance  of  94®  6'  — ZA,  on  the  fines,  or,  which  is  the 
fame  thing,  the  tranfverfe  diftance  of  its  fupplement 
85°  54';  then  this  applied  laterally  to  the  lines,  gives 
88  = the  fide  BC  fought. 

For  the  complete  hiftory  of  the  Sedor,  with  its 
more  ample  and  particular  conftrudion  and  iifes,  fee 
Robertfoids  Treatife  of  fiich  Mathematical  Inftvununts^ 
as  are  vfually  put  into  a Portable  Cafe^  the  Iiitro- 
dudion. 

Sector  of  a Sphere^  is  the  folid  generated  by  the 
revolution  of  the  Sedor  of  a circle  about  one  of  its  ra- 
dii ; the  other  radius  deferibing  the  furface  of  a cone, 
and  the  circular  arc  a circular  portion  of  the  furface  of 
the  fphere  of  the  fame  radius.  • So  that  the  fpherical 
Sedlor  confifts  of  a right  cone,  and  of  a fegment  of  the 
fphere  having  the  fame  common  bafe  with  the  cone. 
And  hence  the  folid  content  of  it  will  be  found' by 
multiplying  the  bafe  or  fpherical  furface  by  the  ra- 
dius of  the  fphere,  and  taking  a 3d  part  of  the  pro- 
dud. 

Sector,  of  an  dlipfe^  or  of  an  hyperbola^  See,  is  a 
,part  refembling  the  circular  Sedor,  being  contained  by 
three  lines,  two  of  which  are  radii,  or  lines  drawn  from 
the  centre  of  the  figure  to  the  curve,  and  the  inter- 
cepted arc  or  part  of  that  curve. 

Jfronomical  Sector,  an  inftrnment  invented  by  Mr. 
George  Graham,  for  finding  the  difference  in  right 
afcenfion  and  declination  between  two  objeds,  whofe 
diflaace  is  too  great  to  be  obferved  through  a fixed 
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telefcope,  by  means  of  a micrometer.  This  inflrument 
(fig.  2,  pi.  26,)  confifts  of  a brafs  plate,  called  the  Sedor, 
formed  like  a T,  having  the  fliank  CD,  as  a radius, 
about  3f  feet  lung,  and  2 inches  broad  at  the  end  D, 
and  an  inch  and  a half  at  C ; and  the  crofs-piece  AB, 
as  an  arch,  about  6 inches  long,  and  one  and  a half 
broad  ; upon  which,  with  a radius  of  30  inches,  is  de- 
feribed  an  arch  of  10  degrees,  each  degree  being  di- 
vided in  as  many  parts  as  are  convenient.  Round  a 
fmall  cylinder  C,  containing  the  centre  of  this  arch,, 
and  fixed  in  the  fliank,  moves  a plate  of  brafs,  to  which 
is  fixed  a telefcope  CE,  having  its  line  of  collimatiou 
parallel  to  the  plane  of  the  Sedor,  and  paiTing  over 
the  centre  C of  the  arch  AB,  and  the  index  of  a Ver- 
nier’s dividing  plate,  whofe  length,  being  equal  to  16 
quarters  of  a degree,  is  divided  into  15  equal  parts, 
fixed  tp  the  eye  end  of  the  telefcope,  and  made  to  Aide 
along  the  arch  ; which  motion  is  performed  by  a long 
ferew,  G,  at  the  back  of  the  arch,  communicating 
with  the  Vernier  through  a flit  cut  in  the  brafs,  parallel 
to  the  divided  arch.  Round  the  centre  F of  a circular 
brafs  plate  abe,  of  5 inches  diameter,  moves  a brafs 
crofs  KLMN,  having  the  oppofite  ends  O and  P of 
one  bar  turned  up  perpendicularly  about  3 inches,  to 
ferve  as  fupporters  to  the  Sedor,  and  ferewed  to  the 
back  of  its  radius  ; fo  that  the  plane  of  the  Sedor  is 
parallel  to  the  plane  of  the  circular  plate,  and  can  re- 
volve round  the  centre  of  that  plate  in  this  parallel  po- 
fition.  A fqiiare  iron  axis  HIF,  18  inches  long, 
is  ferewed  flat  to  the  back  of  the  circular  plate  along  one 
of  its  diameters,  fo  that  the  axis  is  parallel  to  the  plane 
of  the  Sedor.  The  whole  inflrument  is  fupported  on 
a proper  pedeflal,  fo  that  the  faid  axis  fliall  be  parallel 
to  the  earth’s  axis,  and  proper  contrivances  are  annexed 
to  fix  it  in  any  pofition.  The  inflrument,  thus  fup- 
ported, can  revolve  round  its  axis  HI,  parallel  to  the 
earth’s  axis,  with  a motion  like  that  of  'the  liars,  the 
plane  of  the  Sedor  being  always  parallel  to  the  plane  of 
fome  hour  circle,  and  confequently  ‘ every  point  of  the 
telefcope  deferibing  a parallel  of  declination  ; and  if 
the  Sedor  be  turned  round  the  joint  F of  the  circular 
plate,  its  graduated  arch  may  be  brought  parallel  to  an 
hour-circle  ; and  confequently  any  two  liars,  whofe  dif- 
ference of  declination  does  not  exceed  the  degrees  in 
that  arch,  will  pafs  overit. 

To  obferve  their  palTage,  dired  the  telefcope  to  the 
preceding  liar,  and  fix  the  plane  of  the  Sedor  a little  to 
the  weflward  of  it  j move  tire  telefcope  by  the  ferew 
G,  and  obferve  at  the  tranfit  of  each  over  the  crofs 
wires  the  time  Ihewnby  the  clock,  and  alfo  tlie  divifion 
upon  the  arch  AB,  Ihewn  by  the  index;  then  is  the 
difference  of  the  arches  the  difference  of  the  declina- 
tion ; and  that  of  the  times  fhews  the  difference  of  the 
right  afcenfion  of  thofe  flars.  For  a more  particular 
defeription  of  this  inflrument,  fee  Smith’s  Optics, 
book  ili,  chap.  9. 

SECULAR  Pear,  the  fame  with  Jubilee. 

SECUNDANS,  an  infinite  feries  of  numbers,  be- 
ginning from  nothing,  and  proceeding  according  to 
the  iqnaies  of  numbers  in  arithmetical  progreflion,  as 
o,  1,^4,  9,^16,  23,  36,  49,  64,  &c. 

SEEING,  the  ad  of  perceiving  objeds  by  the  or- 
gan of  light ; or  the  fenfe  we  have  of  external  objeds 
by  means  of  the  eye. 
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For  the  apparatus,  or  difpofition  of  the  parts  necef- 
fary  to  Seeing,  fee  Eye.  And  for  the  manner  in  which 
Seeing  is  performed,  and  the  laws  of  it,  fee  Vi- 
sion. 

Our  bed  anatomids  differ  greatly  as  to  the  caufe 
why  we  do  not  fee  double  with  the  two  eyes  r Galen, 
and  others  after  him,  afcribe  it  to  a coalition,  or  de- 
cuffition,  of  the  optic  nerve,  behind  the  os  fpbenoides. 
But  whether  they  deciuTate  or  coalefce,  or  only  barely 
touch  one  another,  is  not  well  agueed  upon. 

The  Bartholines  and  Vefalius  lay  exprefsiy,  they  are 
united  by  a perfect  confnfion  of  their  fubdance  ; Dr. 
Gibfon  allows  them  to  be  united  by  the  clofed  eon- 
jiinflion,  but  not  by  a confufion  of  their  fibres. 

Alhazen,  an  Arabian  philofoplier  of  the  12th  cen- 
tury, accounts  for  fingle  viiion  by  two  eyes,  by  fup- 
pofing  that  when  two  correfponding  parts  of  the 
retina  are  afteded,  the  mind  perceives  but  one 
linage. 

Des  Cartes  and  others  account  for  the  effed  ano- 
ther way  ; viz,  by  fuppofing  that  the  fibrillae  conditu- 
ting  the  medullary  part  of  thofe  nerves,  being  fpread  in 
the  retina  of  eacli  eye,  have  each  of  them  eorrefpond- 
ing  parts  in  the  brain,  fo  that  when  any  of  thofe  li- 
brillae  are  druck  by  any  part  of  an  image,  tlie  con  e- 
fpoiiding  parts  of  the  brain  are  afiTeded  by  it.  Somewhat 
like  which  is  the  opinion  of  Dr.  Briggs,  who  takes  the 
optic  nerves  of  each  eye  to  confid  of  homologous  fi- 
bres, having  their  rife  in  the  thalamus  nervorum  optico- 
rurn,  and  being  thence  continued  to  both  the  retime, 
which  are  compofed  of  them  ; and  farther,  that  thole 
iibrillae  have  the  fame  paralleiifra,  tenfion,  &c,  in  both 
eyes ; confequently  when  an  image  is  painted  on  the 
fame  correfponding  fympathizing  parts  of  each  retina, 
the  fame  effeds  are  produced,  the  fame  notice  carried 
to  the  thalamus,  and  fo  imparted  to  the  foul.  Hence 
it  is,  that  double  vifion  enfues  upon  an  interruption  of 
the  parallelifm  of  the  eyes  ; as  when  one  eye  is  depreffed 
by  the  finger,  or  their  fymphony  is  interrupted  by 
cifeafe  : but  Dr.  Briggs  maintains,  that  it  is  but  in 
few  fubjeds  there  is  any  deciiffation  ; and  in  none  any 
conjundion  more  than  mere  contad  ; thougDhis  no- 
tion is  by  no  means  confonant  to  fads,  fnd  it  is  attend- 
ed with  many  improbable  circumftances. 

It  was  the  opinion  of  Sir  Ifaac  Newton,  and  of 
many  others,  that  objeds  appear  fingle,  becaufe  the 
two  optic  nerves  unite  before  they  reach  the  brain. 
But  Dr.  Porterfield  fhews,  from  the  obfervation  of  fe- 
veral  anatomilis,  that  the  optic  nerves  do  not  mix  or 
confound  their  fiibflance,  .being  only  united  by  a clofe 
cohefion  ; and  objeds  have  appeared  fingle,  where  the 
optic  nerves  were  found  to  be  disjoined.  To  account 
for  this  phenomenon,  this  ingenious  writer  fuppofes, 
that,  by  an  original  law  in  our  natures,  we  imagine  an 
objed  to  be  fituated  fomewhere  in  a right  line  drawn 
from  the  pidure  of  it  upon  the  retina,  through  the 
centre  of  the  pupil ; conlequently  the  fame  objed  ap- 
pearing to  both  eyes  to  be  in  the  fame  place,  we  cannot 
diftinguifli  it  into  two.  In  anfwer  to  an  objedion  to  this 
hypothefis,  from  objeds  appearing  double  when  one  eye 
is  diftorted,  he  fays,  the  mind  miftakes  the  pofition  of 
the  eye,  imagining,  that  it  had  moved  in  a manner 
correfponding  to  the  other,  in  which  cafe  tlie  conclu- 
fion  would  have  been  jull : in  this  he  feems  to  have  re- 


courfe  to  the  power  of  habit,  though  he  dlfclaims  that 
hypothefis.  This  principle  however  has  been  thought 
fufficient  to  account  for  this  appearance. 

Originally,  every  objed  making  two  pidures,  one 
in  each  eye,  is  imagined  to  be  double;  but,  by  de- 
grees, we  find  that  wlicn  two  correfponding  parts  of 
the  retina  are  imprefied,  the  objed  is  but  one  ; but  if 
thofe  correfponding  parts  be  changed  by  the  dillortion 
of  one  of  the  eyes,  the  objed  mull  again  appear  dou- 
ble as  at  the  hill.  This  feems  to  be  verified  by  Mr, 
Chefelden,  who  informs  us,  tliat  a gentleman,  wlio, 
from  a blow  on  his  head,  had  one  eye  dillorted,  found 
every  objeed  to  appear  double,  but  by  degrees  the  molt 
familiar  ones  came  to  appear  fingle  again,  and  in  time 
all  objeds  did  fo  without  amenornenr.  of  the  dillortion. 
A fimilar  cafe  is  mentioned  by  Dr.  Smith. 

On  the  other  hand,  Dr.  Reid  is  of  opinion,  that  the 
correlpondence  of  the  centres  of  two  eyes,  on  which 
fingle  vifion  depends,  does  not  arife  from  cu Horn,  but 
from  fome  natural  conilitution  of  the  eye,  and  of  the 
mind. 

M.  dn  Tour  adopts  an  opinion,  long  before  fuggefied 
by  GafTendi,  that  the  mind  attends  to  no  m.ore  than 
the  image  made  in  one  eye  at  a time  ; in  fupport  of 
which,  he  produces  feveral  curious  experiments  ; but 
as  M.  BufFon  obferve^,  it  is  a fulhcient  anfwer  to  this 
hypothefis,  that  we  fee  more  dillindlly  with  two  eves 
than  Avith  one  ; and  that  when  a round  objed  is  near 
us,  we  plainly  fee  more  of  the  furface  in  one  cafe  than 
in  the  other. 

With  refped  to  fingle  vifion  with  two  eves,  Dr- 
Hartley  obferves,  that  it  deferves  particular  attention, 
that  the  optic  nerves  of  man,  and  fuch  other  animals  as 
look  the  fame  way  with  both  eyes,  unite  in  the  fella 
turrica  in  a ganglion,  or  little  brain,  as  it  may  be  called, 
peculiar  to  themfelvcs,  and  that  the  aOTociations  be- 
tween fynchronous  impreffions  on  the  two  retinas,  mult 
be  made  fooncr  and  cemented  ftronger  on  this  account  ; 
alfo  that  they  ought  to  have  a much  greater  power  over 
one  another’s  image,  than  In  any  other  part  of  the 
body.  And  thus  an  Iniprelfion  made  on  tlie  right ^eye 
alone  by  a fingle  objed,  propagates  itfelf  Into  the  left, 
and  there  raifes  up  an  image  almoll;  equal  In  vividnefs  to 
itfelf;  and,  confequently,  when  we  fe-e  with  one  eye 
only,  we  may  however  have  pidiires  in  both  eyes. 

It  is  a common  obfervation,  fays  Dr.  kSmith,  that 
objeds  leen  wiih  both  eyes  appear  more  \ivld  and 
flronger  than  they  do  to  a fingle  eye,  efptcially  when 
both  of  them  are  equally  good.  Porterfield  on  the 
Eye,  vol.  ii,  pa.  2S5:,  315.  Smith’s  Optics,  Remarks 
pa.  31.  Reid’s  Inquiry,  pa.  267.  Mem,  Prefentes, 
pa.  514.  Acad.  Par.  1747.  Mem.  Pr.  334.  Plartleyon 
Man,  vol.  i,  pa.  207.  Friellley’s  Elilt.  of  Light  and 
Colours,  pa.  663,  &c. 

Whence  it  Is  that  we  fee  objeds  ered,  when  it  is 
certain,  that  the  images  thereof  are  painted  invcrtedly 
on  the  retina,  is  another  difficulty  in  the  theory  of  See- 
ing-. Des  Cartes  accounts  for  it  hence,  that  the  no- 
tice  which  the  foul  takes  of  the  objed,  does  not  de- 
pend on  any  image,  nor  any  adion  coming  from  the 
objed,  but  merely  on  tlie  fituatlon  of  the  minute  parts 
of  the  brain,  whence  the  nerves  arife.  Ex.  gr.  the  fi- 
tuation  of  a caplilament  brain,  which  occafions  the 
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Tolil  to  fee  all  thofc  places  lying  in  a light  line 
livitb  it. 

But  Mr.  Molyneux  gives  another  account  of  this 
'matter.  The  eye,  he  obferves,  is  only  the  organ,  or 
luftrument  ; it  is  the  foul  that  lees.  Fo  enquire  then, 
how  the  foul  perceives  the  objeGl  ereft  by  an  inverted 
image,  Is  to  enquire  into  the  fouPs  faculties.  Again, 
imagine  that  the  eye  receives  an  impuile  on  its  lower 
part,  by  a ray  from  the  upper  part  of  an  objeiB  ; inuft, 
not  the  vifive  faculty  be  hereby  direbled  to  confider 
this  (Iroke  as  coming  from  the  top,  ratlier  than^the 
bottom  of  the  objedt,  and  conrequently  be  determined 
to  concliKle  it  the  reprefentation  of  the  top  ? 

Upon  thefe  principles,  w^e  are  to  confider,  that  in- 
verted is  only  a relative  term,  and  that  there  is  a very 
g'reat  difference  between  the  real  objeA,  and  the  means 
or  image  by  which  we  perceive  it.  When  all  iht  parts 
of  adiftant  profpea:  are  painted  upon  the  retina  (fup. 
pofing  that  to  be  the  feat  of  vifion),  they  are  all  right 
with  refped  to  one  another,  as  well  as  the  parts  of 
the  profpecl  itfelf ; and  we  can  only  judge  of  an  objedt 
being  inverted,  wdien  it  is  turned  reverie  to  its  natural 
pofition  with  refpedt  to  other  objedls  which  we  fee 
and  compare  it  with. 

The  eye  or  vifive  faculty  (fays  Molyneux)  takes 
no  notice  of  the  internal  furface  of  its  own  parts,  but 
ufes  them  as  an  initrument  only,  contrived  by  nature 
for  the  exercife  offuch  a faculty.  If  we  lay  hold  of  an 
upright  Hick  in  the  dark,  we  can  tell  which  is  the  upper 
or  lower  part  of  it,  by  moving  our  hand  upward  or 
downward  ; and  very  well  know  that  w^e  cannot  feel 
the  upper  end  by  moving  our  hand  downward.  Juft 
fo,  we  find  by  experience  and  habit,  that  by  direfting 
our  eyes  towards  a tali  objedt,  we  cannot  fee  its  top^by 
turning  our  eyes  downward,  nor  its  foot  by  turning 
our  eyes  upward  ; but  muft  trace  the  objedl  the  fame 
way  by  the  eye  to  fee  it  from  head  to  foot,  as  we  do 
by  the  band  to  feel  it  ; and  as  the  judgement  ism- 
formed  by  the  motion  of  the  hand  in  one  cafe,  fo  it  is 
alio  by  the  motion  of  the  eye  in  the  other. 

Molyneux’s  Dioptr.  pa.  105,  &c.  Muffehenbroek’s 
Int.  ad  Phil  Nat.  vcl.  ii,  pa.  762.  Fergufon’s  Lec- 
tures, pa.  132.  See  Sight,  Visible,  &c. 

SEGMENT,  in  Geometry,  is  a part  cut  off  the 
top  of  a figure  by  aline  or  plane  ; and  the  part  remain- 
ing at  the  bottom,  after  the  Segment  is  cut  off,  is 
calkd  ^ifnijlum,  or  a zone.  So,  a 

Segment  of  a Circlcy  is  a part  of  the  circle  cut  ofTFy 
a chord,  or  a portion  comprehended  by  an  arch  and 
its  cliord  ^ and  may  be  either  greater  or  lefs  than  a fe- 
micircle.  Thus,  the  portion  ABCA  is  a Segment  lefs 
than  a femicircle  ; and  ADCA 
ik  Segment  greater. 

The  angle  formed  by  lines 
drawn  from  the  extremities  of 
a chord  to  meet  in  any  point 
of  the  arc,  is  called  an  angle 
in  the  Segment.  So  the  angle 
A.BC  is  an  angle  in  the  Seg- 
ment ABCA  ; and  the  angle 
A LC,  an  angle  in  the  Seg- 
ment ADCA. 


Segment  ADC,  and  D the  angle  on  the  Segment 
ABC. 

The  angle  which  the  chord  AC  makes  with  a tai> 
gent  EF,  is  called  the  angle  of  a Segment  ; and  it  is 
equal  to  the  angle  in  the  alternate  or  lupplemental 
Segment,  or  equal  10  the  fupplement  of  the  angle  in 
the  fame  Segment.  So  the  angle  ACE  is  the  angle  nf 
the  Segment  ABC,  and  is  equal  to  the  angle  ADC,  or 
to  the  fupplement  of  the  angle  B ; alio  the  angle  ACF 
is  the  angle  of  the  Segment  ADC,  and  is  equal  to  the 
angle  B,  or  to  the  iupplement  of  the  angle  D. 

The  area  of  a Segment  ABC,  is  evidently  equal  to 
the  difference  between  the  fedlor  OABC  of  the  fame 
arc,  and  the  triangle  OAC  on  the  lame  chord  ; the 
triangle  being  fubtracled  from  the  fedlor,  to  give  the 
Segment,  when  lefs  than  a femicircle  ; but  to  be  added 
when  greater.  See  more  rules  lor  the  Segment  in  my 
Menfuration,  pa.  122  &c,  2d  edition. 

Similar  Segments,  are  thofe  that  have  their  chords 
diredlly  proportional  to  their  radii  or  diameters,  or  that 
have  fimilar  arcs,  or  fuch  as  contain  the  fame  number  of 
degrees. 

Segment  of  a Sphere^  is  a part  cut  off  by  a 
plane. 

The  bafe  of  a Segment  is  always  a circle.  And 
the  convex  furfaces  of  different  Segments,  are  to  each, 
other  as  their  altitudes,  or  verled  fines.  And  as  the 
whole  convex  furface  of  the  fphere  is  equal  to  4 of  its 
great  circles,  or  4 circles  of  the  fame  diameter  ; fo  the 
furface  of  any  Segment,  is  equal  to  4 circles  on  a dia- 
meter equal  to  the  chord  of  half  the  arc  of  the  Seg- 
ment. So  that  If  d denote  the  diameter  of  the  fphere,  or 
the  chord  of  half  the  circumference,  and  c the  chord  of 
half  the  arc  of  any  other  Segment,  aifo  a the  altitude 
or  verfed  fine  of  the  fame  ; then, 

3’14i6J^  is  the  furface  of  the  whole  fphere,  and 

3*14166*,  or  3*  1416^6/,  the  furface  of  the  Segment. 

For  the  folid  content  of  a Segment,  there  are  tvv'a 
rules  ufually  given  ; viz,  i.  To  3 times  the  fquare  of 
the  radius  of  its  bafe,  add  the  fquare  of  its  height ; 
multiply  the  fum  by  the  height,  and  the  product  by 
•5236.  Or,  2dly,  From  3 times  the  diameter  of  the 
fphere,  fubtraCl  twice  the  height  of  the  fruftum  ; mul- 
tiply the  remainder  by  the  fquare  of  the  height,  and 
the  produ<Sl  by  *5236.  That  is,  in  fymbols,  the  folid 
content  is  either 


= *523661!  X or  = X 3^  — 


2 a 


•f  ^ 

on  Gunter’s  fedtor.  They  lie  between  the  lines  of  fines 


where  a is  the  altitude  of  the  Segment,  r the  radius  of 
its  bafe,  and  d the  diameter  of  the  whole  fphere. 

Line  (^/'Segments,  are  two  particular  lines,  fo  called. 


Alfo  the  angle  B is  fu-id  to  be  the  angle  upon  the 


and  fuperficies,  and  are  numbered  with  5,  6,  7,  8,  9, 
10.  They  reprefent  the  diameter  of  a circle,  to  divided 
into  100  parts,  as  that  a right  line  drawn  through 
thofe  parts,  and  perpendicular  to  the  diameter,  fiiall 
cut  the  circle  into  two  Segments,  the  greater  of  which 
ftiall  have  the  fame  proportion  to  the  whole  circle,  as  the 
parts  cut  off  have  to  100, 

SELENOGRAPHY,  the  defeription  andreprefen- 
tation  of  the  moon,  with  all  the  parts  and  appearances 
of  her  dife  or  face  ; like  as  geography  does  thofe  of  the 
earth. 

7 


Since 


S E M 


S E M 


[ 1 


Since  tlie  invention  of  the  telescope,  Selenograpliy 
• is  very  ninch  improved,  \s  e have  now  ditiindl  names 
for  moil  of  the  regions,  leas,  lakes, mountains, &c,  vihbk 
in  tiiC  moon’s  body.  Heveliuf,  a ccltbrated  aitronomer 
of  Dantzic,  and  who  pnbliilied  the  fril  Selenography, 
named  the  fevei  al  places  of  the  moon  from  thole  of  tlie 
earth.  But  Riccioli  afterwards  called  them  after  the 
names  oi  the  moil  celebrated  ailrononiers  and  philofo- 
pheis.  ThuEL,  what  the  one  calls  Porphyntes^  the 
other  calls  Ai  ; what  the  one  calls  JEtna^  Sinaia 

AP.ws,  Apenmnus ^ d:c,  the  other  calls,  Copernicus ^ Po^ 
Jictonius,  Tycho ^ Gajjendus^  &c. 

M.  Caflini  has  piibliflied  a work  called  InJIruhllons 
Seleniques^  and  has  pubiilhed  the  hell  map  of  the  moon. 

SELEUCIb  in  Chronology,  the  era  of  the  Se- 
leucidas,  or  the  S\  ro-Maccdonian  era,  which  is  a com- 
putation of  time,  commencing  from  the  eibablinimcnt 
of 'the  Seleucidae,  a l ace  of  Greek  kings,  who  reigned 
as  iucceflors  of  Alexander  the  Great,  in  Syria,  as  the 
Proiomics  did  in  Egypt.  According  to  the  belt  ac- 
counts, the  6rll  year  or  this  era  falls  in  the  vear  31 1 
before  Chrift,  which  was  12  vears  after  the  death  of 
Alexander. 

SEl,L,  in  Building,  is  of  two  kinds,  viz,  Gronnd- 
Sdly  which  denotes  the  low  ell  piece  of  timber  in  a 
wooden  building,  and  that  upon  which  the  whole  lu- 
perflrudlin  e is  railed  And  Sei)  of  a w'indow,  or  of  a 
door,  which  is  the  bottom  piece  in  the  frame  of  them, 
upon  wdtich  they  reft. 

SEMICIRCLE,  in  Geometiy,  is  half  a circle,  or 
a figure  comprehended  between  the  diameter  of  a cir- 
cle, and  half  the  circumference. 

Semicik-Cle  is  alfo  an  inllrument  in  Surveying, 
fometimes  called  the  grophnmeter. 

It  conlifts  of  a fenucircular  limb  or  arch,  as  FIG 
(fig.  3,  pi.  26 ) divided  into  180  degrees,  and  lomctimes 
fubdivided  diagonally  or  othervvife  into  Uiinutes.  ^^hi3 
limb  is  fubtended  by  a diameter  EG,  having  two  fights 
eredted  at  its  extieinities.  In  the  centre  of  the  Semi- 
circle, or  the  middle  of  the  diameter,  is  fixed  a box  and 
needle  ; and  on  the  fame  centre  is  fitted  an  alidade,  or 
moveable  index,  carrying  two  other  fights,  as  H,  I : 
the  w'hole  being  mounted  on  a llaff,  wdcli  a bail  and 
focket  &c. 

Hence  it  appears,  that  the  Semicircle  is  nothing  hut 
half  a theodolite  ; with  this  only  difference,  that  where- 
as the  limb  of  the  theodohte,  being  an  entire  circle, 
takes  in  all  the  360°  fucceftivcly  ; while  in  the  Semicir- 
cle the  degrees  only  guing  f.om  1 to  180,  it  is  ufuai  to 
have  the  remaining  180°,  or  ihofe  bom  180°  to  360°, 
giadualed  in  another  line  on  the  limb  v\lLhjn  the  former. 

P 0 take  an  Angle  ^ith  a Semicircle, — Place  ttie  in  lini- 
ment in  fuch  manner,  as  that  the  radius  CG  may  hang 
over  one  leg  of  the  angle  to  be  ineafaicd,  with  the 
centre  C over  the  veitex  of  the  fame  'i’he  firil  is  cBne 
by  looking  through  the  figlits  F and  G,  at  the  ex; re- 
mit ei  of  the  diame.er,  to  a mark  fixed  up  in  one  ex- 
tremity'’ of  the  kg  ; and  the  latter  is  had  by  letting  fall 
a plummet  from  the  centre  of  the  iidirument.  'This 
done,  turn  the  mo, cable  index  HI  on  its  centre  to- 
wards the  other  leg  of  the  ang  e,  till  ihr.--  ugh  the  figlits 
fixed  in  it,  you  lee  a mark  111  ihe  exti«,mitv  of  the  leg. 
Then  the  degree  which  the  index  cuts  on  the  limb,  is 
the  quantity  or  mealurp  of  the  angle. 

Vql.  IL  ; 


Other  ufes  are  the  fame  as  in  the  theodolite. 

SEMI  CUBICAL  Parabola,  a curve  of  the  2d 
order,  of  fuch  a nature  that  the  cubes  of  the  ordinates 
are  proportional  to  the  fquares  of  the  ablciftes.  Its 
equation  is  ay"^  = aE  This  curve,  AM/?.y  is  one  of 


Newton’s  five  diverging  parabolas,  being  his  yotb  fpe- 
cits;  having  a ciifp  at  its  vertex  at  A.'  It  is  other- 
wife  named  the  Neilian  parabola,  fiom  the  name  of  the 
author  who  fii  ft  treated  of  it. 

Theareaofthefpace  APM,is=  T^xy~  -^\APx  PM, 
or  of  tlie  clrcumfcribiiig  rectangle. 

riie  content  of  the  iolid  generated  by  the  re- 
volution of  the  fpace  APM  about  the  axis  AP,  is 
^pxy"^  — ’7854''^P  ^ PiM^,  or  I of  tlie  circum.fcrib- 
ing  cylinder.  And  a circle  equal  to  the  fin  face  of  that 
f(»lid  may  be  found  from  the  quadrature  of  an  hyperbo- 
lic ipace. 

Alio  the  length  of  any  arc  AM  of  the  curve  mav  be 
ealily  obtained  from  the  quadrature  of  a fpace  contained 
under  part  of  the  curve  of  the  common  parabola,  two 
femiurdinates  to  the  axis,  and  the  part  of  the  axis  con-- 
tained  between  them. 

This  curve  may  be  deferibed  by  a continued  motion, 
viz,  by  faftening  the  angle  of  a Iquaie  in  the  vertex  of 
a common  parabola  ; and  then  carrying  the  inttrleClion 
of  one  fide  of  this  Iquare  and  a long  ruler  (w'hich  ruler 
always  moves  perpendicularly  to  the  axis  of  the  parabo- 
la) along  the  curve  of  that  parabola.  For  the  inter- 
fedion  of  the  ruler,  and  the  other  fide  of  tlie  fquare 
will  dtferibe  a Semicubical  parabola.  Maclaurin  per- 
forms this  w'itliout  a common  parabola,  in  his  Geo- 
nietila  Organica. 

SEMIDIAMETER,  or  Radius,,  of  a circle  or 
fphere,  is  a line  diawn  from  the  centre  to  the  circum- 
ference. And  in  any  curve  that  has  diameters  and  a 
centre,  it  is  the  radius,  or  half  diameter,  or  a line 
drawn  from  the  ccntie  to  fome  point  in  the  curve. 

The  dift  ances,  diameters,  &c,  of  the  heavenly  bo- 
dies, are  ufually  eiliinated  by  aftrouomers  in  Semidia- 
meters  of  the  earth  ; the  number  of  which  terreflrial 
Semidiameters,  contained  In  that  oftach  ofthofe  planets, 
is  as  k;.!  o\v. 
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SEMIDIAPENTE,  in  Mufic,  a defedive  or  im- 
perfed  fifth.,  called  ufually  by  the  Itdlidiis,  falfa  quintay 
and  by  us  a falfe  fifth, 
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SE MIBIAPASON,  In  Mufic,  a defealvc  or  im- 
pfrPea  oftave  ; or  an  o^ave  diinlnlfhed  by  a leffer  fe- 
mitone,  or  4 commas. 

SElMIDIATESSARON,  in  Mufic,  a defeaive 
fourth,  called  alfo  a falfe  fourth. 

SEMIDITONE,  in  Mufic,  is  the  lefier  third,  having 
its  terms  as  6 to  5. 

SEMIORDINATES,  in  Geometry,  the  halves  of 
the  ordinates  or  applicates,  being  the  lines  applied  be- 
tween the  abfcifs  and  the  curve. 

SEMIPARxABOLA,  &c,  in  Geometry,  the  half 
of  the  whole  parabola,  &c. 

SEMIQIJADRATE,  or  SEMioyARTiLE,  is  an 
afpea  of  the  planets,  when  diftant  from  eacn  other  one 
fign  and  a half,  or  45  degrees. 

SEMIQUAVER,  in  Mufic,  the  half  of  a qua- 


ver. 


SEMIQUINTILE,  is  an  afpea  of  the  planets 
when  diftant  from  each  other  the  half  of  a 5th  of  the 
circle,  or  by  36  degrees. 

SEMISEXTILE,  an  afpea  of  two  planets,  when 
fthey  are  diftant  from  each  other  30  degrees,  or  the 
half  of  a fextile,  which  is  2 figns  or  60°.  Tiie  Semi- 
fextile  is  marked  s.  s. 

SEMITONE,  in  Mufic,  a half  tone  or  half  note, 
one  of  the  degrees  or  intervals  of  concords. 

There  are  three  degrees,  or  lefs  intervals,  by  which 
a found  can  move  upwards  and  downwards,  fncceftively 
from  one  extreme  of  any  concord  to  the  other,  and  yet 
produce  true  melody.  Thefe  degrees  are  the  greater 
tone,  the  lefs  tone,  and  the  femitone.  The  ratios  de- 
fining thefe  intervals  are  thefe,  viz,  the  greater  tone  8 
to  9,  the  lefs  tone  9 to  lo,  and  the  Semitone  15  to  16. 
Its  compafs  is  5 commas,  and  it  has  its  name  from 
being  nearly  half  a whole,  though  it  is  really  fomewhat 
more. 


There  are  feveral  fpecics  of  Semitones ; but  thofe 
that  ufually  occur  in  pra6fice  are  of  two  kinds,  diftin- 
guiftied  by  the  addition  of  greater  and  lefs.  The  firft  is 


exprefied  by  the  ratio  of  1 6 to  J 5, 


16 
or  — 


and  the  ft- 


2 c 

cond  by  25'  to  24,  or  -E,  The  oeftave  contains  10 

Semitones  major,  and  2 diefes,  nearly,  or  17  Semi- 
tones minor,  nearly  ; for  the  meafure  of  the  oftave 
being  exprefted  by  the  logarithm  - i ,00000, 

the  Semitone  major  will  be  meafiired  by  0,09311, 

and  the  Semitone  minor  by  - - 0,05889. 

Thefe  two  differ  by  a whole  enharmonic  diefis  ; which 
is  an  interval  praAicable  by  the  voice.  It  was  much 
in  ufe  among  the  Ancients,  and  is  not  unknown  among 
modern  practitioners.  Euler  Tent,  Nov.  Theor.  Muf. 
pa,  107.  See  Interval. 

Thefe  Semitones  are  called  fictitious  notes  ; and,  with 
refpedf  to  the  natural  ones,  they  are  exprefted  by  cha- 
racters Q^Xtd  fiats  and  fioarps.  The  ufe  of  them  is  to 
remedy  the  defets  of  inftruments,  which,  having  their 
founds  fixed,  cannot  always  be  made  to  anfwer  to  the 
diatonic  fcale.  By  means  of  thefe,  we  have  a new  kind 
4)f  fcale,  called  the 

SEMITONIC  Scak^  or  the  Stale  of  Scmliones^ 


which  is  a fcale  or  fyftem  of  mufic,  confifting  of  12 
degrees,  or  13  notes,  in  the  odlave,  being  an  improve- 
ment on  the  natural  or  diatonic  fcale,  by  inferting  be- 
tween each  two  notes  of  it,  another  note,  which  divides 
the  interval  or  tone  into  two  unequal  parts,  called  Se- 
mitones. 

The  ufe  of  this  fcale  is  for  inftruments  that  have 
fixed  founds,  as  the  organ, harpfichord,  &c,  which  are  ex- 
ceedingly defeftive  on  the  foot  of  the  naturalor  diatonic 
fcale.  For  the  degrees  of  the  fcale  being  unequal,  from 
every  note  to  its  oeftave  there  is  a different  order  of  de- 
grees ; fo  that  from  any  note  we  cannot  find  every  in- 
terval in  a feries  of  fixed  founds  ; which  yet  is  necef- 
fary,  that  all  the  notes  of  a piece  of  mufic,  carried 
through  feveral  keys,  may  be  found  in  their  juft  tune,  or 
that  the  fame  fong  may  be  begun  indifferently  at  any 
note,  as  may  be  neceffary  for  accommodating  fome  in- 
ftrument  to  others,  or  to  the  voice,  when  they  are  to 
accompany  each  other  in  unifon. 

The  diatonic  fcale,  beginning  at  the  loweff  note, 
being  firff  fettled  on  an  inttrument,  and  the  notes  of  it 
diftingiiiftied  by  their  nam.es  a,  b,  r,  r/.  e,  fy  g\  the 
inferted  notes,  or  Semitones,  are  called  fidlitious  notes, 
and  take  the  name  or  letter  below  wiih  a as  r M 
called  c lharp  ; fignifying  that  it  is  a femitone  higher 
than  the  found  of  c in  the  natural  feries ; or  this  mark 
called  a flat,  with  the  name  of  the  note  above  fig- 
nifying it  to  be  a Semitone  lower. 

Now  and  - jt  being  the  two  Semitones  the  great- 
er tone  is  divided  into,  and  and  the  Semi- 
tones the  lefs  tone  is  divided  into,  the  whole  odave 
will  ftand  as  in  the  following  fcheme,  where  the  ratios 
of  each  term  to  the  next  are  written  fra6tion-wife  be- 
tween them  below. 

Scale  of  Semitones* 

e.  c^*  d,  e,  f,  /^.  g*  ah*  cc* 

45  128  IS  14  IS  llS  IS  I5  24  IS  12  S IS 

TS"  TTT  13  T.T  T3  TlT  T?  T3  13  TJT  T? 

for  the  names  of  the  intervals  in  this  fcale,  it  may  be 
confidered,  that  as  the  notes  added  to  the  natural  fcale 
are  not  defigned  to  alter  the  fpecies  of  melody,  but 
leave  it  ftill  diatonic,  and  only  corredl  certain  defe6ls 
arifing  from  fomething  foreign  to  the  office  of  the  fcale 
of  mufic,  viz,  the  fixing  and  limiting  the  founds  ; we 
fee  the  reafon  why  the  names  of  the  natural  fcale  are 
continued,  only  making  a diftinflion  of  each  into  a 
greater  and  lefs.  Thus  an  interval  of  one  Semitone, 
is  called  a lefs  fecond  ; of  two  Semitones,  a greater 
fecond  ; of  three  Semitones,  a lefs  third  ; of  four,  a 
greater  third,  &c. 

A fecond  kind  of  Seraitonic  fcale  we  have  from 
another  divifion  of  the  oftave  into  Semitones,  which  is 
performed  by  taking  an  harmonical  mean  between  the 
extremes  of  the  greater  and  lefs  tone  of  the  natural 
fcale,  which  divides  it  into  two  Semitones  nearly  equal. 
Thus,  the  greater  tone  8 to  9 is  divided  into  two  Se- 
mitones, which  are  16  to  17,  and  17  to  18;  where 
36,  17,  18,  is  an  arithmetical  divifion,  the  numbers 
reprefenting  the  lengths  of  the  chords ; but  if  they  re- 
prefent  the  vibration,  the  lengths  of  the  chords  are  re- 
ciprocal j viz  as  I,  ^ which  puts  the  greater  Se- 
mitone 


u 


i 
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ni^one  If  next  the  lower  part  of  the  tone,  and  the  continuation  is  manifefl:.  Or,  if  the  fame  fraiTtlon 


leffer  ll  next  the  upper,  which  is  the  property  of  the 
harmonical  divifion.  And  after  the  fame  manner  the 
lefs  tone  9 to  lo  is  divided  into  two  Semitones,  18  to 
19,  and  19  to  2©  ; and  the  whole  odlave  Hands  thus  : 


I 6 

T 7 


r,  m.  A e.  f.  o.  h. 

7 18  19  _I5  tr"  17^  IS  i5  I-  y ^ 

T Tjr  io  ly  tJ  T8  1-^  20  ly  Yf  i 

This  fcale,  Mr.  Salmon  tells  us,  in  the  Philofophical 
Tranfadtions,  he  made  an  experiment  of  before  the 
Royal  Society,  on  chords,  exadlly  in  thefe  proportions, 
which  yielded  a perfect  concert  with  other  inftruments, 
touched  by  the  beft  hands.  Mr.  Malcolm  adds,  that, 
having  calculated  the  ratios  of  them,  for  his  own  fatif- 
fadtion,  he  found  more  of  them  falfe  than  in  the  pre- 
ceding fcale,  but  then  their  errors  were  confiderably 
lefs,  which  made  amends.  Malcolm’s  Mufic,  chap.  10. 
^ 2. 

SENSIBLE  Horizon,  or  Point,  or  ^aVity,  &c. 
See  the  fubllantives. 

SEPTUAGESIMA,  in  the  Calendar,  is  the  9th 
Sunday  before  Eailer,  fo  called,  as  fome  have  fuppofed, 
becaufe  it  is  near  70  days,  though  in  reality  it  is  only 
63  days,  before  it. 

SERIES,  in  Algebra,  denotes  a rank  or  progreflion 
of  quantities  or  terms,  which  ufually  proceed  accord- 
ing to  fome  certain  law. 


c. 


As  the  Series  i + — d h "e- 

2 A 8 


or  the  Series,  i + 


1 I 
— •+  - 

2 3 


+ 


1 

a,  

‘ j6 


+ 


dec, 


&c. 


where  the  former  is  a geometrical  Series,  proceeding  by 
the  conftant  divifion  by  2,  or  the  denominators  mul- 
tiplied by  2 ; and  the  latter  is  an  harmonical  Series, 
being  the  reciprocals  of  the  arithmetical  Series  i,  2,  3,  4, 
dec,  or  the  denominators  being  continually  increafed 
by  I. 

The  doftrine  and  ufe  of  Series,  one  of  the  greateft 
improvements  of  the  prefent  age,  we  owe  to  Nicholas 
Mercator  ; though  it  feems  he  took  the  firft  hint  of  it 
from  Dr.  Wallis’s  Arithmetic  of  Infinites  ; but  the 
genius  of  Newton  firll  gave  it  a body  and  a form. 

It  is  chiefly  ufeful  in  the  quadrature  of  curves  ; where, 
as  we  often  meet  with  quantities  which  cannot  be  ex- 
preffedby  any  preciie  definite  numbers,  fuch  as  is  the 
ratio  of  the  diameter  of  a circle  to  the  circumference, 
we  are  glad  to  exprefs  them  by  a Series,  which,  infi- 
nitely continued,  Is  the  value  of  the  quantity  fought, 
and  which  Is  called  an  Infinite  Series. 

The  Nature,  Origin,  isfc,  of  Series. 

Infinite  Series  commonly  arlfe,  either  from  a conti- 
nued divifion,  as  was  pradtifed  by  Mercator,  or  the  ex- 
tradlion  of  roots,  as  firil  performed  by  Newton,  who 
alfo  explained  other  general  ways  for  the  expanding  of 
quantities  into  infinite  Series,  as  by  the  binomial 
theorem.  Thus,  to  divide  i by  3,  or  to  expand  the 
fradlion  y into  an  infinite  Series  ; by  divifion  in  deci- 
mals in  the  ordinary  way,  the  feries  is  0*3 33 3 &c,  or 
n 3 

^ where  the  law  of 


^ 3 

— + 
10  100 


1000 


10000 


be  fet  in  this  form 


2 d* 


and  divifion  be  performed 


in  the  algebraic  manner,  the  quotient  will  be 


2 4- 1 


+ 

^ 8 


16 


4“ 


8cc, 


Or,  if  it  be  exprefled  In  this  form  — 

3 

divifion  there  will  atife  the  Series, 


4-1 


•,  by  a like 


I I 


16 


+ 


&c 


4- 


---  4- 

H- 


4^ 


&c. 
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And,  thus,  by  dividing  i by  5 — 2,  or  6 — 3>  or  7 — 4, 
dec,  the  Series  anfwering  to  the  fiadlion  may  be 
found  in  an  endlefs  variety  of  infinite  Series  ; and  the 
finite  quanrity  j Is  called  the  value  or  radix  of  the 
Series,  or  alio  its  fum,  being  the  number  or  fum  to  which 
the  Series  would  amount,  or  the  limit  to  wliich  it  would 
tend  or  approximate,  by  I'umming  up  its  terms,  or 
by  colledting  them  together  one  after  another. 

In  like  manner,  by  dividing  1 by  the  algebraic  fum 
a c,  or  by  rt!  — r,  the  quotient  will  be  in  thefe  two 
cafes,  as  below,  viz. 


a-\-c 

I 

a—c 


a 

I 


c 


a 


+ 


4“ 


«' 


4- 


See, 


&:c. 


where  the  terms  of  each  Series  are  the  fame,  and  they 
differ  only  in  this,  that  the  ligns  are  alternately  pofitive 
and  negative  in  the  former,  but  all  pofitive  in  the  latter.- 
And  hence,  by  expounding  and  c by  any  numbers 
whatever,  w'e  obtain  an  endlefs  variety  of  infinite  Se- 
ries, whofe  films  or  values  are  known.  So,  by  taking 
a Qx  c equal  to  I or  2 or  3 or  4,  See,  we  obtain  thefe 
Series,  and  their  values ; 


14-1 

I 


12:— =i  — i4*i—  i + i 


-12  3 

III 


I 

I 


2 4-  I 


4- 


T 


+ 


I Sec, 


&c. 


I 

2^ 


I 


r 


14-2 


3 ^ 


— 2 4-  2' 


— 23 


&C, 


3 4-1 


And  hence  it  appears,  that  the  fame  quantity  or  ra- 
dix may  be  exprefled  by-  a great  variety  of  infinite  Sc- 
ries, or  that  many  dilierent  Series  may  have  the  fame 
radix  or  fum. 

Another  V7ay  in  which  an  infinite  Series  arifes,  is  by 
the  extradion  of  roots.  Thus,  by  extradting  the 
fquare  root  of  the  number  3 in  the  common  way,  we 
obtain  its  value  in  a feries  as  follows,  viz,  — 


10 


4-  --  + 

100 


1000 


4- 


1 00000 


1*73205  Sec  I 4- 
&c  ; 

in  which  way  of  refolutlon  the  law  of  the  progre/fion 
3^2 


S E R 


[ 43S  ] 


of  tlie  Series  Is  notvlfible,  as  it  is  when  founa  by  dl- 
vifion.  And  the  fquare  root  of  the  algebraic  quantity 
c'^  ffives 

+ 


a'^  -]r  « 4- 


— &;c. 


2 Cl 


16^35 

And  a jd  way  is  by  Newtoids  binomial  theorem, 
which  IS  a univerfal  method,  that  ferves  for  all  forts  of 
quantities,  whether  fraflional  or  radical  ones  : and  by 
this  means  the  fame  root  of  the  laft  given  quantity  be* 


■comes  -f 


a i 


+ 


za  2.^.a^  2. 4. 6^5  ‘ 2.4.6.8^17 

wdiere  the  law  of  continuation  is  vifible. 

8ee  Extraction  of  Roots,  and  Binomiai 
orein. 

Erom  the  fpecimens  above  given,  it  appears  that  tue 
Tigns  of  the  terms  may  be  either  all  plus,  or  alternately 
plus  and  minus.  Though  they  may  be  varied  in  many 
xather  ways.  It  alfo  appears  that  the  terms  may  be 
either  continually  fmaller  and  fmaller,  or  larger  and 
larger,  or  elfe  all  equal.  In  the  firll  cafe  therefore  the 
Series  is  faid  to  be  a decrcofing  one,  in  the  2d  cafe  an 
increafwg  one,  and  in  the  3d  cafe  an  canal  one.  Alfo 
the  firll  Series  is  called  a converging  one,  becauie  that  by 
4Collc£ling  its  terms  fucccfiively,  taking  in  always  one 
term  mor^e,  the  fucceffive  fums  approximate  or  conveige 
to  the  value  or  fum  of  the  whole  infinite  Series.  80,  in 
the  Series 

1 lilt  I 

_ — — — -}-  4- 

3 — 1 2 3 9 27 


81 


I I • ^ ♦ 

the  firll  term  — is  too  little,  or  below  — wEicii  is  the 

3 . . . ^ 

\V;lue  or  fum  of  the  whole  infinite  Series  propofed  ; the 

I I • 4 o 

fum  of  the  firll  two  terms  — d - is  — = *4444 

3 9 9 

is  alfo  too  little,  but  nearer  to  — or  *5  than  the  former; 

2f 

r 1 ^ ^ • 7 3 

and  the  fum  of  three  terms \ — is  — = 

3 9 27  27 

*481481  &c,  is  nearer  than  the  laft,  but  illll  too 
little ; and  the  fum  of  four  terms 


I 

T 


4 


I I 

27  Bi, 


•493827  See. 


value. 


I 

4. 


3 + I 

the  ill  term 


two  terms 


three  terms 


I 

3 


0*25  = 

= '333  Sec,  is  too  great, 

= *22  2 &c,  are  too  little, 


1 

9 

I ^ 

h - — = •2:9230  &c,  are  too  greatj 

9 27  ^ 


four  terms 


I 

9 


S E R 
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I 

‘ST 


•241^913  See,  arc 
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3 9 27  01,  81  ■ 

'which  is  again  nearer  than  the  former,  but  Hill  too 
little  ; which  is  always  the  cafe  when  the  terms  are  all 
pofitive.  But  when  the  converging  Series  has  its  terms 
akerfiately  pofitive  and  negative,  then  the  fucceffive 
fums  are  alternately  too  great  and  too  little,  though 
Hill  approaching  nearer  and  nearer  to  the  final  fum  or 
1 fills  in  the  Series 

I I ^ . 

4 0“ 

9 27  81 


I 

3 9 27 

too  great,  and  fo  on,  alternately  too  great  and  loo 
fmall,  but  every  fucceeding  fimi  Hill  nearer  than  the 
former,  or  converging. 

In  the  fecond  cafe,  or  when  the  terms  grow  larger 
and  larger,  the  Series  is  called  a diverging  one,  becaufe 
that  by  colledling  the  terms  coiitiuiiaily,  the  fucceffive 
fums  diverge,  or  go  always  farther  andiarther  from  the 
true  value  or  radix  of  the  Series;  being  all  too  great 
when  the  terms  are  all  pofitive,  but  alternately  too  great 
tile  when  they  are  alternately  pofitive  and 
Thus,  in  the  Series 

I 


Sec. 

and  too 

negative. 

The- 

I 

I 4 

0 


I — 244  — S Sec. 


the  firll  term  4 i is  too  great, 

two  terms  i.  — 2 ==  — i,  are  too  little, 

three  terms  i 2 4 4 — 4 3 

four  terms  1 — 2 44' — 8 = ~ 5 are  too  little, 

and  fo  on  continually,  after  the  2d  term,  diverging 

more  and  more  from  the  true  value  or  radix  — , but 

3 

alternately  too  great  and  too  little,  or  pofitive  and  ne- 
gative. But  the  alternate  fums  would  be  alw-ays  more 
and  more  too  great  if  the  terms  were  all  pofitive,  and 
always  too  little  if  negative. 

But  in  the  third  cafe,  or  when  the  terms  are  all  equal,, 
the  Series  of  equals,  v/ilh  alternate  figns,  is  called  a neu^ 
tral  one,  becaufe  the  fucceffive  fums,  found  by  a con- 
tinual eollc6lion  of  the  terms,  are  alw^ays  at  the  fame  dif- 
tance  from  the  true  value  or  radix,  but  alternately  poli- 
tive  and  negative,  or  too  great  and  too  little.  Thus, 
in  the  Series 


1 

2 


14^ 


I 4 I — I S^c, 


141 

the  firll  term  i is  too  great, 
two  terms  I — i o are  too  little, 
three  terms  i — I 4 i = i too  great, 
four  terms  i ■ — i 4 1 — 1=0  too  little, 

and  fo  on  continually,  the  fucceffive  fums  being  alter- 
nately 1 and  o,  which  are  equally  different  from  the  true 

value  or  radix  — , the  one  as  much  above  it,  as  the 
2 

other  below  it. 

A Series  may  be  terminated  and  rendered  finite,  and 
accurately  equal  to  the  fum  or  value,  by  affnming  the 
fupplement,  after  any  particular  term,  and  combining 

it  wdth  the  foregoing  terms.  So,  in  the  Series  ~ — - 


4 


4 Sec,  wdiich  is  equal  to  and  found 

B i6  ’ ^ 3’ 


by  dividing  i by  2 4 after  the  firll  term,  — , of  the 


quotient,  the  remainder  is which  divided  by 

2 4 I)  or3>  gives for  the  fupplement,  which 

combined 


S E R 


S E R 
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'combined  with  tlie  fiill  term 


! I 

6 ” 3 

the  true  fum  of  the  Series.  Again,  after  the  firfl  two 


— , gives  — 
2 ^ 2 


I . I 


O', 

20  42 

3-3 


■Xy 


49 


X . 


&c, 


or 


-Xy 


A", 


Xy  Szc  ; 


terms  — — — , the  remainder  is  + — , 

24  4 


which  divi- 


ded by  the  fame  divifor  3,  gives  for  the  fupple 


inent,  and  this  combined  vviththofe  two  terms — » 

2 4 


makes 


— — 4- 

4 


[ 2 


4 2 


or 


3 


the  fame  fum  or  value  as  before.  And  in  general,  by 
dividing  i by  <2  + there  is  obtained 


4-  r 


I 

a 


4-  — i 


a- 


a- 


where,  flopping  the  divifion  at  any  term  as  - — , the 


(.n  + t 

remainder  after  this  term  is  — — , which  being  divided 


a 


‘by  the  fame  divifor  a Cy  gives  ^ ^ ^ ^ 

fupplement  as  above. 

7'he  La<iu  of  Conthiuatton* — A Series  being  propofed, 
one  of  the  chief  qiieflions  concerning  it,  is  to  find  the 
law  of  its  continuation.  Indeed,  no  univerfal  rule  can 
be  given  for  this  ; but  it  often  happens  that  the  terms 
of  the  Series,  taken  two  and  two,  or  three  and  three, 
or  in  greater  numbers,  have  an  obvious  and  fimple  rela- 
tion, by  which  the  Series  may  be  determined  and  pro- 
duced indefinitely.  Thus,  if  I be  divided  by  I — .r, 
the  quotient  will  be  a geometrical  progreflion,  viz, 
j 4-  4.  ^3  SeCy  where  the  fucceeding  terms  are 

produced  by  the  continual  mukiplication  by  an  In  like 
manner,  in  other  cafes  of  divifion,  other  progrefiiuns 
are  produced. 

But  in  mod  cafes  the  relation  of  the  terms  of  a Series 
is  not  conllant,  as  it  is  in  thofe  that  arife  by  divifion. 
Yet  their  relation  often  varies  according  to  a certain 
law,  which  is  fometimes  obvious  on  infpedion,  and 
fometimes  it  is  found  by  dividing  the  fuccelhve  terms 
one  by  another,  &c.  Thus,  in  the  Series 


2.3  ' 4.5  6.7  ■ ' 8.9 

and  therefore  the  terms  of  the  Scries  may  be  continued 

by  the  multiplication  of  thefe  fradlions. 

Another  method  of  exprelling'  the  law  of  a Scries,  is 
one  that  defines  the  Scries  ilfelf,  by  its  ^enerzil  tcrjiiy 
fiicwing  the  relation  of  the  terms  generally  by  their 
di dances  from  the  beginning,  or  by  differential  equa- 
tions. To  do  this,  Mr.  Stirling  conceives  the  terms  of 
the  Series  to  be  placed  as  fo  many  ordinates  on  a right 
line  given  by  pohtion,  taking  unity  as  the  common  in- 
terval between  thefe  ordinates.  Thetermsofthe Series  he 
denotes  by  the  initial  letters  of  the  alphabet,  A,  B,  C, 
D,  Sec  ; A being  the  firil,  B the  2d,  C the  3d,  &c  : 

and  he  denotes  any  term  in  general  by  the  letter  T,  and 

“h  I ^t;4_r)  the  red  following  it  in  order  by  Th  4.'’  '1  "y 

&c  ; alfo  the  diftance  of  the  term  T from  any  given 
term,  or  from  any  given  intermediate  point  betw^een 
two  terms,  he  denotes  by  the  Indeterminate  quantity 
z:  fo  that  the  didances  of  the  terms  T', 

$cCy  from  the  fald  term  or  point,  will  be  2 i,  z 4-  2, 
z 4-  3,  &c  ; becaiil'e  the  increment  of  the  abfcifs  is  the 
common  interval  of  the  ordinates,  or  terms  of  the  Scries, 
applied  to  the  abfcils. 

Thefe  things  being  premifed,  let  this  Scries  be  pro- 
pofed, viz, 


« 


^«4- 


» + i' 


.«  + I 


for  the 


■Xy 


3_ 

8 


,,2 

a , 


X^y 


3^ 


1 


256 


See  ; 
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in  which  It  is  found,  by  dividing  the  terms  by  each 
other,  that  the  relations  of  the  terms  arc, 

B = - At,  C = i-  E.v,  D = I Ca-,  E = 7.  D .v,  S;c : 

2460 

then  the  relation  In  general  will  be  defined  by  the  equa- 


tion T'  = 


2 z 4-  I 


T,v  or 


z 4- 


j. 

Z 


where  z de- 


2z  4-  2 z -r  i 

notes  thedidance  of  T from  the  fird  term  of  the  Series* 
For  by  fubditiiting  o,  i,  2,  3,  4,  &c,  fucceffively 
indead  of  z,  the  fame  relations  will  arife  as  in  the  pro- 
pofed Series  above.  In  like  manner,  if  z be  the  dif* 
tance  of  T from  the  2d  term  of  the  Series,  the  equation 


wall  be  T ' 


2«  -f  3 


Tx  or 


+ 


7. 


Tx,  as  will  ap- 


128  ^ ^ . 

^ 4-  x"*  czcy  by  clivi- 

513 


2 8 16 

I 4-  — A"  -F  — 

3 3'> 
ding  the  2d  term  by  the  id,  the  3d  by  the  2d,  the  4th 
by  the  3d,  and  fo  on,  the  quotients  will  be 

24  ^ ^ O 

— Xy  — Xy  — X,  — .r,  occ; 

3 5 7 9 

and  therefore  the  terms  may  be  continued  indefinitely 
by  the  fucceffive  multiplication  by  thefe  fracllons. 
Alfo  in  the  following  Series 


2z  4-  4 2;  4- 

pear  by  fubdituting  the  numbers  — 1,0,  i,  2,  3) 
fuccefiively  for  z.  Or,  if  z denote  the  place  or  number 
of  the  term  T In  the  Series,  its  fucceffive  values  will  be 
I,  2,  3,  4,  tkc,  and  the  equation  or  general  term  will  be 

T'  = T;c. 


z 


+ —AT  + 


3 


,2, 


X- 


-f 


1132 


2.4  &c,  by 


6 " ‘ 40  ’128 

lividing  the  adjacent  terms  fuccefiively  by  each  other, 
,he  Series  of  quotients  is 


It  appears  therefore,  that  innumerable  differential 
equations  may  define  one  and  the  fame  Series,  accord- 
ing to  the  different  points  from  whence  the  origin  of 
the  abfcifs  z is  talien.  And,  on  the  contrary,  the  fame 
equation  defines  innumerable  difierent  Series,  by  taking 
different  fuccefiive  values  of  z.  For  in  the  equation 


n r 


T.V,  which  defines  the  foregoing  Series 


when 
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C 43S  1 
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^"hen  I,  2,  3,  4,  &c  are  the  fucceffive  values  of  the 
ab fci ITe s ; if  17,  2f,  3 ^,  4-,  See,  be  fucceffively  fub- 
flituted  for  z,  the  relations  of  the  terms  arihng  will  be, 

li  = — A*',  C = — B.r,  D -—Cx,  See,  from 
3 5 , 7 

whence  will  arife  the  Series 

A,  — A cV, Ax®,  — A iA  ScCf 

3 35  315 

wdiich  is  different  from  the  former. 

And  thus  the  equation  wdl  always  determine  the 
Series  from  the  given  values  of  the  abfeifs  and  of  tne 
hrft  term,  when  the  equation  includes  but  two  terms 
of  the  Series,  as  in  the  laid  example,  where  the  hrft; 
term  being  given,  all  the  reft  will  be  given. 

But  when  the  equation  includes  three  terms,  then  two 
TTiuft  be  given  ; and  three  mull  be  given,  when  it  in- 
cludes four  ; and  fo  on.  So,  if  there  be  propofed  the 

Series  x, 

6 40  128 

where  the  relations  of  the  terms  are, 

B = llE  Ax'-,  C = D = 

2.3  4.5  _ 6.7 

the  equation  defining  this  Series  will  be 

4221—42  + I 


* 1152 


6cc, 


C X" , 


See, 


T'  = 


22  — 1.22 


T 


;2  “b  22 


• 25K  q-  I 

where  the  fucceffive  values  of  2 are  i,  2,  3,  4,  Sec.  See 
Stirling’s  Methodus  Differentialis,  in  the  introdublion* 
This  may  fuffice  to  give  a notion  of  thefe  differential 
equations,  defining  the  nature  of  Series.  But  as  to  the 
application  of  thefe  equations  in  interpolations,  and  find- 
ing the  fums  of  Series,  it  would  require  a treatife  to 
explain  it.  We  muft  therefore  refer  to  that  excellent 
one  juft  quoted,  as  alfo  to  De  Moivre’s  Mifcellanea 
Analytica  ; and  feveral  curious  papers  by  Euler  in  the 
Affa  Petropolitana. 

A Series  often  converges  fo  flowly,  as  to  be  of  no 
life  in  pradlice.  Thus,  if  it  were  required  to  find  the 
film  of  the  Series 


I I I I I 

1 .2  3.4  5.6  7.8^9.10 


ScCi 


fum  depends  on  the  quadrature  of  the  circle.  Such  is. 

I I I I 

the  Series  l — -j- -j — —See;  See  Demoivre 

3 5 7 9 

Mifcel,  Analyt.  pa.  iil,  or  my  Menfur.  pa.  119.  Or 

the  fum  of  the  Series  i H b—q Sec.  con- 

4 9 16  25 

tinned  ad  infinitum,  according  to  Euler’s  difeoverv. 

Conthiued  Fraciion  or  Scries^  is  a fradlion  of  this 
kind,  to  infinity,  a 


b q- 


d “b 


/ 


h Sec. 


The  firft  Series  of  this  kind  was  given  by  Lord 
Brouucker,  firft  prefident  of  the  Royal  Society,  for  the 
quadrature  of  the  circle,  as  related  by  Dr.  Wallis,  in 
his  Algebra,  pa.  317.  Hisferiesis 
I q*  I 


2 -b 


2 q- 


25 


2 q- 


49 


2 -b 


8r 


2 q-  &c, 

which  denotes  the  ratio  of  the  fquare  of  the  diameter 
of  a circle  to  its  area.  Mr.  Euler  has  treated  on  this 
kind  of  Series,  in  the  Peterfburgh  Commentaries, 
vol.  i£,  and  in  his  Analyf,  Infinit.  vol.  i,  pa.  295, 
where  he  ffievvs  various  ufesof  it,  and  how  to  transform 
ordinary  fradlions  and  common  Series  into  continued 
fraAions.  A common  fraction  is  transformed  into  a 
continued  one,  after  the  manner  of  feeking  the  greateft 
common  meafure  of  the  numerator  and  denominator, 
by  dividing  the  greater  by  the  lefs,  and  the  laft  diviior 

always  by  the  lafl  remainder.  Thus  to  change 


to  a continued  fraction. 

59)  (24 

Theref.ii^: 


59 


which  Lord  Brouncker  found  for  the  quadrature  of  the 
hyperbola,  true  to  9 figures,  by  the  mere  addition  of 
the  terms  of  the  Series ; Mr.  Stirling  computes  that  it 
would  be  neceffary  to  add  a thoiifand  millions  of  terms 
for  that  purpofe ; for  which  the  life  of  man  would  be 
too  fhort.  But  by  that  gentleman’s  method,  the  fum 
of  the  Series  may  be  found  by  a very  moderate  compu- 
tation. See  Method.  Differ,  pa.  26. 

Series  are  of  various  kinds  or  defcriptlons.  So, 

An  Afcending  Series,  is  one  in  which  the  powers 
of  the  indeterminate  quantity  increafe ; as 

I ^ ax  + Ix^  + Sec,  And  a 

Defcendmg  Series,  is  one  in  which  the  powers  de- 
creafe,  or  elfe  increafe  in  the  denominators,  which  is 
the  fame  thing  ; as 

1 -^ax  " * q-  -b  CA?  “2  or  I q-— q-Aq,.! 

X x®  x^ 

A Circular  S£Eies>  which  denotes  a Series  whofe 

4 


28 1 
216 

45)  59  (I 
45 


59 


244- 


1 + 


3+- 


4-b 


14)  45  (3 

42 


iq- 


3)  H(4 

12 


a)  3 (J 

2 


Alfo  2 2:2 14“ 


) 2 

2 

0 

1 


(2 


2 4- 


2 “b 


3 4- 


— &c. 

2 

Converging 


S E R 
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[ 439  1 


Convergifig  Series,  is  a Series  whofe  terms  conti- 
nually decreafe,  or  the  fucceffive  fums  of  whofe  terms 
approximate  or  converge  always  nearer  to  the  ultimate 
fum  of  the  whole  Series.  And,  on  the  contrary,  a 
Diverging  Series,  is  one  whofe  terms  continually 
increafe,  or  that  has  the  fuccefiivc  fums  of  its  terms  dl- 
trcrging,  or  going  off  always  the  farther,  from  the 
fura  or  value  of  the  Series. 

Determinate  Series,  is  a Series  whofe  terms  pro- 
ceed by  the  powers  of  a determinate  quantity  ; as 


+ — d- 

2 


+ 


-f-  See*  If  that  determinate 


2^  23 

quantity  be  unity,  the  Series  is  faid  to  be  determined 
by  unity,  De  Moivre,  Mifcel.  Analyt.  pa,  iir. 
And  an 

Indeterminate  Series  is  one  whofe  terms  proceed  by 
the  powers  of  an  indeterminate  quantity  a;  ; as 

X d-  — A*  -b  — X*  SeC  ; or  fometlmcs  alfo  with 

2 3 4 ^ 

indeterminate  exponents,  or  Indeterminate  coefficients. 

The  Dorm  of  a Series,  is  ufed  for  that  affedllon 
of  an  indeterminate  Series,  fuch  as 

” , 7 « + , « T27-  . 1 ‘r 

ax  -f  ox  -f-  cx  4.  dx  &c,  which  aides 
from  the  different  values  of  the  indices  of  w.  Thus, 

If  « = I,  and  r z=  I,  the  Series  will  take  the  form 

, ax  4 l>x^  4 + dx^  See. 

fi  =z  I,  and  r = 2f  the  form  will  be 

ax  4 "b  4“  Sec. 

and  r = I,  the  form  is 


•If  n = 


I 


ax 


If 


n 


4 4 &c.  And 

— I,  the  form  will  be 


o,  and  r : 
a 4 ^ 4 CA”  * 4 ^ Sec. 

\\  hen  the  value  of  a quantity  cannot  be  found  cxadtlv, 
it  Is  of  ufe  in  algebra,  as  v/ell  as  in  common  arithme- 
tic,^ to  feek  an  approximate  value  of  that  quantity, 
which  may  be  ufeful  in  pradfice.  Thus,  in  arithme- 
tic, as  the  true  value  of  the  fquare  root  of  2 cannot  be 
affigned,  a decimal  fradf  Ion  is  found  to  a fufficient  de- 
gree of  exadlnefs  in  any  particular  cafe  ; which  decimal 
fraftion  is  in  reality,  no  more  than  an  infinite  ferics  of 
fradlions  converging  or  approximating  to  the  true  value 
of  the  root  fought.  For  the  expreffion  ;/2  — 1*414213 

SeCi  is  equivalent  to  this  ^2  ~ I 4 — -I ^4  ^ 

10  100 

Sec;  or  fuppofing  .v  rr  10,  to  this 


1000 


1 


>/2  = I 4 - 4 -r  + 


4 — : Sec. 


± 

X .\’3 

or  — I T 4^  ^ X 4 4*  2x~^ 

W'hich  lafl  Series  is  a particular  cafe  of  the  more  gene- 
ral Indeterminate  Series  4 iix"  ^ ^ 4-  Sec, 


Sec, 


VIZ 


a 


when 
I. 


n 


=z  o, 
c = 


r ~ ~ 1. 


and  the  coefficients 
^ = 4.,  ^ = I,  J = 4,  &c. 

But  the  application  of  the  notion  of  approximations 
in  numbers,  to  fpecles,  or  to  algebra,  is  not  fo  ob- 
vious. Newton,  with  his  ufual  fagacity,  took  the  hint, 


’ 1 . 

and  profecuted  it  ; by  which  w'ere  difcovcied  gererat 
methods  in  the  dodlrlne  of  infinite  Series,  which  had 
before  been  treated  only  in  a particular  maimer,  though 
with  great  acutenefs,  by  Wallis  and  a fev/ others.  See 
Newton’s  Method  of  Fluxions  and  Infinite  Series,  with 
Colfon’s  Comment  ; as  alfo  the  Analyfis  per  ^qua- 
tiones  Numero  Terminorurn  Infinitas,  publiflied  by 
Jones  in  1711,  and  fince  tranflated  and  explained  by 
Stewart,  together  with  Newton’s  Tradl  on  Quadra- 
tures, in  1745.  To  thefe  may  be  added  Maclaiirin’s 
Algebra,  part  2,  chap.  10,  pa.  244;  and  Cramer’s 
Analyfe  des  Lignes  Coilrbes  Algebraiques,  chap.  7, 
pa.  148;  and  many  other  authors. 

Among  the  various  methods  for  determining  (he  va- 
lue of  a quantity  by  a converging  Series,  that  feenvs 
preferable  to  the  rell,  which  confills  in  aiTuming  an 
indeterminate  Series  as  equal  to  the  quantity  whofe  va- 
lue is  fought,  and  afterw'ards  determining  the  values  of 
the  terms  of  this  affumed  Series.  For  inltance,  fuppofe 
a logarithm  were  given,  to  find  the  natural  number  an- 
fwerlng  to  it.  Suppofe  the  logarithm  to  bex,  and  the 
correfponding  number  fought  1 4 a' ; then  by  the  na- 
ture of  logarithms  and  fiuxions,  i , or 


I 4 A’ 

« 4 nr  X.  Now  affume  a Series  for  the  value 
of  the  unknown  quantity  x,  and  fubftitute  it  and  its 
fluxion  inflead  of  .r  and  x in  the  laft  equation,  then 
determine  the  affiimed  coefficients  by  comparing  or 
equating  the  like  terms  of  the  equation.  Thus, 

affume  x = az  hz^  4 4 dz^  Sec, 

then  w nr  4 ibzz  4 yz^z  4 e\.dz^z  Sec  ; 
and  ~ (^  4 Aii)  =:  a.  4 eizz  4 4 oz^z  Sec; 

hence,  comparing  the  like  terms  of  thefe  two  values  of  w, 
there  arifes  a — i,  c ==  d nr  — i-,  5>c  ; 


2’  6 24 

which  values  being  fubllitutcd  for  a,  h,  c,  Sec,  in  the 
affumed  Series  ax  4 bx'^  4 cx^  See,  it  gives 

X =Z  Z + 4 2;3  4 — 4 _i_2,S 

2 6 24  120  ' ’ 


. I I 

X = z -] 4-  

1.2  ^•2.3 


z3  4 


■z<-i. 


1.2. 3. 4 i,2.3.4'5 

Sec  ; and  confequently  the  number  fought  will  be 

I 


z- 


i4‘A'—  i4-!s4-  - — 4 

1.2  1.2.3 


z^  Sec. 


But  the  indeterminate  Series  az  4 b-z'^  4 ez^  Sec 
was  here  affumed  arbitrarily,  with  regard  to  its  expo- 
nents I,  2,  3,  Sec,  and  wdll  not  fiicceed  in  all  cafes,  be- 
caufe  feme  quantities  require  other  forms  for  the  expo- 
nents. F 01  inftancc,  if  from  an  arc  giv'en,  it  were  re- 
quired to  find  the  tangent.  Let  a’  = the  tangent,  and 
z the  arc,  the  radius  being  nr  i.  Then,  from  the  na- 
ture of  the  circle  wc  ffiall  have 


A- 


I + ~~ 

z 4 Now  if,  to  find  the  value  of  a*,  wc 
fuppofe  X = az  D bz^-  4 Sec,  and  proceed  as  be- 
fore, we  fliall  find  all  the  alternate  coefficients  b,  d,f.  Sec. 
or  ihofe  of  the  evmT  powers  of  z,  to  be  each  nr:  o • and 
tiierefoie  the  Series  affumed  is  not  of  a proper  form, 

\ But 


S E R 


S E R 


[ 440  ] 


But  fuppofing  X ~ 
then  we  find  a — i , 


az 


“1“  •*]-*  dz*^ ^ S(Cf 


confeqiientlp  a’ 


« -p  ~ Si- 

3 


13 

2 


.d 


-p  — z^  “{*■ 


1 7 

~5  &c,  and 

17 


&c. 


equation, 


T I 

Will  » I — 

3f» 


$cc  =z  the  length  of  an  arc 


0 3>5 

And  other  quantities  require  other  forms  ol  Series. 

Now  to  find  a proper  indeterminate  Series  in  all 
cafes,  tentatively,  would  often  be  very  laborious,  and 
even  impratdicable.  Mathematicians  have  therefore  en- 
cleavfuied  to  iind  out  a general  rule  for  this  purpofe  ; 
though  till  lately  the  method  has  been  but  imper- 
feblly  underllood  and  delivered.  Moil:  authors  in- 
deed have  explained  the  manner  of  finding  the  co- 
efficients a,  r,  d,  &c,  of  the  indeterminate  Series 

n y n -j-  r ?z  ir  . i*i*  r i 

ax  -p  ox  -P  cx  &c,  which  is  eaiy  enough  ; 

but  the  values  of  n and  r,  in  which  the  chief  difficulty 

lies,  have  been  affigned  by  many  in  a manner  as  if  they 

were  felf-evident,  or  at  lead  difcoverable  by  an  eaiy 

trial  or  two,  as  in  the  lad  example. 

As  to  the  number  w,  Newton  himfelf  has  fhewn  the 
method  of  determining  it,  by  his  rule  for  finding  the 
fil'd  term  of  a converging  Series,  by  the  application  of 
bis  parallelogram  and  ruler.  For  the  particulars  of  this 
method,  fee  the  authors  above  cited  ; fee  alfo  Paral- 
lelogram. 

Taylor,  in  his  Methodus  Incrementorum,  invedi- 
gates  the  number  r ; but  Stirling  obferves  that  his  rule 
Ibmetiraes  fails.  Liiiete  Tert.  Ordin.  Newton,  pa.  28. 
Mr.  Stirling  gives  a correfiflon  of  Taylor^s  rule,  but 
fays  he  cannot  affirm  it  to  be  univerfal,  having  only 
found  it  by  chance.  And  again 

Gravefande  obferves,  that  though  lie  thinks  Stir- 
ling’s rule  never  leads  into  an  error,  yet  tliat  it  is  not 
perfect.  See  Gravefande,  De  Determin.  Form.  Seriei 
Infinit.  printed  at  the  end  of  his  Mathefeos  Univerfalis 
Elernenta.  This  learned  profeiTor  has  endeavoiu  ed  to' 
reffiify  the  ^ule.  But  Cramer  has  ffiewn  that  it  is  ft  ill 
defective  in  feveral  refpedfs  ; and  he  himfelf,  to  avoid 
the  inconveniences  to  which  the  methods  ot  former  au- 
thors are  fubjedt,  has  had  recoiirfe  to  the  fird  principles 
of  the  method  of  infinite  Series,  and  has  entered  into  a 
more  exadt  and  iuflrudlive  detail  of  the  whole  method, 
than  is  to  be  met  with  elfewhere  ; for  which  reaion, 
and  many  others,  histreatife  deferves  to  be  particularly 
recommended  to  beginners. 

But  it  is  to  be  obferved,  that  in  determining  the  va- 
lue of  a quantity  by  a converging  Series,  it  is  not  al- 
ways necedary  to  have  recourfe  to  an  Indeterminate  Se- 
ries : for  it  is  often  better  to  find  it  by  divifion,  or  by 
extraction  cf  roots.  See  Newton’^  Meth,  of  Piux, 
and  Inf.  Series,  above  cited.  Thus,  if  it  were  re- 
quired to  find  the  arc  of  a circle  from  its  given  tangent, 
that  is,  to  find  the  value  of  z In  the  given  fiuxional 


— by  an  infinite  Series : di- 

i -p  XX 

viding  A by  I + »rx,  the  quotient  will  be  the  Series 
A-  — A ’a  1-  — x^x  Slq  ~ Z',  and  taking  the  duents 

cf  the  terms,  there  v f .-its  a;  = .r -p  — — — x'^ 

3 5 7 

&c,  which  Is  the  Series  often  ufed  for  the  quadrature 
of  the  circle.  Il  i,  or  the  tangent  of  45°,  then 


of  45*^,  or  — of  the  circumference,  to  the  radius  i,  0? 

8 

— of  the  circumference  to  the  diameter  i.  Confe* 

4 

I I I 

qiiently,  if  i be  the  diameter,  then  i j 

^ 3 5 7 

I 

w^ill  be  the  area  of  the  circle,  becaiife  — of  the  cir- 

4 

cumference  multiplied  by  the  diameter,  gives  the  area 
of  the  circle.  And  this  Series  was  fird  given  by  Leib- 
nitz and  James  Gregory. 

See  the  form  of  the  Series  for  the  binomial  theorem^ 
determined,  both  as  to  the  coefficients  and  exponents, 
in  my  Tradts,  vol,  i,  pa.  79, 

Hannon: cal  Series,  the  reciprocal  of  arithmeticals. 
See  Harmonical. 

Hyperbolic  Series,  is  ufed  for  a Series  whofe  fum 
depends  upon  the  quadrature  of  the  hyperbola.  Such  is 

the  Series  — 4 — - + ■ — 4 &c.  De  Molvre’s  Mif- 

1234 

cel.  Analyt.  pa.  1 1 1. 

Interpolation  of  the  inferting  of  fome  terms 

between  others,  &c.  See  Interpolation^. 
interfeendent  See  Interscendent, 

Mixt  Serifs,  one  whofe  fum  depend*^  partly  on  the 
quadrature  of  the  circle,  and  partly  on  h : of  the  hy«. 
perbola.  De  Moivre,  Mifcel.  A^nedyt.  pa.  ill. 

Recurring  Series,  is  ufed  for  a Series  which  is  fo 
condituted,  that  having  taken  at  pleafure  any  number 
of  Its  terms,  each  follo'vving  term  Oiall  be  related  to  the 
fame  number  of  preceding  terms  according  to  a con- 
dant  law  of  relation.  Thus,  in  the  following  Se- 
ries, 

abed  e f 

I -P  2A  4*  3^^  4-  + 34*^'^  4-  97^5  &c, 

in  which  the  terms  being  refpedtively  reprefented  by 
the  letters  rz,  b,  e,  &;c,  fet  over  them,  we  fhall  have 

d = 3 at  — 2 At-  4~ 
e ~ 3 At  — zcx'^  4“  ^bx'^, 

J'  ~ ‘^ex  — idx'^  -p  5At3, 

&c,  &c, 

where  it  Is  evident  that  the  lavv’-  of  relation  between  d 
and  e,  is  the  fame  as  between  e and /,  each  being  formed 
in  the  fame  manner  from  the  three  terms  which  precede 
it  In  the  Series. 

The  quantities  3^"  — 4-  taken  together  and 

conncdled  by  their  proper  figns,  form  what  l)e  Moivre 
calls  the  index,  or  the  fcale  of  relation ; though 
fometlmes  the  bare  coefficients  3—2  + 5 are  called 
the  fcale  of  relation.  And  the  fcale  of  relation  fiib- 
tradfed  from  unity,  is  called  the  deferential  fcale,  Ou 
the  iubjebt  of  Recurring  Series,  fee  Uc  Moivre’s  Mifcel. 
Analyt.  pa.  27  and  72,  and  his  Doctrine  of  Chances, 
3d  edit.  pa.  220  ; alio  Euler’s  Anaiyf.  Jndnit.  tom.  I, 

''7  5*  . 

Having  given  a recurring  Senes,  with  its  icale  of 
relation,  the  fum  of  the  whole  infinite  Series  will 
alfo  be  given.  For  inllance,  fuppofe  a Seiies 

a + 
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-tr.  ‘-f  kv  4-  4 where  the  relation  between 

•-the  coefficient  of  any  terra  and  the  coefficients  of  any 
two  preceding  terms  may  be  expreffid  by  f ~ g\  that 
is,  e ~ fd  --  gCy  and  d zn  fc  — gb,  &c  ; then  will 
the  furn  of  the  Series,  infinitely  continued,  be 
« + [h  fa)  X 
1 — /v  4 gx^ 

Thus,  for  example,  affiime  2 and  5 for  the  coefficients 
of  the  full  two  terms  of  a recurring  Series  ; and  iup- 
pofe /'and  to  be  refpedf  Ively  2 and  i;  tlien  tlie  re- 
curring Series  will  be 

2 4 jA’  4 4 4 14  4 

, 2 4"  ^ A*  ““  4^^  ^ 4 A"  -p  , 

and  Its  fum  = = —•  cor  the 

I — 2A  4 A-.v  (i  — x)^ 

proof  of  which  divide  2 4 •a- by  ( i — and  there 
arifes  the  fald  Series  2 4 4 4 i And 

fimllar  rules  might  be  derived  for  more  complex  cafes. 

De  Molvre’s  general  rule  is  this  : i.  Take  as  many 
terms  of  the  Scries  as  there  are  parts  In  the  fcale  of  re- 
lation. 2.  Subtiadl  the  fcale  of  relation  from  unity,  and 
the  Remainder  is  the  differential  fcale.  3.  hlultiply  the 
terms  taken  In  the  Series  by  the  differential  Icale,  begin- 
ning at  unity,  and  fo  proceeding  orderly,  remembering 
to  leave  out  what  wouid  naturally  be  extended  beyond 
the  laft  of  the  terms  taken.  Then  will  the  produd  be 
the  numerator,  and  the  differential  fcale  will  be  the  de- 
nominator of  the  fradion  expreffing  the  fum  required. 

But  it  mud  here  be  oblcrved,  that  when  the  lum  ofa 
recurring  Series  extended  to  irffinity,  is  found  by  De 
Moivre’s  rule,  it  ought  to  be  fuppofed  that  the  Series 
converges  indefinitely,  that  is,  that  the  terms  may  be- 
come lefs  than  any  affigned  quantity.  For  if  the  Series 
diverge,  that  Is,  if  its  terms  continually  increafe,  the 
rule  does  not  give  the  true  fum.  For  the  fum  in  fuch 
cafe  Is  Infinite,''  or  greater  than  any  given  quantity, 
whereas  the  fum  exhibited  by  the  rule,  will  often  be 
finite.  The  rule  therefore  in  this  cafe  only  gives  a frac- 
tion expreffing  the  ladix  of  the  Series,  by  the  expanlion 

of  which  the  Series  Is  produced.  Thus  — by  cx- 

‘ ( i — 

panfion  becomes  the  recurring  Series  1 42^4  3a-^ 
&c,  whofe  fcale  of  relation  is  2 --  i,  and  its  fum  by  the 

rtf  4 bx  — fax  I 4 2a  — 2.r  I 

rule  will  be ; — ; = — ; — — — > 

I — Jx  4 g'^-^  ^ 4 A' A . ( I — x) 

the  quantity  from  which  tlie  Series  arofe.  But  this 
quantity  cannot  in  all  cafes  be  deemed  equal  to  the  Infi- 
nite Series  1 4 2^  4 3^^  &c  : for  hop  where  you 
will,  there  will  always  want  a fupplement  to  make  the 
produd  of  the  quotient  by  the  divifor  equal  to  the  di- 
vidend. Indeed  when  the  Series  converges  Infinitelv, 
the  fupplement,  dimlnifliing  coiitinnally,  becomes  lefs 
than  any  affigned  quantity,  or  equal  to  nothing;  but  In 
a diverging  Series,  this  fupplement  becomes  infinitely 
great,  and  the  Series  deviates  indefinitely  from  the 
truth.  See  Colfoids  Comment  on  Newton’s  Method  of 
Fluxions  and  Infinite  Series,  pa.  152  ; Stirling’s  Me- 
thod. Differ.  pa.  36;  Bernoulli  deSeiieb.  Infin.  pa. 
249  ; and  Cramer’s  Analyle  des  Lignes  Courbes, 
pa,  174. 

A recurring  Series  being  given,  the  fum  of  any 
VoL.  II. 


finite  number  of  the  terms  of  that  Series  may  be  found. 
This  is  prob.  3,  pa.  73,  De  Moivre’s  Mllceh  Ana  yt. 
ancLpiob.  3,  pa,  223  of  Ins  Dodnne  ot  Chances,  d ne 
loliitlon  IS  effeded,  by  taking  the  difference  between  the 
furas  of  two  Infinite  Series,  differing  by  the  terms  an- 
fwering  to  the  given  number  ; vi7,  from  the  fum  of  che 
whole  infinite  Series,  commencing  from  the  beginning, 
fubtrad  the  fum  of  another  infinite  number  of  teims 
of  the  fame  Series,  commencing  after  fo  many  of  the 
firfl  terms  whofe  fum.  is  lequired;  and  the  diffeience 
will  evidently  be.  the  fum  of  that  number  of  terms  of  the 
Series.  For  example,  to  find  the  1 im  of  71  terms  of 
the  infinite  geon'iCtrical  Series  a 4 ^a’  4 _4 

Here  are  two  infinite  Series  ; the  one  begi  nning  with  a, 
and  tire  other  with  ax^,  which  is  the  next  term  after 
the  firlt  n teims  of  the  original  Series.  By  the  rule, 

the  fum  of  the  firfl  infinite  progreffion  will  b 


1 — A" 


and  the  fum  of  the  fecond 


1 . — . X 


the  difference  of 


which  is 


a 


ax' 


X 


wdilch  is.  therefore  the  fum  of  the 


firfl  n terms  of  the  Series.  f his  quantity 


a 


— ax^ 


A‘ 


is  equal,  to 


ax' 


a 


X 


which  lafl  expreffion,  putting 


« — I 


lx  a 

ax  z=  /,  will  be  equivalent  to  this,  - — — — , 

which  is  the  common  rule  for  finding  the  fum  of 
any  geometric  progreffion,  having  given  the  firfl  term 
the  lall  term  /,  and  the  ratio  .v.  Sec  Miicel.  Ana- 
lyt.  pa.  167,  168. 

In  a recurring  Senes,  any  term  may  be  obtained 
whofe  place  is  affigned.  For  after  having  taken  h) 
many  terms  of  the  Senes  as  there  are  terms  in 
the  fcale  of  relation,  the  Series  may  be  protraded 
till  it  reach  the  place  affigned.  ^ But  when  that 
place  is  veiy  diflant  from  the  beginning  of  the  Se- 
ries, the  continuing  the  terms  is  very  laborious  ; and 
therefore  other  nietliods  have  been  contrived.  See 
Mifceh  Axnalyt.  pa.  33  ; and  Dodrlne  of  Chances, 

pa.  224.  . 

Thefe  qiicflions  have  been  lefolved  in  many  cafes, 
befides  thole  of  recurniig  Senes.  But  as  theie  is  no 
nniverfal  method  for  the  quadrature  of  curves,  neitbei 
is  there  one  for  the  fummation  of  Senes  ; indeed  theie 
is  a great  analogy  between  thefe  things,  and  fmiilai  dif- 
ficulties arifing  111  both.  See  tlie  authors  above  cited. 
The  invefligation  of  Daniel  Bernoulli  s method  foi 
finding  the  roots  of  algebraic  equations,  which  Is  in* 
ferted  in  the  Peterffiiirgh  Ads,  tom.  3,  pa. ^92,  de- 
pends upon  the  dotlrlne  of  recurring  Series.  See  Eu- 
ler’s Analvfis  Infiuitonim,  tom  I,  pa.  276. 

Krxucrfion  of  Series.  See  Reversion  of  Series. 
Suiaenable  Series,  is  one  whofe  fum  can  be  accu- 


I i 

rately  found.  Such  is  the  Series  ” + ” + g 


&c. 


the  fum  of  which  is  faid  to  be  unity,  or,  to  fpeak 
more  accurately,  the  limit  of  Its  fum  is  unity  or  i.  ^ 
An  indefinite  number  of  fummable  infinite  Senes 
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maybe  aligned  : fuch  are,  for  inflance,  all  in  finite  re- 
curring converging  Series,  and  many  others,  for  which, 
confuU  Dc  Moivre,  llernoiilli,  Stirling,  Euler,  and 
Maclaurin  ; viz,  Mtfcel.  Anaiyt.  pa.  i lo  ; De-  Serieb. 
Infinit.  pafiim  ; Method.  Different,  pa,  34  ; Acta  Pe- 
trop.  paffim  ; Fluxions,  art.  3';o.  ' 

The  obtaining  the  fums  of  infinite  Seriefes  of  frac- 
tions has  been  one  of  the  principal  objects  of  the  mo- 
dern method  of  computation  ; and  thele  fums 
may  often  be  found,  and  often  not.  Thus  the  fums 
■of  the  two  followiiig  Series  of  geometrical  progref- 

fionals  are  eafily  found  to  be  i and 


VIZ, 


and 


4“ 


I 

4 
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— 1-.  — 
^8 


— - Sec, 
16 


-f  -f 
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I 
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I 

81 


But  the  Seriefes  offradfions  that  occur  in  the  folution 
of  problems,  can  feldom  be.  reduced  to  geometric  pro- 
greffions  ; nor  can  any  general  rule,  in  cafes  lo  infi- 

• . 1 • 1 • ...  1 « • , \ 


nitely  various,  be  given.  The  art  here,  as  in  molt 
other  cafes,  is  only  to  be  acquired  by  examples,  and  by 
a careful  obfervation  of  the  arts  ufed  by  g’reat  authors 
in  the  invelligatiun  of  fuch  Series  of  fractions  as  they 
have  confidered.  And  the  general  methods  of  inlinite 
Series,  v/hich  have  been  carried  fo  far  by  De  Moivre, 
Stirling,  Euler,  &c,  are  often  found  neceffary  to  deter- 
mine the  fum  of  a very  fimple  Series  of  fradlions.  See 
the  quotations  above. 

The  fum  of  a Series  of  fradllons,  though  decree fmg 
continually,  is  not  always  finite.  This  is  the  cafe  of 


the  Series 


d &:c,  which  is  the 


Till 
■—  -f  — 4"  - — I — 

^ 3 4 5^ 

harmonic  Series,  con  lifting  of  the  reciprocals  of  aritli- 
meticals,  the  fum  of  winch  exceeds  any  given  number 
whatever  ; and  this  is  fhewn  from  the  analogy  between 
this  progreihon  and  the  fpace  comprehended  by  the 
common  hyperbola  and  its  afymptote  ; though  tire 
fame  may  be  fhewn  alio  from  the  nature  of  progref- 
fions.  See  James  Bernoulli,  de  Serlebus  Iniiri,  But, 
what  iS  curious,  the  fquare  of  it  is  finite,  fem  if  the 

fame  terms  of  the  harmonic  Series,  - + — -L-  See.  be 

1 2*3 

^ I 

fquared,  forming  the  Scries  - -f \ Sec, 
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being  the  reciprocals  of  the  fquares  of  the  natural  Series 
of  numbers  j the  fum  of  this  Series  of  fradfions  will  not 
only  be  limited,  but  it  is  remarkable  tliat  this  fum  will 
be  precifely  equal  to  the  6th  part  of  the  number  whieh 
expreffes  the  ratio  of  the  fquare  of  the  circumference  of 
a circle  to  the  fquare  of  its  diameter.  That  Is,  if  c 
denote  3*M*^59  ratio  of  the  circumference  to 


4. 


T 

rp,  . ^ • 4 9 

This  property  w^as  firft  difeovered  by  Euler;  and 


the  diameter,  then  is  — 


See. 


I 

-f-  — p 

4 


1 I 

16  ^ 25 


his  inveftigation  may  be  feen  in  the  Aaa  Petrop, 
'is'oL  y.  And  Maclaurin  has  fince  obferved,  that  this  may 
calily  be  deduced  from  his  Fluxions,  art.  822.  Philo f. 
Traiif.  numb.  469. 


It  would  require  a whole  treatife.  to  enumerate  the 
various  kinds  ot  Series  of  fradlions  wdiich  may  or  may 
not  be  fumrned.  Sometimes  the  fum  cannot  be  af- 
figned,  either  becaule  it  is  inlinite,  as  in  the  harmonic 


Series 


1 

2 


4- 


O 

a 


4-  — &c,  or  although  its  fum. 


be  finite  ^as  211  tlie  Series  — 4“  4”  — ■ &cE  vet  its 

I 4 9 

fum  cannot  be  afligned  in  finite  terms,  or  by  the  qua- 
drature  ot  the  circle  or  hyperbola,  which  was  the  cafe 
of  this  Series  before  Enler^s  difeovery  ; but  yet  the 
fum  or  any  given  number  of  the  terms  of  the  Series  may 
be  ex peditiouiiy  found,  and  the  whole  fum  may  be  af- 
figned  by  approximation,  independent  of  the  circle.  See 
Stirling's  Method.  Different/aiid  De  Moivre’s  MifceL 
Analvt. 

j 

Befides  the  Seriefes  of  fradfions,  the  fums  of  which 
converge  to  a certain  quantity,  there  fometimes  occur 
others,  wdiich  converge  by  a continued  multiplication. 
Of  this  kind  is  toe  Series  found  by  Wallis,  for  the  qua- 
drature of  the  circle,  which  he  expreffes  thus, 

□ 3x3x5  xixyxyx  9 x 9 x S:c 

2 X 4 X 4 X 6 X 6 X 8 X 8 X 10  X &:c^ 

w'herc  the  charadlcr  □ denotes  the  ratio  of  the  fquare 
of  the  diameter  to  the  area  of  the  circle.  Hence  the 
denominator  of  this  fradfioii,  is  to  its  numerator,  both 
infinitely  continued,  as  the  circle  is  to  the  fquare  of  the 
diameter.  It  may  farther  be  obferved  that  this  Series 
Is  equivalent  to 

49 

X -4 — X 


1 

8 


X 


X 


24 


X &:c,  or  to 


X 


48  3^-1  5-— I 

&c,  that  is,  the  prodiiA  of  the  fquares  of  all  the  odd 
numbers  3,  5,  7,  9,  &c,  is  to  the  produA  ofthe  fame- 
fquares  feveraliy  dimisiflicd  by  uni as  the  fquare  of 
the  diameter  is  to  the  area  of  the  circle.  See  Arithmet. 
Infiiiit.  prop.  191,  Oper.  vcl.  i,  pa.  469.  Id.  Oper., 
vol.  2,  pa,.  Sig,  And  the fe  pvodudfs  of  fradfions, 
and  the  like'  quantities  arifing  from  the  continued 
mulliplication  of  certain  fadfors,  have  been  parti- 
cularly confidered  by  Euler,  in  hi.s.,  Analyfis  Infinite, 
vol.  I,  chap.  15,  pa.33K 

For  a;n  eafy  and  general  method  of  funiming  all 
■alternate  Series,  fuch  as^?— 3 4-  c — d &c,  fee  my 
Tradls,  vol.  i,  pa.  11 
be  fecii  many  other 


; and  in  the  lame  voi,  may- 
curious  trads  on  infinite  Se« 


ries. 


Summattm  of  In^nite  Se  r ies,  is  the  finding  the  value' 
of  them,  or  the  radix  from  wTich  they  may  be  railed.. 
For  which,  confult  all  the  authors  upon  this  fcience. 

* Fo  find  an  infinite  Series  by  extradfing  of  roots  5. 
and  to  find  an  infinite  Series  by  a prefuppofed  Series 
fee  Qjuadrature  of  the  Circle. 

To  extradl  the  roots  of  an  infinite  Series,  fee  Ex«- 
TRACTION  of  Roots. 

Po  raife  an  infinite  Series  to  any  pow^'er,  fee  In.vo«^ 
LUTiON,  and  Pow'er. 

^ranfcendefdal  Series.  See  Transcendental. 

There  are  many  otlier  important  writings  upon  the 
fubjedl  of  Infinite  Series,  befides  thofe  abm^e  quotedc 
A very  good  elementary  tradf  011  this  fcience  is  that  of 
James  Bernoulli^  intituled,  f ratiuius  de  Serlebus 
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SEX 


’th,  and  annexed  to  liis  Jn  Conjeffafidl,  publiflicd  in 
4^0,  1713. 

SERPENS,  in  Aftronomy,  a conftellation  in  the 
northern  hemifphere,  being  one  of  the  48  old  con- 
Eellations- mentioned  by  all  the  Ancients,  and  is  called 
more  particularly  Serpens  Ophiuch;^  being  grained  in 
‘the  hands  of  the  conileilation  Ophiuchus.  T'he  Greeks, 
in  their  fables,  have  afci  ibed  it  fometimes  to  one  of 
Triptolemiis’s  dragons,  killed  by  Carnabos  ; and  fome- 
times to  the  ferpent  of  the  river  Segaris,  dtllroyed  by 
Hercules.  This  is  by  fome  fuppofed  to  be  tlie  fame  as 
the  author  of  the  book  of  Job  cads  the  Crooked  Ser- 
pent ; but  this  expreflicn  more  probably  meant  tlie  eon- 
ilcllation  Draco,  near  the  north  pole. 

The  Ears  in  the  conlkdlation  Serpens,  in  Piolomv’s 
catalogue  are  i8,g'n  Tycho’s  13,  in  Hevelius’s  22, 
and  in  tire  Rntaiinic  catalogue  64. 

SERPENTARIUS,  a conileilation  of  the  northern 
hemilphere,  being  one  of  the  48  old  coiidellations  men- 
tioned by  all  the  Ancients,  h !s  called  alio  Ophiuchus, 
and  anciently  iEfculapius.  it  is  in  the  figure  of  a man 
grafping  the  lerpent. 

Tf  e G-reeks  had  different  fables  about  this,  and  other 
conlteliations,  becaufe  they  were  ignorant  of  the  true 
meaning  of  them.  vSome  of  them  fay,  it  roprefents 
C arnabes,  who  killed  one  of  the  dragons  of  d’ripto- 
lemus.  Others  fay,  it  was  Hercules,  killing  the  ler- 
pent at  the  river  Segaris,  And  others  again  fav,  it 
reprefents  the  celebrated  pliyfircian  Ailculapius,  to  de- 
note his  flviil  in  medicine  to  cure  the  bile  of  the  ferpent. 

The  (tars  in  the  conflellation  Serpentarius,  in  Ftolo- 
my"s  catalogue  are  29,  in  Tycho’s  i,-,  in  Hevelius’s 
40,  and  in  the  Britannic  catalogue  they  are  \ 
SEPvPENTlNE  y^Ine,  the  fame  witli  ipiral. 

SEdCHU,  an  exprefiion  of  a certain  ratio,  viz,  the 
fecond  ratio  of  inequality,  called  diiofuperpartienlar  ra- 
tio ; being  that  in  which  the  greater  term  contains  the 
lefs  once,  and  fome  certain  part  over  ; as  3 to  2,  where 
the  firft  term  contains  the  fecond  once,  and  unity  over, 
vhich  IS  a qtiota  part  of  2.  INow  if  this  part  lemaiii- 
ing  be  juft  half  the  lefs  term,  the  ratio  is  called  J'tfqui- 
ahera  ; if  the  remaining  part  be  a 3d  part  of  the  lefs 
term,  as  4 to  3,  the  ratio  is  called  fefquitcrtia , or  fef- 
quiterza  ; if  a 4th  part,  as  5 to  4,  the  ratio  is  called 
jejqui(puaria ; and  fo  on  continually,  ftill  adding  to 
btiqui  the  ordinal  number  of  thehnaller  term. 

In  Englifh  we  fometimes  fay,  Jefqmalteral^  or  fef- 
quialierate,  fejquithird,  fefquifourtk,  &:c. 

As  to  the  kinds  of  triples  expiefted  by  the  particle 
Jejqui^  thev  are  tbefe  ; 

SESQUI AE  1 ER  ATE,  the  greater  perfeB^  which 
is  a triple,  where  the  breve  is  three  mealures,  or  femi- 
breves. 

SESQyjiALTERATE,  imperfect,  which  is  where 

the  breve,  when  pointed,  contains  three  meafures,  and 
Muthout  any  point,  two. 

bESQUi  ALT E RATE,  lejs  imperfect,  a triple,  where  the 
femibreve  with  a point  contains  three  meafures,  and  two 
without, 

Eesquialterate,  in  Arithmetic  and  Geometry,  is 
a ratio  between  two  numbers,  or  lines,  &:c,  where  the  ’ 
greater  is  equal  to  once  and  a half  of  the  lefs.  Thus  6 
and  9 are  in  a Sefquialterate  ratio,  as  alfo  20  and  30. 
SESQUIDITONE,  in  Mulic,  a concord  refulting 


from  the  founds  of  two  ft  rings  whofe  vibrations,  in 
equ?.I  times,  are  to  each  other  in  the  ratio  of  c to  6, 
SEdQLUDUPLlCA  PE  Ratio,  is  that  in  which,  the 
greater  term  contains  the  Ids,  twice  and  a half;  as 
the  ratio  of  15  to  6,  or  90  to  20. 

SESQUlQUADRAd'E,  an  afped  or  pofition  of 
tlie  planets,  when  they  are  diftant  by  4 figns  and  a 
half,  or  I degrees. 

SESQUIQUINTILE,  (s  an  afped  of  the  planets 
when  they  are  dlllant  y of  the  circle  and  a half,  or  10!^ 
degrees, 

0LSQJ.JI  PERTIONAE  Proportion,  is  that  in 
wTidi  the  greater  term  contains  the  Ids  once  and  one 
third  ; as  4 to  3,  or  1 2 to  9. 

bE  i TING,  in  Aftronorny,  the  v/itridrawino-  of  a 
ftar  or  planet,  or  Its  finking  below  the  horizon. 

Aftionorr:ers  and  poets  count  three  diherent  kinds  of 
Setting  of  the  ftars,  viz,  Ackronical,  Cosmical, 
and  Heliacal.  See  theic  terms  refpedively. 

Setting,  In  Navigation,  Surveying,  &c,  denotes  the 
obfevving  the  bearing  or  ftuatioi/  of' any  diftant  «b- 
jed  by  the  compals,  &c,  to  difeover  the  angle  it  makes 
with  the  neareft  meridian,  or  with  fome  other  line.  Sec 
Bearing, 

Thus,  to  fet  the  land,  or  the  fun,  by  the  cempafs,  is 
to  obitrve  liow  the  land  bears  on  any  point  ui  the  com- 
pafs,  or  on  what  point  of  thecompafs  the  fun  is.  Alfo, 
when  tw'o  (hips  come  in  fglit  of  each  other,  to  mark 
on  what  point  the  chace  oears,  is  termed  Setting  the 
chace  by  the  conipafs. 

Setting  alio  denotes  the  diredion  of  the  wind, 
current,  or  lea,  particularly  of  tl-e  two  latter. 

SEVEN  Stars,  a common  denomination  given  to  the 
cluftcr  of  ftars  In  tlie  neck  of  tlie  lign  Taurus,  tlie  bull, 
properly  called  tiie  pleiades.  They  are  fo  called  from’ 
their  number  Seven  which  appear  to  the  naked  eye, 
thougli  fome  eyes  can  ulfcovcr  only  6 of  them  ; but 
by  the  help  of  teld'copes  there  appears  to  be  a great 
multitude  of  them. 

SEVENTH,  Septhna,  an  interval  in  Mufic,  called 
by  the  Greeks  heptachordon. 

SEXAGENARY,  fomething  relating  to  the  num- 
ber 60.  • b 

Sexagenary  Arithmetic.  See  Sexagesimal. 
Sexagenary  PaLies,  are  tables  of  proportional 
parts,  ftiewing  the  prodndt  of  tw^o  Sexagenaries  that 
are  to  be  multiplied,  or  the  quotient  of  iwo  that  are 
to  be  divided. 

SEX  AGESIivlA,  the  eigl.th  Sunday  before  Eafter; 
being  fo  called  becaufe  near  60  days  before  it. 

SEX AGESIIMAI.,  or  Sexagenary  Arithmetic,  a 
method  of  computation  proceeding  by  6cths.  Such  is 
that  ufed  in  the  divifion  of  a degree  into  60  minutes, 
of  the  minute  into  60  fcconds,  of  the  fecond  into  60 
thirds,  Sec. 

SEXx\GESTiMA.LS,  cr  Sexagesimal  FraBlons, 
are  fradions  wdiofc  denominators  proceed  in  a fexagecu- 
ple  ratio  ; that  is,  a prime,  or  the  firft  minute  = g-L, 
a fecond  — ^ thud  — 

Anciently  there  were  no  other  than  Sexagefimals 
nfed  in  aftronornical  operations,  for  wdiich  realon  they 
are  fometimes  called  ajlronomlcal fractions,  and  they  are 
ftill  ictaincd  in  many  calcs,  as  111  the  divilions  of  time 
and  of  a circle  ; but  decimal  arithmetic  is  now  much 
3^2  •'  ufed 
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iifed  in  tlie  calculations.  Sexagefimals  were  probably 
firll  ufed  for  the  divifions  of  a circle,  360,  or  6 times 
60  making  up  the  whole  circumference,  on  account 
that  360  days  made  up  the  year  of  the  Ancients,  m 
which  time  the  fun  was  luppofed  to  complete  his  courie 

in  the  circle  of  the  ecliptic.  ^ i r 

In  thefe  fraftions,  the  denominator  being  always  bo, 
or  a multiple  of  it,  it  is  ufually  omitted,  and  tne  nu 
merator  only  written  down  : thus,  3°  45  ^4^^  4^^ 

&c,  is  to  be  read,  3 degrees,  45  minutes,  24  feconds, 

40  thirds,  &c.  . 

SEXANGLE,  in  Geometry,  a figure  having  6 an- 

gles,  a.nd  confeqiiently  6 fides  alio. 

SEXTANS,  a fixthpait  of  certain  things* 

The  Romans  divided  their  as-,  which  was  a pound 
of  brafs,  into  12  ounces,  called  ‘tvomunum;  and 

the  c[iiantity’'  of  2 ounces  was  called  jextausy  as  being 

the  6th  part  of  the  pound.  ^ , 

Sextans  was  alfo  a meafure,  which  contained. 

2 ounces  of  liquor,  or  2 cyathi. 

Sextans,  the  Sextant,  in  Aftronomy,  a new 
comlellation,  placed  acrofs  the  equator,  but  on  the 
ibuth  fide  of  the  ecliptic,  and  by  Hevelius  made  up  of 
fome  unformed  Ears,  or  fuch  as  were  not  included  in 
any  of  the  48  old  conftellations.  In  Hevelius  s Ccita- 
lotjue  it  contains  11  Ears,  but  in  the  Britannic  cata* 

O 

logue4t.  ' ... 

SEXTANT,  denotes  the  6th  part  of  a circle,  or  an 

arch  containing  60  degrees. 

Sextant  is  more  particularly  ufed  for  sn  ciftronomi*- 
cal  inErument.  It  is  made  like  a quadrant,  excepting 
that  its  limb  only  contains  60  degrees.  Its  ufe  and  ap- 
plication are  the  fame  with  thofe  of  the  Qjuadrantj, 
which  fee. 

SEXTARIUS,  an  ancient  Roman  meafure,  con- 
taining 2 cotylx*,  or  2 heminae. 

SEXTILE,  the  afped  or  pofition  of  two  planets^, 
when  they  are  diEant  the  6th  part  of  the  circle, 

2 Egns  or  60  degrees  ; and  it  is  marked  thus  . 

SEXTUPLE,  denotes  6 fold  in  general.  But  in 
mufic  it  denotes  a mixed  fort  of  triple  time,  which  is 
beaten  in  double  time.. 

SHADOW,  Shade,  in  Optics,  a certain  fpace  de- 
prived of  light,  or  where  the  light  is  weakened  by  the 
interpofition  of  fome  opaque  body  before  the  luminary. 

The  dodrine  of  Shadows  makes  a confiderablc  article 
in  optics,  aEronomy,  and  geography  p and  is  the  ge- 
neral foundation  of  dialling.. 

As  nothing  is  feen  but  by  light,  a mere  Eiadow  is. 
invlfible ; and  therefore  when  we  fay  we  fee  a fiiadow,  we 
mean,  partly  that  we  fee  bodies  placed  in  the  Shadow, 
and  illuminated  by  light  refleded  from  collateral  bo- 
i es,  and  partly  that  we  fee  the  confines  of  the  light. 

When  the  opaque  body,  that  projeds  the  Shadow, 
is  perpendicular  to  the  horizon,  and  the  plane  it  ispio- 
jeded  on  is  horizontal,  the  Shadow  is  called  a right 
one  : fuch  as  the  Shadows  of  men,  trees,  buildings, 
mountains,  &c.  But  when  the  body  is  placed  parallel 
'to  the  horizon,  it  is  called  a verfed  Shadow  as  the  arms 
of  a man  when  Eretched  out,  &c. 

Laws  of  the  ProjeBioti  oj  Shadows, 

I,  Every  opa.que  body  projeds  a Shadow,  in  the 


fame  diredion  with  the  rays  of  Hgbt  ; that  is,  towards^  | 
the  part  oppofite  to  the  light.  Hence,  as  either  the  | 
luminary  or  the  body  changes  place,  the  Shadow-  >* 
likewife  changes  its  place.. 

2.  Every  opaque  body  projeds  as  many  Shadows  as.;  ^ 

there  are  luminaries  to  enlighten  it.^ 

t A.S  tliC  lip'lit  of  the  liiminsry  is  more  intdifc^  thc' 
Eiadow  is  the  deeper.  Hence,  the  intenEty  of  the  Sha-.. 
dow  is  meafured  by  the  degrees  of  light  that  fpace  is. 
deprived  of.  In  reality,  the  Shadow  itfelf  is  .not  deeper  j, 
but  it  appears  fo,  becaufe  the  furrounding  bodies  are 
more  intenfely  illuminated. 

4,  When  tlie  luminous  body  and  opaque  one  arc  i 
equal,  the  Shadow  is  always  of  the  fame  bieadtli  w ith.;  »; 
the  opa.que  body.  But  when  the  luminous  body  is  the-  ^ 

larger,  the  Shadow  grows  always- lefs  and^lefs,.  the  fai^  ' 

ther  from  the  body.  And  when  the  luminous  body  is 
the  fmallsr  of  the  two,  the  Shadow  increafes  always  the  • t 
wider,  the  farther  from  the  body.  Hence,  the  Shadow  f 
of  an  opaque  globe  is,  in  the  firE  cafe  a cylindei,  in-  i 

the  fecond  cafe  it=  is  a cone  verging.to  a point,  and  m.  ^ 

the  third  cafe  a truncated  cone  that  enlarges  Eill  the^  > 

more  tlic  farther  from  the  body  Alfo,  111  all  thefe-  4^ 

cafes,  a tranlverle  Sedlion  of  the  Shadow,, by  a plane^^  t 

is  a circle,  refpedllvely,  in  the  three  cafes,  equal,  lefs,.  a 

or  greater  than  a great  circle  of  the  globe,..  ^ t 

y.  To  find  the  length  of  the  Shadow, , or  the  axis  oF  j 

the  Eiady  cone,  projedfed  by  a fphere,  when  it  is  EE^**  j 

minated  by  a larger  one  ; the  aiameters  and  diEance  ot>  b 

the  t.wo  fpheres  be^^ng  known*.  Let  C and.D  be  th®,. 


eentres  of  the  two  fpheres,  GA  the  femidiameter  of  the;  || 
larger,  and  DB  that  of  the  fmaller,  both  perpendicu-  | 
lar^to  the  fide  of  the  conical  Shadow  BEF,  whofe  i 
axis  is  DE,  continued  to  G ; and  draw  BG  parallel  to 
the  fame  axis.  Then,  the  two  triangles  AGB  and-  | 
BDE  being  fimllar,  it  will  be  AG  : GB  or  CD  : 

BD  : DE,  that  is,  as  the  difference  of  the  femidiame-  ; 
ters  is  to  the  dlEance  of  the  centres,  fo  is  the  femi-  J 
diameter  of  the  opaque  fphere  to  the  axis  of  the  Sha-  1 

dow,  or  the  diEance  of  its  vertex  from  the  faid  opaque  4 

fphere.  i 

Ex.,  gr.  If  BD  ~ I be  the  femidiameter  of  the 

earth,  and  AC  = loi  the  mean  femidiameter  of  the  ' 

fun,  alfo  their  diEance  CD  or  GB  = 24000  ; then  as 
100  ; 24000  ; : I *.  240  = DE,  which  is  the  mean 
height  of  the  earth’s-  Shadow,  in  femidiameters  of  the  ■ 

bafe.  - . o j 

6.  To  find  the  length  of  the  Eiadow  AG  projected 

by  an  opaque  body  AB  ;■  having  given  the  altitude  ot- 
the  luminary,  for  ex,  of  the  fun,  above  the  horizon,  viz, - 
the  angle  C,  and  the  height  of  the  objedt  AB.  Here 
the  proportion  is,  as  tang.  Z.  C : radius  : : AB  ; AC. 

Or,  if  the  length  of  the  Shadow  AC  be  given,  to. 
find  the  height  AB,  it  will  be, 

as  radius  r tang.  Z.C  ; ; AC  ; AB. 

Orjy 
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Of,-  ifthe  length  of  the  Shadow  AC,  and  of  the 
ohjed  A'B,  be  given,  to  find  the  fun’s  altitude  above 
the  horizon,  or  the  angle  at  C.  It  will  be, 
as  AC  : AB.;  ; radius  : tang.  C fought. 


7;  To  meafure  the  height  of  any  objed,  ex.  gr.  a 
tower  AB,  by  means  of  its  fiiadow  projedled  on  an  ho- 
' rizontal  plane. — At  the  extremity  of  the  fhadovv,  at  C, 
ered  a Hick  or  pole  CD,  and  meafure  the  length  of  its 
fhadow  CE  ; alio  meafure  the  length  of  the  Shadow  AC 
of  the  tower.  Then,  by  fimilar  triangles,  it  will  be,  as 
EC:  CD  CA:  AB.  So  if  EC  mo  feet,CD  = 6feet, 

andCA  = 9S  feet; then  as  10  :.6  ::  95  : 57  feet  = AS, 
the  height  of  the  tower  fought. 

Shadow,  in  Geography.  The  inhabitants  of  the 
earth  are  divided,  with  refped  to  their  fii'adows,  into 
Ascii,  Amphiscii,  Het-eroscii,,  and  Periscii. 
See  thefe  terms  in  their  places. 

.Shadow,  in  Perfpediye,  is  of  great  ufe  in  this-art. 
—Having  given  the  appearance  of  an  opaque  body, 
and  aluminous  one,  whofe  rays  diverge,  as  a candle, 
or  lamp,  &c  ; to  find  the  juft  appearance  of  the  Sha- 
dow, according  to  the  laws  of  perfpedive.  The  me« 
thod  is  this  ; From  the  luminous  body,  which  is  here 
confidered  as  a point,  let  fall  a perpendicular  to  the 
perfpedive  plane  or  table  ; and  from  the  feveral  angles, 
or  raifed  points  of  the  body,  let  fall  perpendiculars  to 
the  fame  plane  ; then  conned  the  points  on  which  thefe 
latter  perpendiculars  fall,  by  right  lines,  with  the  point* 
on  which  the  firfl  falls  ; continuing  thefe  lines  beyond 
the  fide  oppofite  to  the  luminary,  till  they  meet  with, 
as  many  other  lines  drawn  from  the  centre  of  the  lumi- 
nary through  the  fald  angles  or  raifed  points  ; fo  lhall 
the  points  of  Interfedlon  of  thefe, lines  be  the  extremes 
oi-  bounds  of  the  Shadow. . 


For  Example,  to  projed  the  appearance  of  the 
Shadow  of  aprifin  ABCDEF,  fcenographitally  ddi- 


neated.  Here  M is  the  place  of'the  perpendicular  of 
the  light  L,  and  D,  E,  F thofe  of  the  raifed  points 
A,  B,  C,  of  the  prifm  ; therefore',  draw  MEH,  MDG, 
&c,  and  LBH,  LAG,  &c,  which  will  give  DEGH 
&.C  for  the  appearance  of  the  Shadow. 

As  for  thofe  Shadows  that  are  intercepted  by  other 
objeds,  It  may  be  obferved,  that  when  the  Shadow  of 
a line  falls  upon  any  objed,  it  mull  neceffarily  take  the 
form  of  that  objed.  If  it  fall  upon  another  plane,  it 
will  be  a right  line  ; If  upon  a globe,  It  will  be  circu- 
lai*  ; and  if  upon  a cylinder  or  cone,  it  will  be  circular, 
or  oval,  &c.  If  the  body  Intercepting  it  be  a plane, 
whatever  be  the  fituation  of  It,  the  flaadow  falling 
upon  it  might  be  found  by  producing  that  plane  till  it 
Intercepted  the  perpendicular  let  fall  upon  It  from  the  lu- 
minous body  ; for  then  a line  drawn  from  that  point* 
would  determine  the  Shadow,  jull'as  if  no  other  plane 
had  been  concerned.  But  the  appearance  of  all  thefe 
Shadows  may  he  drawn  with  lefs  trouble,  by  firll  draw- 
ing it  through  thefe  Intercepted  objeds,  as  if  they 
had  not  been  in  the  way,  and  then  making  the  Sha- 
dow to  afeend  perpendicularly  up  every  perpendicular 
plane,  and  obliquely  on  thofe  that  are  fituated  ob- 
liquely, in  the  manner  deferibed  by  Dr;.PrIellley,  In  his- 
Perfpedive,  pa.  73  &c.-  - 

Elere  we  may  obferve  In  general,  that  fince  the  Sha- 
dows of  all  objeds  which  are  call  upon  the  ground, 
will  vanllh  Into  the  horizontal  line  ; fo;  for  the  fame 
reafon,  the  vanilhing  points  of  all  Shadows,  which  are 
call  upon  any  inclined  or  other  plane,  will  be  fome- 
where  In  the  vanilhing  line  of  that  plane. 

When  objeds  are  not  fuppofed  to  be  viewed  by  the 
light  of  the  fun,  or  of  a candle,  &c,  but  only  In  the 
light  of  a cloudy  day,  or  in  a room  into*  which  the  fun 
does  not  flilne,  there  is  no  fenfible  Shadow  of  the  upper 
part  of  the  objed,  and  the  lower  part  only  makes  the 
neighbouring  parts  of  the  ground,  on  which  it  Hands, 
a little  darker  than  the  veil.  This  imperfed  obfeure 
kind  of  Shadow  is  eafily  made,  being  nothing  more 
than  a fliade  on  the  ground,  oppolite  to  the  fide  on 
which  the  light  comes  ; and  it  may  be  continued  to  a 
greater  or  lefs  dIHance,  according  to  the  fuppofed 
brightnefs  of  the  liglit  by  which  it  is  made.  It  is  In 
this  manner  (in  order  to  fave  trouble,  and  fometimes  to 
prevent  confufion)'  that  the  Shadows  In  moft  drawings 
are  made.  On  this  fubjed,  fee  PrleHley’s  Perfped. 
above  quoted  ; alfo  Kirby’s  Perfp.  book  2,  ch.  4. 

SHAFT  of  a Column^  in  Building,  is  the  body  of 
it ; thus  called  from  its  ilraightnefs-:  but  by  arehiteds 
more  commonly  the  FiiH^- 

Sh  aft  is  alto  ufed  for  the  fpire  of  a church  Heeple  ; 
and  for  the  iBank  or  tunnel  of  a chimney. 

SHARP  (Abraham),  an  eminent  mathematician, 
mechanlH,  and  aHronomer,  was  defeended  from  an 
ancient  family  at  LIttle-Horton,  near  Bradford,  in 
the  WeH  Riding  of  YorkHiIre,  where  he  was  born 
about  the  year  1651.  At  a proper  age  he  was  put  ap- 
prentice to  a merchant  at  MancheHer ; but  his  genius 
led  him  fo  Hrongly  to  the  Hudy  of  ^mathematics,  both 
theoretical  and  pradical,  that  he  loon  became  uneaiy 
in  that  fituation  of  life.  By  the  mutual  coiifent  there- 
fore of  his  maHer  and  himfelf,  though  not  altogether 
with  that  of  his  father,  he  quitted  the  bulincfs  of  a mer- 
chant. Upon  this  he  removed  to  Liverpool,  where  he 
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bimfeir  up  vvVairv  to  the  fi;u4y  of  mathem^tica, 
allronomy,  Sjc  ; and  where,  for  a fubfiftance,  he  opened 
3.  fcHool,  and  taught  writing  and  accounts,  &c. 

He  had  not  been  long  at  Liverpool  when  he  acciden- 
tally fell  in  company  vdth  a merchant  or  tradclman  vi- 
titing  that' town  from  London,  in  whofe  lioufe  it  feems 
the  adronorncr  Mr.  Flamfleed  then  lodged.  With  the 
view  therefore  of  becoming  acquainted  with  this  emi- 
nent man,  Mr.  Siiarp  engaged  himfelf  with  the  mer- 
chant as  a book-keeper.  In  confeqnence  he  foon  con- 
tradled  an  intimate  acquaintance  and  friendfhip  with 
-Mr.  Fiamlleed,  by  whofe  intereft  and  recommendation 
he  obtained  a more,  prohtable  employment  in  the  dock- 
yard tit  Chatham  ; where  he  continued  till  his  friend 
and  patron,  knowing  his  great  merit  in  aflronomy  and 
Tueel'.anicFs,  called  him  to  his  afiiftance,  in  contriving, 
adapting,  and  fitting  up  the  aftronoraical  apparatus  in 
the  Royal  Obfervatory  at  Greenwich,  which  had  been 
lately  built,  namely  about  the  year  1676;  Mr.  Flam- 
iteed  being  then  30  years  of  age,  and  Mr.  Sliarp  27, 

In  th  is  fituation  he  continued  to  affifl  Mr.  Flamileed 
in  making  obfervatiQns  (with  the  mural  arch,  of  Bo 
inches  radius,  and  140  degrees  on  the  limb,  contrived 
and  graduated' by  Mr.  Sharp)  on  the  meridional  zenith 
dillances  of  the  fixed  fiars,  fun,  moon,  and  pLnets, 
with  the  times  of  their  tranfils  over  the  meridian  ; alfo 
the  diameters  of  the  fun  and  moon,  and  their  eclipfes, 
with  tkofe  of  jiipiterks  fatellites,  the  variation  of  the 
compafs,  &c.  Fie  affiiled  him  alio  in  making  a cata- 
logue of  near  3000  fixed  flars,  as  to  their  longitudes 
and  magnitudes,  their  right  afeenfions  and  polar  dif- 
tances,  with  the  variations  of  the  fame  while  they 
change  their  longitude  by  one  degree. 

But  from  the  fatigue  of  continually  ©bferving  the 
flars  at  night,  in  a cold  thin  air,  joined  to  a weakly 
conftitution,  he  was  reduced  to  a bad  ftate  of  health  ; 
for  the  recovery  of  which  he  defired  leave  to  retire  to 
his  houfe  at  liorton  ; where,  as  foon  as  he  found  him- 
felf  on  the  recovery,  he  began  to  fit  up  an  obfervatory 
©f  his  own  ; having  firfi:  made  an  elegant  and  curious 
engine  for  turning  all  kinds  of  work  in  wood  or  brafs, 
with  a niaundril  for  turning  irregular  figures,  as  ovals, 
rofes,  wreathed  pillars,  &c.  Befide  thefe,  he  made 
himfelf  moll  of  the  tools  ufed  by  joiners,  clockmakers, 
opticians,  mathematical  inftrument-makers,  &c.  The, 
limbs  or  arcs  of  his  large  equatorial  inftrument,  fextant, 
quadrant,  &c,  he  graduated  w^ith  the  niceft  accuracy, 
by  diagonal  divifions  into  degrees  and  minutes.  The 
telefcopes  he  made  ufe  of  were  ail  of  his  own  making, 
and  the  lenfes  ground,  figured,  and  adjulled  with  his 
own  hands. 

It  was  at  this  time  that  he  affiiled  Mr.  Fiamlleed  in 
calculating  moll  of  the  tables  in  the  fecond  volume  of  his 
Iliftoria  CceleJIlt^  as  appears  by  their  letters,  to  be  feen 
in  the  hands  of  Mr.  Sharp’s  friends  at  Horton.  Like- 
wife  the  curious  drawings  of  the  charts  of  all  the  con- 
ftellations  vifible  in  our  hemifphere,  with  the  llill  more 
excellent  drawings  of  the  planifpheres  both  of  the 
northern  and  fouthern  conllellations.  And  though  thefe 
drawings  of  the  conllellations  were  fent  to  be  engraved 
at  Amllerdam  by  a mallerly  liand,  yet  the  originals  far 
exceeded  the  engravings  in  peijit  of  beauty  and  ele- 
gance; thefe  v/ere  publilhed  by  Mr.  Flamileed,  and 
both  copies  may  be  feen  at  Horton. 

:> 
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T’he  mathematiGian  meets  with  fomething  extraordi- 
nary in  Sharp’s  elaborate  treatife  of  Geometry  Improve J 
(in  qto  1717,  figned  A,  S.  Philomath.),  ill,  by  a large 
and  accurate  table  of  fegments  of  circles,  its  conllruc- 
tion  and  various  ufes  in  the  foiution  of  feveral  difficult 
problems,  with  compendious  tables  for  finding  a true 
proportional  part  ; and  their  ufe  in  thefe  or  any  other 
tables  ( Xernplified  in  making  logarithms,  or  their  natu- 
ral numbers,  to  60  places  of  figures  ; there  being  a table 
of  them  for  all  primes  to  i lOO,  true  to  61  figures,  2d, 
His  concife  treatife  of  Polyedra,  or  folid  bodies  of  many 
bafes,  both  the  regular  ones  and  others  ; to  which  are  ad- 
ded twelve  new  ones,  with  various  methods  of  forming 
them,  and  their  exadl  dimenfions  in  furds,  or  fpecies, 
and  in  numbers  : illullrated  with  a variety  of  copper- 
plates, neatly  engraved  by  his  own  hands.  Alfo  the 
models  of  thefe  polyedra  he  cut  out  in  box  wood  with 
amazing  neatnefs  and  accuracy.  Indeed  few  or  none 
of  the  mathematical  inllrument-miakers  could  exceed 
him  in  exaclly  graduating  or  neatly  engraving  any  ma- 
thematical or  agronomical  inllniment,  as  may  be  feen 
in  the  equatorial  inftrument  above  mentioned,  or  in  his 
fextant,  quadrants  and  dials  of  various  Ibrts  ; alfo  in  a 
curious  armillary  fphere,  which,  befide  the  common 
properties,,  has  moveable  circles  &c,  for  exhibiting  and 
relolving  all  fpherical  triangles;  alfo  his  double  feCtor, 
with  many  other  inftriimgiits,  all  contrived,  graduated 
and  fiuiftied,  in  a moll  elegant  manner,  by  himfelf. 
In  ftiort,  he  poffeffed  at  once  a remarkably  ekar  head 
for  contriving,  and  an  extraordinary  hand  for  execut- 
ing, any  thing,  not  only  in  mechanics,  but  likewife  in 
drawing,  writing,  and  making  the  moll  exact  and 
beautiful  fchemes  or  figures  in  all  his  calculaticns  and 
geometrical  conftrudlions. 

The  quadrature  of  the  circle  utis  undertaken  by  him; 
for  his  own  private  amiifement  in  the  year  1699,  de- 
duced from  two  different  feries,  by  which  the  truth  of 
it  was  proved  to  72  places  of  figures  as  may  be  feen 
in  the  introdullion  to  Sherwin’s  tables  of  logarithms  j 
that  is,  if  the  diameter  of  a circle  be  I,  the  circumfe- 
rence will  be  found  equal  to  3'i4!  3926535897932 
38462643383279502884197  16939937  5105820974944 
5923078 16405,  &c.  In  the  fame  book  of  Sherwin’s 
may  alfo  be  feen  his  ingenious  improvements  on  the 
making  of  logarithms,  and  the  conftruCling  of  the  na- 
tural fines,  tangents,  and  fecants. 

He  alfo  calculated  the  natural  and  logarithmic  fines, 
tangents,  and  fecants,  to  every  fecond  in  the  firft  mi- 
nute of  the  quadrant  ; the  laborious  inveftigation  of 
which  may  probably  be  feen  in  the  archives  of  the 
Royal  Society,  as  they  were  prefented  to  Mr.  Patrick 
Murdoch  for  that  purpofe  ; exhibiting  his  very  neat 
and  accurate  manner  of  writing  and  arranging  his  fi- 
gures, not  to  be  equalled  perhaps  by  the  bell  penman 
now  living. 

The  late  ingenious  Mr.  Sqaeatonfays  (Philof,  Tranf. 
an.  1786,  pa.  5,  &c) : 

“ In  the  year  1689,  Mr.  Flamfteed  completed  his 
mural  arc  at  Greenwich  ; and,  in  the  Prolegomena  to 
his  Hiftoria  Codeftis,  he  makes  an  ample  acknowledg- 
ment of  the  particular  aftiftance,  care,  and  induftry  of 
Mr.  Abraham  Sharp  ; whom,  in  the  month  of  Au- 
gult  1688,  he  brought  into  the  obfervatory,  as  his 
araanuenfis ; and  being  as  Mr.  Flamfteed  tells  us,  not 
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<^ily  a very  il-cilful  niathematician,  but  exceedingly  ex- 
peit  in  rnechanical  operations,  he  was  principally  em- 
ployed in  the  conflrudlion  of  the  mural  arc  ; which  in 
the  compafs  of  74  months  he  hniflied,  fo  greatly  to  the 
fatisfadion  of  Ur.  Flamdeed,  that  he  fpeaks  of  him  in 
the  higheil  terms  of  praife. 

“ ^This  celebrated  inflrument,  of  which  he  alfo  gives 
thehgure  at  the  end  of  the  Prolegomena,  was  of  the 
la  lus  o 6 leet  inches  ; and,  in  like  manner  as  the 
leXtant,  was  furnifhed  both  with  fcrew  and  diagonal  di- 
vuions,  all  performed  by  the  accurate  hand  of  Mr. 
r '^■’^^oever  compares  the  different  parts 

or  the  table  for  conven'ion  of  the  revolutions  and  parts 
of  the  fcrew  belonging  to  the  mural  arc  into  degrees, 
minutes,  and  feconds,  with  each  other,  at  the  fame 
ciiltance  from  the  zenith  on  different  Tides;  and  with 
then  halves,  quarters,  dee,  will  find  as  notable  a difa- 
^ greement  of  the  Icrew-work  from  the  hand  divifions, 
as  had  appeared  before  in  the  work  of  Mr.  Tompion  : 
and  hence  we  may  conclude,  that  the  method  of  Dr. 
Hook,  being ^executed  by  two  inch  mallerlv  hands  as 
tompion  and  Sharp,  and  found  defective,  is  in  rea- 
lity not  to  be  depended  upon  111  nice  matters. 

F.om  the  account  or  Air.  flam  deed  it  appears 
alfo,  that  Mr.  Sharp  obtained  the  zenith  point  of  the 
rnltrumert,  or  line  of  collimation,  by  obfervation  of 
the  zenith  liars,  with  the  face  of  tiie  inllrument  on  the 
call  and  on  the  well  fide  of  the  wall : and  that  having 
made  the  index  llronger  (to  prevent  flexure)  than  that 
of  the  fextant,  and  tnereby  heavier,  he  contrived,  by 
means  of  pulleys  and  balancing  weights,  to  relieve  the 
hand  that  was  to  move  it  from  a great  part  of  its  gra- 
' dlic  Sharp  continued  in  llriCt  correfpondence 
''It  ^ Ir.  i lamtteed  as  long  as  he  lived,  as  appeared  by 
letters  of  Mr.  Flamfleed’s  found  after  Air.  Sharp’s 
death  ; many  of  which  1 have  feen. 

1 have  been  the  more  particular  relating  to  Air. 
oharp,^  in  the  biifinefs  of  conllrudling  this  mural  arc  ; 
not  only  becaufe  we  may  fuppofe  it  the  fir  11  good  and 
valid  infirument  of  the  kind,  but  becaufel  look  upon 
Axr,  Snarp  to  have  been  the  lirll  perfon  that  cut  accu- 
rate and  delicate  divifions  upon  allronomical  in  lini- 
ments ; of  which, ^ independent  , of  A'Tr.  Flamlleed’s 
teftiraony,  tliere  lliil  remain  confiderable  proofs  : for, 
after  leaving  Mr.  Flamlecd,  and  quitting  the  depart- 
ment above-mentioned,  he  retired  into  Yorklliire,  to 

""a  u Horton,  near  Bradford,  where  he 

ended  his  days  about  the  year  1743  (^^ould  be,  in  1742); 

^*^11  'n  • r ^ large  and  very  fine 

CO  e^  ion  of  mechanical  tools,  the  principal  ones  beincr 

made  with  his  own  hands,  but  alfo  a great  variety  ol' 
leales  and  mflrnments  made  with  them,  both  in  wood 
.and  brafs,  the  divifions  of  which  were  fo  exquifite,  as 
would  not  difcredit  the  firlartills  of  the  prefent  times  : 
and  1 believe  there  is  now  remaining  a quadrant,  of  4 
or  5 feet  radius,  framed  of  wood,  but  the  limb  covered 
with  abrafs  plate  ; the  fubdivifions  being  done  by  diago- 
nals, the  lines  of  which  areas  finely  cut  as  thofe  upon 
the  quadrants  at^  Greenwich.  The  delicacy  of  Mr. 
onarp’s  hand  will  indeed  permanently  appear  from 
the_  copper-plat es  in  a quarto  book,  publilhed  in  the 
year  1718,  intituled  Improved  bv  A.  Sharp, 

Fhilomath.”  (or  father  1717,  by  A.  S.  Philomath.) 
Whereof  act  only  the  geometrical  lines  upon  theplates. 


but  the  whole  of  the  engraving  of  letters  and  figures, 
vvere  done  by^  himfelf,  as  I was  told  by  a perfon  in 
the  mathematical  line,  who  very  frequently  attended 
Mr.  Sharp  in  the  latter  part  of  his  life.  I there » 
fore  look  upon  Air.  Sharp  as  the  firll  perfon  that 
brought  the  affair  of  hand  divifion  to  any  deo-ree  of 
perfection.”  ^ 

Mr,  Sharp  kept  up  a correfpondence  by  letters  with 
mofl  of  the  eminent  mathematicians  and  aftronomers  of 
Ills  time,  as  Air.  Flamfleed,  Sir  Ifaac  Newton,  Dr. 
Halley,  Dr.  Wallis,  Mr.  Hodgfon,  Mr.  Sherwin,  &c, 
the  anfwers  to  which  letters  are  all  written  upon  the 
backs,  or  empty  fpaces,  of  the  letters  he  received,  in  a 
ihoit-hand  of  his  own  contrivance.  From  a great  variety 
of  letteis  (of  which  a large  cliefl  full  remain  with  his 
friends)  from  thefe  and  many  other  celebrated  mathe- 
maticians, it  is  evident  that  Mr,  Sharp  fpared  neither 
pains  nor  time  to  promote  real  fclence.  Indeed,  beincr 
one  of  the  mofl  accurate  and  indefatigable  computers 
that  ever  exiiled,  he  was  for  many  years  the  common 
refource  for  ?vlr.  Flamfieed,  Sir  Jonas  Moore,  Dr.  Hal- 

c,y,  and  others,  in  all  forts  of  troublefome  and  delicate 
calculations. 

^ Air.  Sharp  continued  all  his  life  a bachelcr,  and  fpent 
his  time  as  reclufe  as  a hermit.  He  was  of  a middle 
fiature,  but  very  thin,  being  of  a weakly  conilitution  ; 
ne  was  remarkably  feeble  the  lafl  three  or  four  years 
before  hedied,  which  was  on  the  iSthof  Tuly  1742,  111 
the  9 1 ft  year  of  h-s  age. 

In  his  letirement  at  Little  Horton,  he  employed 
four  or  five  rooms  or  apartments  in  his  houfe  for  dif- 
fei ent  purpofes,  into  which  none  of  his  family  could 
poffibly  enter  at  any  time  without  his  permifiion.  He 
was  feldom  vifited  by  any  perfons,  except  two  gentlemen 
of  Bradford,  the  one  a mathematician,  and  the  othei' 
an  ingenious  apothecary:  thefe  were  admitted,  when 
he  chofe  to^  be  feeii  by  them,  by  the  fignal  of  rubbing 
a (tone  againft  a certain  pait  of  the  ontfide  wall  of  the 
houfe.  Fie  duly  attended  tlie  dilTenting  chaptl  at  Brad- 
ford,^ of  which  he  was  a member,  every  Sunday  ; at 
V. hich  time  he  took  care  to  be  provided  with  plenty  of 
halfpence,  winch  he  very  cliaritahly  fuffered  to  be  taken 
fingly  out  of  his  hand,  held  behind  him  during  his 
walk  to  the  cliapel,  by  a number  of  poor  people  who 
followed  him,  without  lus  ever  looking  back,  or  alking 
a fingle  queftion. 

Air.  Sharp  vvas  very  irregular  as  to  his  meals,  and 
remarkably  iparing  in  his  diet,  which  he  frequently  took 
in  the  following  manner.  A little  fquare  hole,  fome- 
thing  like  a window,  made  a communication  between: 
the  room  where  he  was  ufualiy  employed  in  calculations, 
and  another  chamber  or  room  in  the  houfe  where  a fer- 
vant  could  enter  ; and  before  thislidlehe  had  contrived 
a Biding  board  : tlie  fervant  always  placed  his  vidf.uals 
in  ^this  hole,  without  Ipeaking  or  making  any  the  leaft 
noife  ; and  when  he  had  a little  leifure  he  vifited  his 
CLipboaid  to  fee  Vv’hat  it  afiorded  to  fatisry  his  huno’^^^- 
or  third.  But  it  often  happened,  that  the  breakfaft^ 
dinner,  and  fiippcr  have  lemained  untouched  by  him,, 

wdien  the  fervant  lias  gone  to  remove  what  was  left fo 

deeply  engaged  had  he  been  in  calculations.— -Cavities 
might  eafily  be  percLvcd  in  an  old  Engliih  oak  table 
wdieie  he  fat  to  write,  by  ihc  frequent  rubbing  and, 
.wearing  of  his  elbows,— Grk/rr  cavat  hj/ldem^ 

,TO  , . 
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1Bv  Mr.  SKarp-s  epitaph  it  appears  that  he  was  related 
to'archbirnop  Sharp.  And  Mr.  Sharp  the  eminent 
fui-p-eon,  who.  it  feems  haslately  retired  from  bufineh, 
is  the  nephew  of  oiir  author.  Another  nephew  was  the 
father  of  Mr.  Ramiden,  the  prefent  celebrated  m tiu- 
ment  maker,  vvho  fays  that  his  grand  uncle  Abraham, 
our  author,  .wuie:  fome- time  in  his  younger  days  an  ex- 
cifeman  ; which  cccupation  he  quitted  on  coming  to  a 

patrimonial  eilate  of  about  200I.  a ye^^; 

Sh\rp,  in  Mufic,  a'kind  of  artihcial  note,  or  caa- 
’ rader,  thus  formed  : this'  being  prefixed  .to  any  note, 
fhews  that  it  is  to  be  fung  or  played  ^ femitone  01  bad 
note  higher  than  the  natural  note  is.  When  a ohaip  is 
placed  at  the  beginning  of  a have  or  movement,  it  mews 
tliat  all  notes  that  are  found  on  the  lame  line,  or  ipace, 
throughout,  are  to  be  ralfed  half  a tone  above  their 
natural  pitch,  nnkfs  a natural  intervene.  W nen  a 
Sharp  occurs  accidentally,  it  only  aitedfs  as  many  notes 
as  follow  it  on  the  fame  line  or  fpace,  wvitaout  a natural, 

in  the  compafs  of  a bar.  ^ j • r 

SHEAVE,  in  Mechanics,  a folid  cylindrical  vyheel, 
fixed  in  a channel,  and  moveable  about  an  axis,  as 
being  nfedto  raife  or  increafe  the  mechanical  powers 

applied  to  remove  any  oody.  _ 1 '/t 

SHEERS,  aboard  a ililp,  an  engine  ufed  to  hoiit 

or  difplace  the  lower  malls  of  a flsip.^ 

SHEKEL,  or  Shekle,  an  ancient  Hebrew  com 
and  weight,  equal  to  4 Attic  drachmas^  or  4 Konian 
denarii,  or  2S.  g^d.  ilerhng.  Accord ing^to  father 
jMerfenne,  the  Hebrew  Shekel  weighs  208  giains, 
and  is  com po fed  of  20  oboli,  each  obolus  weigmng  lO 

grains  of  wheat,  ' 1 . 

SHILLING,  an  Englifla  filver  com,  equal  to  12 
pence,  or  the  20th  part  of  a pound  ilerling.  ^ 

This  was  a Saxon  coin,  being  the  qStn  part  of  their 
pound  weight.  Its  value  at  firft  was  5 pence  ; but  it 
was  reduced  to  4 pence  about  a century  before  the  con- 
queft.  After  the  conquell,  the  Iiench  folidus  ox  i2 
pence,  which  was  in  ufe  among  the  Normans,  was 
called  by  the  Englifn  name  ot  Shilling  ; and  the  Saxon 
Shilling  of  4 pence  took  a Norman  _ name,  and  was 
called  the  groat,  or  great  com,  becaufe  it  was  the  larged 
Englhli  coin  then  known  m England.  From  this  time, 
the  Shilling  underwent  many  alterations. 

Many  other  nations  have  alfo  their  Shillings.  1 he 
Englift  Shilling  is  worth  about  23  Frencnfols  ; thole 

of  Holland  and  Germany  about  half  ^ ^ 

fols  • thofe  of  Flanders  about  9.  xhe  Dutch  Shillings 
are  ko  called/A  cle  gros,  becaufe  equal  to  12  grots. 
The  Danes  have  copper  Shillings,  vcorth  about  one 

fourth  of  a farthing  fterliug. 

In  the  time  of  Edward  the  ill,^  the  pound  troy  was 
the  fame  as  the  pound  fterhngof  filver,  conhftmgof  20 
Shillings ; fo  that  the  Shilling  weighed  the  20th  part 
of  a pound,  or  more  than  half  an  ounce  troy.  But 
fome  are  of  opinion,  there  were  no  coins  of  this  deno- 
mination, till  Henry  the  7th,  in  the  year  150+,  fir 
coined  filver  pieces  of  12  pence  value,  which  we  call 
Shillings.  Since  the  rtign  of  Elizabeth,  a ShiLing 
v/eighs  the  62nd  part  of  a pound  troy,_  or  3 ^o'ri 

grs.^the  pound  weight  of  filver  making  62  Shillings. 
And  hence  the  ounce  of  filver  is  worth  5s«  -^d.  or  5 6 

Shillings.  ^ , r 

SHIVERS,  in  a fliip,  the  feamen’s  term  for  thole 


little  round  wlieels,  in  wliich  tVie  rope  of  a ptilly  or 
biofk  nms.  Tiiey  turn  with  the  rope,  and  have  pieces 
of  brafs  in  their  centres,  into  which  the.pm  of  the  block 
goes,  and,  on  which  they  turn.  ^ ,ro- 

•SHORT-SIGHTEDNESS,  myopia,  a dektt  m 
the -conformation  of  the  eye,,  when  the  crydalliue  &g 
being  too^coovtx,  the  rays  that  enter  the  re- 

fracted too  much,  and  made  to  cfinverge  too  tail,  io  as 
to  unite  befor^e  they  reach 'the  retina,  by  which  means  , 
vifion  is  rendered  dim  and  confufed. 

It  is  commonly  thought  that  Short-fightednefs  weais 
dfFinold  age,  on  account  of  the  eye  becoming  fiatter  ^' 
but  Dr.  Smith  quellions  whether  this  be  matter  of  tact, 
or  only  hYpothefis:  It  is  remarkable  that  Short-fighted 
perfons  commonly  wuite  a fmall  hand,  and  love  a fmad 
print,  becaufe  they  can  fee  more  of  it  at  one  view. 
That  it  is  cudomary  with  them  not  to  look  at  the  , 
rierfon  they  cenverfe  with,  becaufe  they  cannot  wed  ■ 
lee  the  motion  of  his  eyes  and  featurcf?,  and  aie  there- 
fore attentive  to  his  words  only.  That  they  fee  more 
didinclly,  'and  fomewhat  farther  off,  by  a ftrong  liglit, 
than  by  a weak  one  ; becaufe  a ftrong  light  caules  a 
contratrioB  of  the  pupil,  and  confequently  of  the 
pencils,  both  here  and  at  the  retina,  which  leffens 
t<heir  mixture,  and  confequently  the  apparent  con- 
•fufion  ; and  therefore,  to  fee  more  diftindlly,  they 
Elm-oft  clofe  their  eye-lids, _ for  which  reafon  they  were 
anciently  called  myopes.  Smith’s  Optics,  vol.  2,  Rem. 

p.  10.  It 

Dr.  Jurin  obferves,  that  perfons  who  are  much  and 

long  acciiftomed  to  view  objects  at  fmall  diftances,  as 
ftiid'ents  in  general,  watchmakers,  engravers,  painters 
in  miniature,  &c,  fee  better  at  fmall  diftances,  and 
worfe  at  great  diftances,  than  other  people.  And  he 
gives  the  reafon s,  from  the  mechanical  effect  of  habit 
in  the  eye.  EfTay^  onDift.  and  Iiidift.  ^'ifion. 

The  ordinary  remedy  for  Short-fightednefs  is  a con- 
cave lens,  held  before  the  eye  ; for  this  caufing  the 
rays  to  diverge,  or  at  leaft  diminifldng  much  of  their 
converge ncy,  it  makes  a compenfation  for  the  too  great 
convexTty  of  the  cryftalline.  Dr.  Hook  fuggefts  an- 
other  remedy  ; which  is  to  employ  a convex  glafs,  m a , 
pofition  between  the  objedf  and  the  eye,  by  means  of 
\vhich,  the  objed  may  be  made  to  appear  at  any  diftance 
from  the  eye,  and  fo  the  eye  be^raade  to  contemplate  the 
pidure  in  the  fame  manner  as  if  the  objed  itlelf  were 
in  its  place.  But  here  unfortunately  the  image  will 
appear  inverted : for  this  however  he  has  fome  whimlical 
expedients  ; viz,  in  reading  to  turn  the  book  upfide 
down,  and  to  learn  to  write  upfide  down.  As  to  dif- 
tant  objeds,  the  Dodor  afferts,  from  his  own  experience, 
that  with  a little  pradice  in  contemplating  inverted  op- 
jeds,  one  gets  as  good  an  idea  of  them  as  if  feen  m 

their  natural  pofliire.  ^ 

SH01\  in  the  .Military  Art,  includes  all  forts  ot 
bails  or  bullets  for  fii-e  arms,  from  the  cannon  to  the 
pillol.  As  to  thofe  for  mortars,  they  are  ufualiy  called 

fhells. 

Shot  ai-e  moftly  of  a round  form,  though  there  are 
other  fliapes.  Thofe  for  cannon  are  of  iron;  but  thofe 
for  muflcets  and  pillols  are  of  lead.  ^ 

Cannon  ftiot  and  lliells  are  ufualiy  fet  up  in  piles,  or 
heaps,  tapering  from  the  bafe  towards  the  top  ; the 

bale  being  eitlier  a triangle,  a fquare,  or  a redtangle  ; 

from 
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from  wKich  the  number  in  the  pile  is  eafily  computed. 
See  Pile, 

The  weight  and  dimenfions  oF  balls  may  be  found, 
the  one  from  th'e  other,  whether  they  are  oF  iron  or  of 
lead.  Thus, 

The  weight  of  an  iron  ball  of  4 inches  diameter,  is 
5)lb,  and  becaufe  the  w'elght  is  hs  the  cube  of  the 
diameter,  therefore  as  4^  : 9 : : ^ :zz  w,  the 

weio'ht  of  the  iron  ball  whofe  diameter  is  d ; that  is, 

of  the  cube  of  its  diameter.  And,  converfely»  if 
the  weig'ht  be  gdven,  to  find  the  diameter,  it  will  oe 

2 ■/  (5_4  ./y  z=  d ; that  Is,  take  or  7^  of  the  weight, 
and'^the  cube  root  of  that  will,  be  the  diameter  of  the 
iron  ball. 

Forheaden  balls ; one  of  4!  inches  dianieter  weighs 
17  pounds;  therefore  as  the  cube  of  4!  is  to  17,  or 
nearly  as  9 : 2 : : d^  : = w,  the  weight  of  the 

leaden  ball  whole  diameter  is  J,  that  is,  of  the  cube 

of  the  diameter.  On  the  contrary,  if  tlie  weight  be 

o-lven,  to  find  the  diameter,  it  will  be  { u>  = d; 

that  is,  I or  4!  of  the  weight,  and  the  cube  root  of 
the  product.  See  my  Conic  Sedtioiis  and  beleT  £x* 
erciles,  pa.  141. 

SHOULDER  of  a Baftion,  in  Foi  tification,  is  the 
angle  where  the  face  and  the  fiank  meet. 

SHOULDERING,  In  Fortification.  See  iLpaule- 
nunt. 

SHWAN-/>^7^/,  a Chinefe  Infiriiment,  compofed  of 
a number  of  wires,  with  beads  upon  them,  which  tliey 
move  backwards  and  forwards,  and  which  iei\es  to  aliiil 
them  in  their  computations.  Sec  Abacus. 

SIDE,  latusy  in  Geometry.  The  fide  of  a figure  Is 
a line  making  part  of  the  periphery  of  any  fupcrficial 
figure,  viz,  a part  between  two  fuccelTive  angles. 

In  triangles,  the  fides  are  alfo  called In  a right- 
angled  triangle,  the  two  fides  that  include  the  right 
angle,  are  called  ccitheh^  or  {(.imetimcs  the  heife  andy>^r- 
pcndicular^  and  the  thlid  fide,  the  hypothniufe. 

Side  of  a Polygonal  Number,  Is  the  number  of  terms 
in  the  arithmetical  progreffion  that  are  fummed  up  to 
form  the  number. 

Side  0/  Power,  is  what  is  iifually  called  the  root 
or  radix. 

Sides  of  Norn-worhs,  Crowti-worbs,  DoubJc-tenmlles, 
See,  are  the  ramparts  and  parapets  which  inclofe  them 
on  the  right  and  left,  from  the  gorge  to  the  head. 

SIDEREAL,  or  SiDERiAi.,  fomething  relating  to 
the  Ears.  As  Sidereal  year,  day,  dec,  being  thofe 
marUed  out  by  the  liars. 

Sidereal  JUvr.  See  Year. 

Sidereal  Day,  is  the  time  in  which  any  liar  appears 
to  revolve  from  the  meridian  to  the  meridian  again  ; 
which  is  23  hours  r6'  4^'  6'^^  of  mean  folar  time; 
there  being  366  Sidereal  days  in  a year,  or  in  the  time 
01365  diurnal  revolutions  of  the  fun  ; that  is,  exadlly, 
if  the  equinodlial  points  were  at  reft  In  the  heavens. 
But  the  equinoiRial  points  go  backward,  with  refpedl 
to  the  ftars,  at  the  rate  of  50^'  of  a degree  in  a Julian 
year  ; which  caufeth  the  ftars  to  have  an  apparent  pro- 
VoLt  II. 


449  1 

gtefiive  motion  eaftward  30''  in  tliat  time.  ' And  as  the 
fiuEs  mean  motion  in  the. ecliptic  k only  i i ligns  29^ 
45'  40''  15''^  in  365  days,  it  follows,  tlial  at  the  end 
of  that  time  he  will  be  14'  19''  44'''  fiiott  of  that 
point  of  the  ecliptic  from  which  he  fet  out  at  the  be- 
gini-iing  ; and  the  ftars  wdl  be  advanced  of  a degi^.£ 
w'ith  refpedl  to  that  point. 

Confequently,  if  the  fun’s  centre  be  on  the  meridian 
viith  any  ftar  on  any  given  day  of  the  year,  tiiat  fiar 
will  be  14'  19"  or  9"  45'//  call 

of  the  fun’s  centre,  on  the  365th  day  afterward,  when 
the  fun’s  centre  is  on  the  meridian  ; and  therefore  that 
ftar  will  not  come  to  the  meridian  on  that  day  till  the 
fun’s  centre  has  pafied  it  by  L o"  38'''  Kf"  of  mean 
folartime;  for  the  fun  takes  fo  much  time  to  go  through 
an  arc  of  15’  f 45^”’  then,  in  565'^'^  ^ ^ 

^^//r  have  jult  completed  its  366th 

revolution  to  the  meridian. 

In  the  following  table,  of  Sidereal  revolutions,  the 
fii  ft  column  contains  the  number  of  revolutions  of  the 
ftars  ; the  others  next  it  fhew  the^times  in  which  thefe 
revolutions  aie  made,  as  fb.ewn  by  a well  regulated 
clock  ; and  tliofe  on  the  right  hand  Ihew  the  daily  ac- 
celerations of  the  liars,  that  is,  how  much  any  liar 
gains  upon  the  time  Ihewn  by  fuch  a clock,  in  the  cor- 
refponding  revolutions. 


Rcvol . 
of  the 
Itars . 

Tunes  in  which  the  re 

volutions  are  made. 

Accelerations  of 
the  liars. 

da. 

ho. 

in . 

fee. 

th. 

fo. 

ho. 

m. 

fee. 

th. 

fo. 
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0 
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6 

0 

0 
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33 
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0 
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23 
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This  table  will  not,  difFer  the  2 79926ocooooth  part 
cf  a fecond  of  time  from  the  truth  in  a whole  year.  It 
was  calculated  by  Mr.  Fergiifon  ; and  it  is  the  only 
table  of  the  kind  in  which  the  receffion  of  the  equinoc- 
tial points  has  been  taken  into  the  calculation. 

8IDUS  Geo't'gnmu  n new  primary  planet,  difcovered 
by  Dr.  Herfchel  at  Bath,  in  the  night  of  March  13, 
i';8i.  It  Is  fometimes  alfo  called  the  Georgian  Flanetj 
and  the  IGenv  Planet,  from  its  having  been  newly  or 
lately  difcovered,  alfo  HerfeheFs  Vianet,  from  the  name 
of  its  difooverer,  and  the  Planet  Herjehd,  or  limply 
Herfchel, "hg  which  name  it  is  didinguirhed  by  the 
allronomers  of  almoft  all  foreign  nations.  Tlie  planet 
is  denoted  by  this  charaffer  a Roman  H as  the 
initial  of  the  name,  the  horizontal  bar  being  crolfed  by 
a perpendicular  line,  forming  a kind  of  crofs,  the  em- 
blem of  Chriftianity,  meaning  thereby  perhaps  that  its 
difeovery  was  made  by  a Chriftian,  or  fiiice  the  birth 
of  Chriii,  as  all  the  other  planets  were  difcovered  long 
befi'ie  that  period. 

X 

This  planet  is  the  remotell  of  all  thofe  that  are  yet 
known,  though  not  the  larged,  being  in  point  of  mag- 
nitude lefs  than  Saturn  and  Jupiter.  Its  light,  fays  Dr, 
Herfchel,  is  of  a blueifh-wdiite  colour,  and  its  brilliancy 
between  that  of  V^enus  and  the  moon.  \V ith  a telefcope 
that  m>agnides  about  300  times,  it  appears  to  have  a 
very  well  defined  vifible  didc  j but  with  indruments  of 
a fmall  power,  it  can  hardly  be  didinguifhed  from  a 
fixed  dar  of  between  the  6th  and  7th  magnitude.  In 
a very  fine  clear  night,  wdien  the  moon  is  abfent,  a good 
eye  will  perceive  it  without  a telefcope. 

From  the  obfervatlons  and  calculations  of  Dr.  Fler- 
fchel  and.  other  adronomers,  the  elements  and  dimen- 
fions  &c  of  this  planet,  have  been  collected  as  below. 

Place  of  the  node  - --  --  2^5  11°  49'  30'"' 

Placeoftheaphelionin  1793  ii  23  33  33 
Inclination  of  the  orbit  - - ’ • 43  33 

Time  of  the  perihelion  paflage  Sep.  7,  1799. 
Eccentricity  of  the  orbit  - - *8203 

Plalf  the  greater  axis  - - - - 1 9*08 1 8 of  Earth^s  did. 
Revolution  - --  --  --  --  83!-  fidereal  years 

Diameter  of  the  planet  - - - 34217  miles 

Piopor.  of  diam.  to  the  earth^s  4*3177  to  i 
its  .bulk  to  the  earth’s  - - - 80*4926  to  1 

Its  denfity  as *2204  to  i 

Its  quantity  of  matter  - - - 17*7406  to  i 

And  heavy  bodies  fall  on  its  furface  18  feet  8 inches  in 

one  fecond  of  time. 

SIGN,  in  Algebra,  a.fymbol  or  character. 

Signs,  Tihe,  bojitive,  negative,  radical,  &c.  Sec  the 
adjcAives. 

Sign,  in  Adronomy,  a 12th  part  of  the  ecliptic,  or 
^rodiac  ; or  a portion  containing  30  degrees  of  the  fame. 

The  ancients  divided  the  zodiac  into  12  fegments, 
called  Signs  ; commencing  at  the  point  where  the 
ecliptic  and  equinodfial  interfedf,  and  fo  counting  for- 
ward from  w^ed  to  ead,  according  to  the  courfe  of  the 
fun;  thefe  Signs  they  named  from  the  iz  condellations 
which  podeded  thoFe  fegments  in  the  time  of  Hippar- 
chus. But  the  con Rellat ions  have  fince  fo  chang'ed 
their  places,  by  the  preetdion  of  the  equinox,  that 
Aries  is  now  found  in  the  fign  called  Taurus,  and 
Taurus  ill  that  of  Gemini, 


The  names,  and  charadlers,  of  the  12  Signs,  and 
their  order,  are  as  follow  : Aries  T , Taurus  ^ , Ge- 
mini n,  Cancer  Leo  Virgo  11^,  Libra 
Scorpio  T]|,  Sagittarius  Capricornus  vy,  Aquarius 
.CCD's  Pifees  X j each  of  which,  wutli  the  dars  in  them, 
fee  under  its  proper  article,  Aries,  Taurus,  &c. 

The  Signs  are  didlnguidied,  with  regard  to  the 
feafon  of  the  year  when  the  fun  ^s  in  them,  into  vernal, 
sedival,  autumnal,  and  brumal, 

Fernal ox  Spring  Signs,  are  Aries,  Taurus,  Gemini. 

Aejlival  or  Summer  Signs,  are  Cancer,  I.eo,  Virgo. 

Autumnal  Signs,  are  Libra,  Scorpio,  Sagittary-. 

Brumal  or  Winter  Signs,  are  Cauricorn,  Aquarius, 
Pifees. 

The  vernal  and  fumrner  Signs  are  alfo  called  northern 
Signs,  becaufe  they  are  on  the  north  fide  of  the  equi- 
nodliai  ; and  the  autumnal  and  winter  Signs  are  called 
Jouthern  ones,  becaufe  they  are  on  the  fouth  fide  of  the 
fame. 

The  Signs  are  alfo  didinguidied  into  afeending  and 
defeending,  according  as  they  are  afeending  toward  the 
north,  or  defeending  toward  the  fouth.  Thus,  the 

Ajeenaing  SiGiis,  are  the  winter  and  fpring  iigns,  or 
thofe  fix  from  the  winter  foldice  to  the  dimmer  foldice, 
Vz,  the  Signs  Capricorn,  Aquarius,  Pifees,  Aries, 
Taurus,  Gemini.  And  the 

^Defeending  SiGtis  are  the  fummer  and  autumn  Signs,  or' 
the  Signs  Cancer,  Leo,  Virgo,  Libra,  Scorpio,  Sagittary,. 

Signs,  Fixed,  Mafeuline,  &c  ; fee  the  adjedives. 

SILLON,  in  Fortification,  an  elevation  of  earth, 
made  In  the  middle  of  the  moat,  to  fortify  it,  when  too 
broad.  It  is  more  ufually  called  the  Envelope. 

SIMILAR,  in  Arithmetic  and  Geometry,  the  fame 
with  like.  Similar  things  have  the  fame  difpofition  or 
conformation  of  parts,  and  differ  in  nothing  but  as  to 
their  quantity  or  magnitude  j as  two  fquares,  or  twa 
circles,  &c. 

In  Mathematics,  Similar  parts,  as  A,  a,  have  the 
fame  ratio  to  their  wholes  B,  b;  and  if  the  wlioks 
have  the  fame  ratio  to  the  parts,  the  parts  are  Similar. 

Similar  angles,  are  alfo  equal  angles. 

Similar  ares,  of  circles,  are  fuch  as  are  like  parts 
of  their  whole  peripheries.  And,  in  general,  fimilar- 
arca  of  any  like  curves,  are  the  like  parts.of  the  wholes,. 

Similar  bodies,  in  Natural  Philofophy,  are  fuch  as- 
have  their  particles  of  the  fame  kind  and  nature  one 
with  another. 

Similar  Curves^  Two  fegments  of  two  curves  are  - 
faid  to  be  Similar  when,  any  right-lined  figure  being 
infcribed  within  one  of  them,  we  can  infcribe  always 
a Similar  redfillneal  figure  in  the  other. 

^ Similar  Conic  Seftlons,  are  fuch  as  are  of  the  fame 
kind,  and  have  their  principal  axes  and  parameters  pro- 
portional. So,  two  ellipfes  are  figures  of  the  fame 
kind,  but  they  are  not  Similar  unlefs  the  axes  of  the 
one  have  the  fame  ratio  as  the  axes  of  the  other.  And 
the  fame  of  two  hyperbolas,  or  two  parabolas.  And 
generaljy,  thofe  curves  are  Similar,  that  are  of  the 
fame  kind,  and  have  their  correfponding  dimenfions  in 
the  fame  ratio.— -All  circles  are  Similar  figures. 

Similar  Diameters  of  Conic  Sedicns,  are  fuch  as 
make  equal  angles  with  their  ordinates. 

^Similar  Figures,  or  plane  figures,  are  fuch  as  have 
all  their  angles  equal  refpedtivelyj  each  to  each,  and 

their 
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t}ieir  lides  about  the  equal  angles  proportional.  And 
the  fame  of  Similar  polygons. — Similar  plane  figures 
have  their  areas  or  contents,  in  the  duplicate  ratio  of 
their  like  fides,  or  as  the  fquaies  of  thofe  fidcs. 

SiMiLAPv  Plane  'Kunihers^  are  fuch  as  may  be  ranged 
into  the  form  of  Similar  rcdlangles  ; that  is,  into  rec- 
tangles vvhofe  fides  are  proportional.  Such  are  12  and 
48  ; for  the  fides  of  12  are  6 and  2,  and  the  fides  of 
48  are  i 2 and  4,  which  are  in  the  fame  proportion,  viz, 
6 : 2 ; : 12  : 4. 

Similar  Polygons.,  are  polygons  of  the  fame  number 
of  angles,  and  the  angles  in  ihc  one  tKjual  feverally  to 
the  angles  in  the  other,  alfo  the  fides  about  thofe  angles 
proportional. 

SiMiLAPv  are  thofe  that  have  their  fides  about 

the  like  angles  proportional. — All  fquares  are  Similar. 

Similar  Segments  of  circles.^  are  fuch  as  contain 
equal  angles. 

Similar  Solids^  gre  fuch  as  are  contained  under  the 
fame  number  of  Similar  planes,  alike  fituated. — Similar 
folids  are  to  each  other  as  the  cubes  of  their  like  linear 
dimenfions. 

Similar  Solid  Pfunders^  are  thofe  whofe  little  cubes 
may  be  fo  rang-ed,  ‘as  to  form  Similar  parallelopipeduiis. 

Similar  Pnangles,  are  fuch  as  are  eq'  iangular  ones, or 
have  all  their  three  angles  refpetlively  equal  in  each  trian- 
gle For  it  is  fpfficient  for  triangles  to  be  fimilar,  that 
they  be  equiangular,becaulc  that  being  equiangular,  tliey 
neceflarily  have  their  fides  proportional,  which  is  a coii- 
dition  of  Similarity  in  all  figures.  As  to  other  figures, 
iiaving  more  fides  than  three,  they  may  be  equiangular, 
without  having  their  fides  proportional,  and  therefore 
without  being  fimilar. — Similar  triangles  are  as  the 
fquares  of  their  like  fides. 

SIMILITUDE,  in  Arithmetic  and  Geometiy,  de- 
notes the  relation  of  things  that  are  fimilarto  each  other. 

Euclid  and,  after  him,  moft  other  authors,  demon- 
Urate  every  thing  in  geometry  from  the  principle  of 
•congruity.  Wolfius,  inflead  of  it,  fubtlltutes  tliat  of 
Similitude  ; wdiich,  he  fays,  was  communicated  to  him 
by  Leibnitz,  and  which  he  finds  of  very  confideiable 
life  in  geometry,  as  ferving  to  demonftrate  many  things 
diredlly,  whicli  are  only  demonlfrable  from  the  principle 
of  congruity  in  a very  tedious  manner. 

SIMPLE,  fomething  not  mixed,  or  not  compound- 
^ed  ; in  which  fenfe  it  Hands  oppofed  to  compound. 

The  elements  are  Simple  bodies,  from  the  compofilion 
•of  which  there  relult  ail  forts  of  mixed  bodies. 

Simple  Equation^  FraSliony  and  Surd.  See  the 
fubfiantives. 

Simple  phianflties^  in  Algebra,  arc  thofe  .that  con- 
’fift  of  one  term  only  ; as  or  ~ ab^  or  3 ahr.  In  op- 
■pofition  to  compound  quantities,  which  conlifl  of  two 
or  more  terms  ; as  -f  h,  or  ^ 4-  2 ^ — 3 ac. 

Simple  Flunl-i  and  Tenalllef  in  Fortification.  See 
the  fubftantives. 

Simple  Machine^  Plot  ion,  Pendulum,  and  IVheely  in 
Mechanics.  See  the  lubtlantives. 

The  fimplell  machines  are  always  the  rneft  clleemcd. 
And  in  geometry,  the  moll  fimple  dcmonftvatlons  are 
the  bell. 

Simple  Problem.,  in  Mathematics.  See  Linear 
Problem. 

Simple  Vfion,  in  Optics.  See  Vision. 

SIMPSON  (Thomas),  F,  R,  S,  very  eminent 
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mathematician,  and  profefTor  of  Mathematics  in  the 
Royal  Military  Academy  at  Woolwich,  wms  born  at 
Market  Bofworth,  m the  county  of  I.eicefter,  the  20th 
of  Auguil  1710.  His  father  w^s  a Huff weaver  in  that 
,town;  and  though  in  tolerable  circura fiances,  vet,  in- 
tending to  bi'ing  up  his  fon  Thomas  to  his  own  bufinefs, 
lie  took  fo  I’ttle  care  of  his  education,  that  he  WaS  only 
taught  to  read  Englifii.  But  nature  had  furnilh<jd  him 
with  talents  and  a genius  for  far  other  puri'uits  ; v\'hich 
led  him  afterwaids  to  the  highefi  rank  in  the  mathema- 
tical and  philolophical  fciences. 

Yeung  Simplon  very  loon  gave  indications  of  his 
turn  for  lludy  in  general,  by  eagerly  reading  all  books 
he  could  meet  with,  teaching  himftlf  to  write,  and 
embracing  every  opportunity  he  could  find  of  deriving 
knowledge  fr*om  other  perfons.  His  father  obierving 
him  thus  to  ncgledl  lu’s  bufinefs,  by  fpendiug  his  time 
10  reading  what  he  tliought  ufelefs  books,  and  following 
other  iueh  like  purfuits,  tiled  all  his  endeavours  to  check 
Inch  proceedings,  and  to  induce  him  to  follow  his  pro- 
fdlion  w'ith  Ileadinefs  and  better  efledt.  But  alter 
many  ftruggles  for  this  purpofe,  the  differences  thus 
pi'oduced  between  them  at  length  rofe  to  fuch  a height, 
that  our  author  quitted  his  fatiier’s  houfe  entirely. 

Upon  thisoccalion  he  repaired  to  Nuneaton,  a town 
at  a fmall  diffance  from  Bofworth,  where  he  went  to 
lodge  at  the  houfe  of  a taylor^s  widow,'  of  the  name  of 
iSvvinfield,  who  had  been  left  with  two  children,  'a 
daughter  and  a fon,  by  licr  huffoand,  of  whom  the  fon, 
who  was  the  younger*,  being  but  about  two  years  older 
tlian  Simplon,  had  become  his  intimate  friend  and 
companion.  And  here  he  continued  fomc  time,  work- 
ing at  his  trade,  and  improving  his  knowledge  by  read- 
ing fuch  books  as  he  could  procure. 

Among  feveral  other  circumllances  v.diich,  long  be- 
fore this,  gave  occafion  to  Ihew  our  author’s  early  thirff: 
for  k nowledge,  as  well  as  proving  a frcffi  incitement  to 
acquire  it,  was  that  of  a large  folar  eclipfe,  which  took 
place  on  the  iiih  day  of  May,  1724.  This  phenome- 
non, fo  awful  to  many  who  are  ignorant  of  the  caufe 
ol  it,  llruck  the  mmd  of  young  Sinipfon  with  a firorig 
curiofity  to  difeover  the  reafon  of  it,  and  to  be  able  to 
pi*ediH  the  like  furprlfing  events.  It  was  however 
feveral  years  before  he  could  obtain  his  defii*c,  which 
at  length  was  gratified  by  the  following  accident. 
After  he  had  been  fome  time  at  Mrs.  Swinfield’s,  at 
Nuneaton,  a travelling  pedlar  came  that  way,  and  took 
a lodging  at  the  fame  houfe,  according  to  his  ufual 
cLiftom.  This  man,  to  his  profeffion  of  an  itinerant 
merchant,  had  joined  the  more  profitable  one  of  a for- 
tune-teller, which  he  performed  by  means  of  judicial 
affrology.  Every  one  knows  with  what  regard  perfons 
of  fucli  a call  arc  treated  by  the  inhabitanrs  of  country 
villages  ; it  cannot  be  lurprifing  therefore  that  an  un- 
tutored lad  of  nineteen  fliould  look  upon  this  man  as  a 
prodigy,  and,  regarding  him  in  this  I'ght,  fliould  en- 
deavour to  ingratiate  himfelf  into  his  favour  ; in  which 
lie  fuccceded  fo  well,  that  the  fage  was  no  lefs  taken 
with  the  quick  natural  parts  and  genius  of  his  new  ac- 
quaintance. Tlie  pedlar,  intending  a journey  to  Briltol 
fair,  left  in  the  hands  of  young  Simpfon  an  old  edition 
of  Cocker’s  Arithmetic,  to  which  was  fubjoined  a fhort 
Appendix  on  Algebra,  and  a book  upon  Genitures,  by 
Partridge  the  almanac  maker.  Thefe  books  he  had 
perufed  to  fo  good  purpofe,  daring  the  abfcnce  of  hia 
3 M a friend 
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frienc!,  as  to  excite  Vils  amazement  upon  liis  return  ; In 
conieqncnce  of  which  he  fet  himielf  about  erefting  a 
genethliacal  figure,  in  order  to  a prefage  of  T.  homas  s 
future  fortune. 

This  pofition  of  the  heavens  having  been  ^maturely 
confidered  Jecundum  arteniy  the  wizard,  with  great 
confidence,  pronounced,  that,  within  two  years  time 
Simplon  would  turn  cut  a greater  man  than  himfeh  1 

In  faa,  our  author  profited  fo  well  by  the  encourage- 
ment and  affifiance  oi  the  pedlar,  afioided  him  fiom 
time  to  time  vidaen  he  occaiionally  came  to  Nuneaton, 
that,  by  the  advice  of  his  friend,  he  at  lengtli  made 
an  open  profeillon  oi  calling  nativities  liiinielf,  from 
which,  together  with  teaching  an  evening  fcbool,  he 
derived  a pretty  pittance,  fo  that  he  greatly  negleaed 


nis  weaving, 
any  R'reat  a 
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to  which  Indeed  he  had  never  inanifqlled^ 
ttachment,  and  foon  became  tlie  craefe  of 
l^uneaton,  i3olwoi'th,  /and  the  environs.  Scaicc  a 
courtlhip  advanced  to  a match,  or  a bargain  to  afalc, 
without  previoufly  confultmg  the  infallible  Simpfon 
about  the  coniequences.  But  as  to  helping  people ^ to 
flolen  goods,  he  always  declared  that  above  his  fKili ; 
and  over  life  and  deatii  he  declared  he  nad  no  powei  : 


all  thofe  called 


lavjful 


quefl 


ions 


he 


reaaii 


n il  T 


It 


folved, 


provided  the  perfons  were  certain  as  to  the  horary  noJet 
of  the  horofeope  ; and,  he  lias  often  declared,  with 
fuch  fuccefs,  that  if  from  very  cogent  reafons  he  had 
not  been  thoroughly  convinced  of  tiie  vain  foundation 
and  fallacioufnels  of  his  art,  he  never  fliould  have  dropt 
it,  as  he  afterwards  found  himfelf  in  confcience  bound 
to  do. 

About  this  time  he  married  the  widow  Swinfield,  in 
whofe  houfe  he  lodged,  though  fire  was  then  almofl  old 
enough  to  be  his  grandmother,  being  upwards  of  fifty 
years  of  age.  Alter  this  the  family  lived  comfortably 
enough  together  for  fome  fliort  time,  Simpfon  occafi- 
onally  working  at  his  bufinefs  of  a weaver  in  the  day- 
time, and  teaching  an  evening  Ichool  or  telling  fortunes 
at  night;  the  family  being  alfo  farther  afiiited  by  the 
labours  of  young  Swinileld,  who  had  been  brought  up 
in  the  profeffion  of  his  father. 

But  this  tranquillity  was  foon  Interrupted,  and  our 
author  driven  at  once  from  his  home  and  the  proieffion 
of  aftiology,  by  the  following  accident.  A young 
woman  in  the  neighhoiirhood  had  long  wiflied  to  liear 
or  know  fornetliing  of  her  lover,  who  had  been  gone 
to  fea  ; but  Simpfon  had  put  her  off  from  time  to  tiiue, 
till  the  girl  gr'ew  at  laft  fo  importunate,  that  he  could 
deny  her  no  longer.  He  aflced  her  It  fire  would  be 
afraid  if  he  fhouldVaife  the  devil,  thinking  to  deter  her; 
but  fire  declared  fhe  feared^neitber  ghoff  nor  devil:  fo 
he  was  obliged  to  comply.  The  feene  of  adtion  pitched 
upon  was  a barn,  and  young  Swinfield  was  to  adt  the 
devil  or  ghofl ; who  being  concealed  under  fome  ilraw 
in  a corner  of  the  barn,  was,  at  a fignal  given,  to  rife 
fiowly  out  from  among  the  flraw,  with  Iris  face  marked 
fo  that  the  girl  might  not  know  him.  Every  thing 
being  in  order’,  the  girl  came  at  the  time  appointed  ; 
when  Simpfon,  alter  cautioning  her  not  to  be  afraid, 
began  muttering  fome  my  flical  words,  and  chalking 
round  about  them,  till,  on  the  fignal  given,  up  riles 
the  taylor  flow  and  folemn,  to  the  great  terror  of  the 
poor  girl,  w lio,  before  fhe  had  feen  half  his  flioulders, 
fell  into  violent  fits,  crying  out  It  was  the  very  image  of 
her  lover ; and  the  effect  dreadful^ 


that  it  w'as  lliought  cither  death  or  madnefs  mull  be 
the  confequence.  So  that  poor  Simpfon  w^as  obliged 
immediately  to  abandon  at  once  both  his  home  and  the 
profefiion  of  a conjuror. 

Upon  this  occafion  it  w^ould  feem  he  fled  to  Derby, 
where  he  remained  fome  two  or  three  years,  viz,  from 
1733  till  1733  or  infirudling  pupils  in  an  evening 

fchool,  and  working  at  Ills  trade  by  day. 

It  would  feern  that  Simpfon  had  an  early  turn  for 
verfifying,  both,  from  the  circumllance  of  a fong  written 
here  in  favour  of  the  Cavendifli  family,  on  occafion  of 
the  parliamentary  election  at  that  place,  in  the  year  ' 
J733;  and  from  his  iirif  two  mathematical  queflions 
that  w'cre  publifhed  in  the  Ladies  Diai-y,  which  were 
both  in  a fet  of  verfes,  not  ill  written  lor  the  occafion,. 
Thefe  were  printed  in  the  Diary  for  3 736,  and  therefore 
mud  at  latcil  nave  been  written  in  the  year  1735.  Thefe 
two  queflions,  being  at  that  time  pretty  difficult  ones, 
fnew  the  great  progrefs  he. had  even  then  made  in  lire 
mathematics  ; and  from  an  exprefiion  in  the  firll  of 
them,  viz,  where  he  mentions  his  reiidence  as  being  in 
latitude  5 2*^',  it  appeal's  he  was  not  then  come  up  to 
London,  though  he  muff  have  done  fo  very  loon  after. 

Together  with  his  allrology,  he  had  loon  fui  niilied- 
himfelf  with  arithmetic,  algebra,  and  geometry  fuL 
ficient  to  be  qualified  lor  looking  into  the  Ladies  Diary 
(of  which  he  had  afterwards  for  feveral  years  the  direc- 
tion), by  which  lie  came  to  underhand  that  there  was 
a tfill  higher  branch  of  the  mathematical  knowledge, 
than  any  he  had  yet  been  acquainted  with  ; and  this 
was  the  miethod  of  Fluxions,  But  our  young  analyii 
was  quite  at  a lofs  to  difeover  any  Englifn  author  who 
had  written  on  the  fubjeU,  except  Mr.  Hayes ; and 
his  work  being  a folio,  and  then  pi’etty  fcarce,  ex- 
ceeded Ills  ability  of  purehafing  : however  an  acquaint- 
ance lent  him  hlr.  StoneL  Fluxions^  which  is  a ti'anlla- 
tion  of  tire  Marquis  de  P Hafpltad s Mnalyje  dcs  Injinimcnt 
Petits:  by  this  one  book,  and  his  own  penetrating 
talents,  he  was,  as  we  fhail  fee  prefently,  enabled  in  a 
very  few  years  to  compofe  a much  more  accuiate  treatife 
on  this  fubjedl  than  any  that  had  before  appeared  in 
our  language. 

After  he  had  quitted  afti’ology  and  its  emoluments, 
he  was  driven  to  haidfhips  for  the  iublillence  of  his 
family,  while  at  Derby,®  nc^twithflanding  his  other  iir-> 
duflrious  endeavours  in  his  own  trade  bv  day,  and 
teaching  pupils  at  evenings.  This  determined  him  to 
repair  to  London,  which  he  did  in  1735 

On  his  firif  coming  to  London,  Mr.  Simpfon  wrouglit 
for  fome  time  at  his  buiinefs  in  Spitalfields,  and  taught 
mathematics  at  evenings,  or  any  fpare  hours.  His 
induflry  turned  to  fo  good  account,  that  he  returned 
down  into  the  country,  and  brought  up  his  wife  and 
three  children,  fhe  having  produced  her  firfl  child  to 
him  in  his  abfence.  The  number  of  his  fcholars  in- 
creafing,  and  his  abilities  becoming  in  forne  meafure 
known  to  the  public,  he  was  encouraged  to  make  pro- 
pofals  for  publdhing  by  fubfcriptiow,  A new  Treatife 
of  Eluxions : wherein  the  Diredt  and  Jnverfe  Methods 
are  demonflrated  after  a new,  clear,  and  concife  Man- 
ner, with  their  Application  to  Phyfics  and  Allronomy  i 
alfo  the  Dodtrine  of  Infinite  Series  and  Reverting  Se- 
ries univeifally,  are  amply  explained.  Fluxionary  and 
Exponential  Equations  folved  ; together  with  a variety 
of  new  and  curious  Problems., 


When 
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When  Mr.  Simpfon  firll  propofed  his  Intentions  of 
publifhlng  fuch  a work,  he  did  not  know  of  any  Englifli 
book,  founded  on  the  true  principles  of  Fluxions,  that 
contained  any  thing  naaterial,  eipecially  the  pradllcal 
part;  and  though  there  had  been  fome  very  curious 
things  done  by  feveral  learned  and  ingenious  gentlemen, 
the  principles  were  neverthelefs  left  obicure  and  defec- 
tive, and  all  that  had  been  done  by  any  of  them  in  hi- 
feries,  very  Inconfiderable. 

The  book  was  publilhed  In  4to,  In  the  year  1737, 
although  the  author  had  been  frequently  interrupted 
from  furnifhing  the  prefs  fo  fall  as  he  could  have  wllhed, 
through  his  unavoidable  attention  to  his  pupils  for  his 
immediate  fupport.  The  principles  of  fluxions  treated 
of  in  this  work,  are  demonllrated  in  a method  accurate- 
ly true  and  genuine,  not  eflentlally  different  from  that 
of  their  great  inventor,  being  entirely  expounded  by 
finite  quantities. 

In  1740,  Mr.  Simpfon  piibllfhed  a Treatife  on  The 
Nature  and  Laws  of  Chance,  in  4to.  To  which  are 
annexed,  Full  and  clear  Invelligatlons  of  two  Important 
Problems  added  in  the  2d  Edition  of  Mr.  De  Moivre’s 
Book  on  Chances,  as  alfo  two  New  Methods  for  the 
Summation  of  Series, 

Our  author’s  next  publication  was  a 4to  volume  of 
Effays  on  feveral  curious  and  interelling  Subjedls  in 
Speculative  and  Mixed  Mathhm.atics ; ptinted  in  tlie 
fame  year  1740:  dedicated  to  Fiancis  Blake,  Eh], 
fince  Fellow  of  the  Royal  Society,  and  our  author’s 
good  friend  and  patron. — Soon  after  the  publication  of 
this  book,  he  was  chofen  a member  of  the  Royal  Aca- 
demy at  Stockholm. 

Our  author’s  next  work  was.  The  Doftrine  of  Annui- 
ties and  Revcrfions,  deduced  from  general  and  evident 
Principles  : with  uftful  Tables,  fliewing  the  Values  of 
Single  and  Joint  Fives,  &c,  in  Svo,  1742.  This  was 
followed  In  1743,  by  an  Appendix  containing  fome 
Remarks  on  a late  book  on  the  fame  Subject;  (by  Mr. 
Abr.  De  Moivre,  F.  R.  S.)  with  Anffi-ers  to  fomeper- 
fonal  and  malignant  Reprelentations  in  the  Preface 
thereof.  To  thisanfwer  Mr.  De  Moivre  never  thought 
fit  to  reply.  A new  edition  of  this  work  has  lately 
been  publiffed,  augmented  with  the  tracf  upon  the 
fame  fubjedl  that  was  printed  in  our  author’s  Selecff 
Exercifes. 

In  1743  alfo  was  publiflied  his  Mathematical  Differ- 
tations  on  a variety  of  Phyfical  and  Analytical  Sub- 
jeebs,  in  4to  ; containing,  among  other  particulars, 

A DemiOnllration  of  the  true  Figure  which  the 
Earth,  or  any  Planet,  mull  acquire  from  Its  rotation 
about  an  Axis.  A general  Inveiligatlon  of  the  Attrac- 
tion at  the  Surfaces  of  Bodies  nearly  fpherical.  A De- 
termination of  the  Meridional  Parts,  and  the  Lengths 
of  the  feveral  Degrees  of  the  Meridian,  according  to 
the  true  Figure  of  the  Eai*th.  An  Inveftigatlon  of  the 
Deight  of  the  Tides  in  the  Ocean.  A new  Theory 
of  Allronomical  RefraNions,  with  exadi  T'ahles  de- 
duced from  the  fame.  A new  and  very  exadf  Method 
for  approximating  the  Roots  of  Equations  in  Numibers; 
which  quintuples  the  number  of  Places  at  each  Opera- 
tion. Several  new  Methods  for  the  Summation  of 
Series.  Some  new  and  very  ufeful  Impi-ovemcnts  in 
the  inverfe  Method  of  Fluxions.  The  work  being 
dedicated  to  Martin  Fojkcs,  Efn.  Prehdent  of  the 
Royal  Society, 


His  next  book  was  A Treatife  of  Algebra,  wberein 
the  fundamental  Principles  are  demiondrated,  and  ap- 
plied to  the  Solution  of  a variety  of  Problems.  To 
wdiich  he  added.  The  Conllrudlion  of  a great  Number 
of  Geometrical  Problems,  with  the  Method  of  refolv- 
incr  them  numericallv. 

c>  _ . ^ 

This  wmrk,  wdiich  was  defigned  for  the  ufe  of  young 
beginners,  w^as  inferibed  to  William  Jones,  Efq, 
F.  R.  S.  and  printed:  in  Svo,  1743.  And  a new  edi- 
tion appeared  in  1755,  wIBi  additions  and  improve- 
ments; among  w'hich  w'as  a new  and  general  method  of  '" 
refolving- all  Biquadratic  Equations,  that  are  complete,  - 
or  having  all  their  terms.  This  edition  was  dedicated 
to  James  Earl  of  Morton,  F.  R.  S.  Mr,  Jones  being 
then  dead.  The  w’ork  has  gone  through  feveral' 
otlier  editions  fnice  iliat  time  : the  6th,  of  lalt,  was  in 
1790. 

His  next  work  was,  “ Elements  of  Geometry,  with-' 
their  Application  to  the  Menfuraticn  of  Superhcics  and 
Solids,  to  the  Determination  of  Maxima  and  Minima,  . 
and  to  the  Conllrudbion  of  a great*  Variety  of  geome- 
trical Problems:”  hrff  publilhed  In  1747,  in  8vo. 
And  a fecond  edition  of  the  fame  came  out  in 
w'lth  great  alterations  and  additions,  being  in  a manner 
a ne-w  wmrk,  defigned  for  young  beginners,  particu- 
larly for  the  gentlemen  educated  at  the  Royal  INiilitarv 
Academy  at  Woolwich,  and  dedicated  to  Charles  Fre- 
derick, Efq.  Surveyor  General  of  the  Ordnance.  And 
otlier  editions  have  appeared  finee. 

Mr.  Simpfon  met  w'itli  fome  trouble  and  vexation 
in  confeqirence  of  the  hril  edition  of  his ■ Geometry „ - 
Firll,  from  fome  reflections  made  upon  it,  as  to  the 
accuracy  of  certain  parts  of  it,  by  Dr.  Robert  Simfon,  . 
the  learned  profeffor  of  mathematicks  in  the  univcrlity 
of  Glafgow,  in  the  notes  fubjoined  to  his  edition  of 
Euclid’s  Elements.  Tin's  brought  an  anfwer  to  thofe 
remarks  fiom  Mr.  Simpfon^  in  the  notes  added  to  the 
2d  edition  as  above  ; to  fome  parts  of  which  Dr.  Siin- 
fon  again  replied  in  his  notes  oii'the  next  edition  of  the 
fa  Id  hlcmeiits  of  Euclid. 

The  fccond  w-as  bv  an-  illiberal  char<re  of  Iiaviiig- 
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flolen  his  Elements  from  Mr.  Muller,  the  profeffor  of 
fortification  and  artillery  at  the  fame  academy  at  Wool- 
wich, where  our  author  was  profefl'or  of  geometry  and 
mathematics.  Tin's  charge  w'as  made  at  the  end  of  the 
pieface  to  Mr.  M-uller’s  Elements  of  Mathematics,  in 
tw^o  volumes,  piloted  in  1748  ; wdiich  w'as  fully  refuted 
by  Mr.  Simpfon  In  the  preface  to  the  2d  edition  of  his 
Geometry. 

In  1748  came  out  IMr.  Simpfon’s  Trigonometry,  . 
Plane  and  Spherical,  with  the  Conltrudlion  and  Appli- 
cation of  Logarithms,  Svo.  '’I'his  little  book  contains 
leveral  things  new  and  ufeful. 

In  1750  came  out,  in  two  volumes,  Svo,  The  Doc- 
trine and  Application  of  Fluxions,  containing,  beiides  ■ 
wdiat  is  common  on  the  Subject,  a Number  of  new  Im- 
proveineiits  in  the  Theory,  and  the  Solution  of  a Va- 
riety of  new  and  very  interefting  Problems  in  different 
Branches  of  the  Mathematics. — In  the  preface  the 
author  ofters  this  to  the  world  as  a new  hook,  rather 
than  a fecond  edition  of  that  which  w'as  pnhlifhed 
in  1737,  in  which  he  acknowdedges,  that,  Itdldes  • 
errors  of  the  prefs,  there  are  feveral  obfeurities  and 
defers,  for  want  of  experience,  and  the  many  difad- 
vantages  he  then  laboured  under,  in  his  firil  fal!y; 

The. . 
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The  ^dea  and  explanation  liere  given  of  the'  flrft  prin* 
clplt'S  of  Fluxior.s,  are  not  effentially  different  from 
v\  i)at  they  are  in  his  former  treatife,  though  expreffed 
in  other  tenns.  The  confideration  of  time  Introduced 
into  the  general  dehrdlion,  will,  he  fays,  perhaps  be 
difliked  bythoie  who  would  have  fluxions  to  be  mere 
n.'eIocities  : but  the  advanrage  of  confidering  them  other- 
wife,  viz,  not  as  tlie  velocities  themfelves,  but  as  mag- 
nitudes they  would  uniformly  generate  in  a given  time, 
appears  to  obviate  any  objection  on  that  head.  -By 
takinp"  iiuxions  as  meie  velocities,  the  imagination  is 
confined  as  it  were  to  a peint,  and  without  proper  care 
■Uifenfibly  involved  in  metaphy heal  difficulties.  But  ac- 
cording to  this  other  mode  of  explaining  the  matter, 
.Ids  caution  in  the  learner  is  ncceilaiy,  and  the  higher 
orders  of  fluxions  are  rendered  much  more  eafy  and 
fntelligiLle.  Befides,  though  Sir  Ifaac  Newton  defines 
iiuxions  to  be  rhe  velocities  of  n-otions,  yet  he  has  re- 
courfe  to  the  increments  or  moments  generated  in  equal 
particles  oftime,  in  order  to  determiine  thofe  velocities; 
which  he  afterwards  teaches  to  expound  by  finite  mag- 
nitudes of  other  kinds.  This  work  was  dedicated  to 
George  earl  of  Macclesfield., 

In  1752  appeared,  In  8vo,  the  SileB  Exercifes  for 
young  Erficienis  in  the  Mathimatlcs,  This  neat  volume 
contains,  A great  Variety  of  algebraical  Problems, 
with  their  Solutions.  A feledt  Number  of  Geometri- 
cal Problems,  with  their  Solutions,  both  algebraical  and 
geometrical.  ''I'he  Theory  of  Gunnery,  independent 
of  the  Conic  Seefions,  A new  and  very  comprehen- 
five  Method  for  finding  the  Roots  of  Equations  in 
Numbers.  A fhort  Account  of  the  firfl  Principles  of 
Fluxions.  Alfo  the  Valuation  of  Annuities  for  fingle 
and  ioint  Ldvos,  with  a Set  of  new  Tables,  far  more 
extenfive  than  any  extant.  This  lad  part  was  defign- 
ed  as  a fuppiement  to  his  DoArine  of  Annuities  and 
Reverfions ; but  being  thought  too  fmall  to  be  publlfhed 
alone,  it  was  inferted  here  at  the  end  of  the  Seledt  Ex- 
ercifes  ; from  whence  however  it  has  been  removed  in 
the  lad  editions,  and  referred  to  its  proper  place,  the 
end  of  the  Annuities,  as  before  mentioned.  The  ex- 
amples that  are  given  to  each  problem  in  this  lad  piece, 
are  according  to  the  London  bills  of  mortality  ; but 
the  loliuions  are  general,  and  may  be  applied  with 
equal  facility  and  advantage  to  any  other  table  of  ob- 
Pervations.  The  volume  is  dedicaited  to  John  Bacon, 
Efq.  F.R.S. 

Mr.  Simpfon’s  Mifcellaneons  TraAs,  printed  in  qto, 
17  57)  were  his  lad  legacy  to  the  public  : a mod  valuable 
bequed,  whether  we  confider  the  dignity  and  import- 
ance of  the  fubjeAs,  or  his  fublime  and  accurate  man- 
ner of  treating  them. 

The  fird  of  thefe  papers  is  concerned  in  determining 
the  Precellion  of  tlie  Equinox,  and  the  different  Mo- 
tions of  the  EanlEs  Axis,  arifing  from  the  Attradfion 
of  the  Sun  and  Moon.  It  w^as  drawn  up  about  the 
year  1752,  in  confequence  of  another  on  the  fame 
fubjeA,  by  M.  de  Sylvabelle,  a French  gentleman. 
Though  this  gentleman  had  gone  through  one  part  of 
the  fubjeA  with  fuccefs  and  perfpicuity,  and  his  con- 
iclufions  were  perfeAly  conformable  to  Dr.  Bradley’s 
obfervations  ; it  neverthelefs  appeared  to  Mr.  Simpfoii, 
that  he  had  greatly  failed  in  a very  material  part,  and 
that  indeed  the  only  very  difficult  one ; that  is,  in  the 
determination  of  the  incunentarj  alteration  of  the  po- 


fitlon  of  the  earth’s  axis,  caufed  by  the  forces  of  the 
fun  and  moon  ; of  wdiich  forces,  the  quantities,  but 
not  the  effeAs,  are  truly  iuvedigated.  The  iecond 
paper  contains  the  Invelligaticn  of  a very  exaA  Method 
or  Rule  for  finding  the  Place  ot  a Planet  in  its  Orbit, 
from  a CorreAion  of  Bifhop  Ward’s  circular  liypo- 
thefis,  by  Means  of  certain  Equations  applied  to  the 
Motion  about  the  upper  Focus  of  the  Eiiipfe.  By  this 
Method  the  Refult,  even  in  the  Orbit  of  Mercury, 
may  be  found  within  a Second  of  the  Truth,  and  that 
without  repeating  the  Operation.  The  third  (hews  the 
Manner  of  transferring  the  Motion  of  a Comet  from  a 
parabolic  Orbit,  to  an  elliptic  one  ; being  of  great  Ufe, 
when  the  obferved  Places  of  a (new)  Comet  are  found 
to  differ  fenfibly  from  thofe  computed  on  the  Hypo- 
thefis  of  a parabolic  Orbit.  The  fourth  is  an  Attempt 
to  faew,  from  mathematical  Principles,  tire  Advantage 
arifing  from  taking  the  Mean  of  a Number  of  Obfer- 
vations, in  praAical  xVilrononiy'p  whiCrein  the  Odds 
that  the  Refult  in  tin’s  Way,  is  more  exaA  than  from 
one  fingle  Obfervation,  is  evinced,  and  the  Fitility  of 
the  Method  in  Pradflce  clearly  made  appear.  The 
fifth  contains  the  Determination  of  certain  Fluents,  and 
the  Refolution  of  fome  very  ufeful  Equations,  in  the 
higher  Orders  of  Fluxions,  b)'-  Means  of  the  Mealures 
of  Angles  and  Ratios,  and  the  right  and  verled  Sines 
of  circular  Arcs.  The  btli  treats  of  the  Refolution  of 
algebraical  Equations,  by  the  Method  of  Surd-divi- 
fors;  in  which  the  Grounds  of  that  Method,  as  la  d 
down  by  Sir  Ifaac  Newton,  are  inveftigated  and  ex- 
plained. The  7th  exhibits  the  Invclligation  of  a gene- 
ral Rule  for  the  Refolution  of  Ifoperimetrical  Problems 
of  all  Orders,  with  fome  Examples  of  the  Uie  and  Ap- 
plication of  the  faid  Rule.  The  8tb,  or  laff  part, 
comprehends  tlie  Refolution  of  fome  general  and  very 
important  Problems  in  Mechanics  and  Phyfical  Aftrono- 
my  ; In  which,  among  other  Things,  the  principal 
Parts  of  the  3d  and  9th  SeAions  of  the  firft  Book  of 
Newton’s  Principia  are  demonftrated  In  a new  and  con- 
cife  Manner.  But  what  may  perhaps  beft  recommend 
this  excellent  traA,  is  the  application  of  the  general 
equations,  thus  derived,  to  the  determinatron  of  the 
Lunar  Orbit. 

According  to  what  Mr.  Simpfon  had  intimated  at  the 
conclufion  of  his  DoArinc  of  Fluxions,  the  greateff 
part  of  this  arduous  undertaking  was  drawn  up  in  the 
year  1750.  About  that  time  M.  Clalraut,  a very 
eminent  mathematician  of  the  French  Academy,  had 
ffarted  an  objeAion  againff  Newton’s  general  law  of 
gravitation.  This  was  a motive  to  induce  Mr.  vSimpfon 
(among  fome  others)  to  endeavour  to  diicover  whether 
the  motion  of  the  moon’s  apogee,  on  which  that  ob- 
jeAion had  Its  whole  weight  and  foundation,  could  not 
be  truly  accounted  for,  without  fuppoling  a change  in 
the  received  law  of  gravitation,  from  the  inverfe  ratio  of 
the  fquares  of  the  diftances.  The  fuccefs  anfwered 
his  hopes,  and  Induced  him  to  look  farther  into  other 
parts  of  the  theory  of  the  moon’s  motion,  than  he  had 
at  firft  intended  : but  before  he  had  completed  his  de- 
fign,  M.  Clairaut  arrived  in  England,  and  made  Mr, 
Simpfon  a vifit ; from  whom  lie  learnt,  that  he  hah  a 
little  before  printed  a piece  eu  that  fubjeA,  a copy 
of  which  Mr.  Simpfon  afterwards  received  as  a prelent, 
and  found  in  it  the  fame  things  demonftrated,  to  wiiicli  he 
himfelf  had  direAed  his  enquiry,  befides  feveral  others. 

The 
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The  facility  of  the  method  Mr.  Simpfon  fell  upon, 
and  the  cxtenfivenefs  of  it,  will  in  Tome  meafure  appear 
from  this,  that  it  not  only  determines  the  motion  of  the 
ape-'ee,  in  the  fame  manner,  and  with  the  fame  eafe,  as 
the  other  equations,  but  utterly  excludes  all  that  dan- 
gerous kind  of  terms  that  had  embarralfed  the  greatefl 
mathematicians,  and  would,  after  a great  number  of 
revolutions,  entirely  change  the  figure  of  the  moon’s 
orbit.  From  whence  this  important  confeqnence  is  de- 
rived, that  the  moon’s  mean  motion,  and  the  greatefl: 
quantities  of  the  feveral  equations,  will  remain  un- 
changed, unlefs  diflurbed  by  the  intervention  of  fome 
foreign  or  accidental  caufe.  Thefe  trads  arc  infci  ibed 
to  the  Earl  of  Macclesfield,  Prelident  of  the  Royal  So- 
ciety. 

Befides  the  foregoing,  which  are  the  whole  of  the 
regular  books  or  treatifes  that  were  publi filed  by  Air. 
Simpfon,  he  wrote  and  compofed  feveral  other  papers 
and  fugitive  pieces,  as  follow  : 

Several  papers  of  his  were  read  at  the  meetings  of 
the  Royal  Society,  and  printed  in  their  Tranfaftions  : 
but  as  mod,  if  not  all  of  them,  were  afterwards  in- 
ferted,  with  alterations  or  additions,  in  his  printed  vo- 
lumes, it  is  needlefs  to  take  any  farther  notice  of  them 
here. 

He  propofed,  ami  refolved  many  queflions  in  the 
X.adies  Diaries,  &c;  fometimes  under  his  own  name, 
as  in  the  years  1735  and  1736;  and  fometimes  under 
feigned  or  fidlitious  names ; fuch  as,  it  is  thought, 
Hurlothrumbo,  Kubernetes,  Patrick  O’Cavenah,  Mar- 
madiike  Hodgfon,  xAnthony  Shallow,  Efq,  and  pro- 
bably feveral  others;  fee  the  Diaries  for  the  years  173  5, 
1736,  42,  43,  33,  54,  55,  56,  57,  5S,  59,  and  60. 
Mr.  Simpfon  was  alfo  tlie  editor  or  compiler  of  the 
Diaries  from  the  year  1794  till  the  year  1760,  both 
inclufive,  during  which  time  he  raifed  that  work  to 
the  higheft  degree  of  refpedl.  He  was  fucceeJed  in  tlie 
Editorfliip  by  Mr.  Edw.  Rollinion,  See  my  Diarian 
Mifcellany,  vol.  3. 

^ It  has  alfo  been  commonly  fuppofed  that  he  was  tlie 
real  editor  of,  or  had  a principal  ihare  in,  two  other 
periodical  works  of  a mifcellaneons  mathematical  na- 
ture ; VIZ,  the  Mathematician,  and  Turner’s  Mathe- 
matical Exercifes,  two  volumes,  in  8vo,  which  came 
out  in  periodical  numbers,  in  the  years  I'^yo  and  1751, 
&c.  The  k.tter  of  thefe  leems  efpecially  to  have  been 
fet  on  foot  to  afford  a proper  place  for  expofing  the 
errors  and  abfurdities  of  Mr.  Robert  Heath,  the  then 
Gondudfor  of  the  Ladies  Diary  and  the  Palladium  ; and 
which  controverfy  between  them  ended  in  the  difgrace 
of  Mr.  Death,  and  expulfiou  from  his  office  of  editor 
to  the  Ladies  Diary,  and  the  fubllitution  of  Mr.  Simp- 
fon in  his  feead,  ‘in  the  year  1753* 

In  the  year  1760,  vrhen  the  plans  propofed  for  ere£l- 
ing  a new  bridge  at  Hlackfriars  were  in  ag-itation,  Mr. 
Simpfon,  among  other  gentlemen,  was  confulted  upon 
the  bed  form  for  the  arches,  by  the  New-bridp-e  Com- 
mittee.  Upon  this  occafion  he  gave  a preference  to  tlie 
femieircukr,  form  ; and,  bendes  his- report  to  the  Com- 
mittee, fome  letters  alfo  appeared,  by  himlelf  and 
others,  on  the  fame  fubjedf,  in  the  public  news- 
papers, particularly  in  the  Daily  Advertiler,  and  in 
Lloyd’s  Evening  Pod.  The  fame  ncre  alio  eolleded 

m the  Gentleman’s  Magazine  for  that  year,  page  143 
and  144. 
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It  is  probable  that  this  reference  to  him,  gave  occa- 
don  to  the  turning  his  thoughts  more  ferioufly  t®  this 
fnbjeT,  fo  as  to  form  the  defign  of  compofiug  a regular 
treatife  upon  it  ; for  his  family  have  often  informed  me, 
that  he  laboured  hard  upon  this  work  for  fome  time 
before  his  death,  and  was  very  anxious  to  have  com- 
pleted it,  frequently  remarking  to  them,  that  this 
work,  wffien  publidied,  would  procure  him  more  credit 
than  any  of  his  former  publications.  But  he  lived  not 
to  put  the  fiiiiffiing  hand  to  it.  Vv^hatever  he  wrote 
upon  this  fiibjea,  probably  fell,  together  with  all  his 
other  remainingpapers,  into  the  hands  of  major  Henry 
Watlon,  of  the  engineers,  in  the  fervice  of  the  India 
Company,  being  in  all  a large  died  full  of  papers. 
Phis  gentleman  had  been  a pupil  of  Mr.  Simpfon’s,  and 
had  lodged  in  his  houiffi.  After  Mr.  Simpfon’s  death, 
hir.  Watfon  prevailed  upon  ttie  widow  to  let  him  have 
the  papers,  promiiing  either  to  give  her  a fum  of  money 
foi  them,  or  elfe  to  print  and  publiffi  them  for  her  be- 
nefit, But  neither  of  thefe  was  ever  done ; this 
gentleman  always  declaring,  when  urged  on  this  point  " 
myfelf  and  otliers,  that  no  ufe  could  be  made  of  any 
of  the  papers,  owing  to  tf’.e  very  imperfed  ftatc  in  which  - 
he  faid  tiiey  w-eie  left.  And  yet  he  pei filled  in  his  re- 
fufai  to  g ive  them  up  again. 

Froni  Mr.  Simpfon’s  writings,  I now  return  to  him- 
felf.  Through  the  intcred  and  folicitations  of  the  be-- 
lorementioned  \\  luiam  Jones,  Elq,  he  was,  in  1743, 
appointed  profedor  of  mathematics,  then  vacant  by 
tlie  death  of  Mr.  Dtrham,  in  the  Royal  xA.cademy  at- 
Wooiwieh  ; his  w'arrant  bearing  date  Augud  zjtb. 
And  in  1745  he  was  admitted  a fellow  of ^he  Royal- 
Society,  having  been  propofed  as  a candidate  bv 
Martin  Folkes,  Efq.  Prefident,  William  Jones,  Eiq. 
Mr.  George  Graham,' and  Mr.  John  Machin,  Secre- • 
tary  ; all* very  eminent  mathematicians.  The  prefident 
and  council,  in  confideration  of  his  very  moderate  cir- 
cumdances,  were  plcafed  to  excufe  his  admiffion  fees,, 
and  like  wile  his  giving  bond  for  the  fettled  future  pay- 
ments. ' 

At  the  academy  he  exerted  his  faculties  to  the  ut- 
mod,  in  lukiucling  the  pupils  who  were  the  immedi- 
ate objeCls  of  his  duty,  as  well  as  others,  whom  the 
fuperior  officers  of  the  ordnance  permitted  to  be  board- 
ed and  lodged  in  his  hoiife.  In  his  manner  of  teacll- 
ing,  he  had  a peculiar  and  happy  addi efs  ; a certain- 
dignity  and  peifpicuity,  tempered  with  fuch  a degree 
of  mildiiefs,  as  engagedboth  the  attention,  elteem  and 
fricnaihip  of  his  fcholars  ; of  whicli  the  good  of  tlie 
fervice,  as  well  as  of  the  community,  was  a iieccd’ary 
confequence. 

It  mud  be  acknowledged  however,  that  his  mildnefa 
and  eadnefs  of  temper,  united  with  a more  inadlivs 
llate  of  mind,  in  the  latter  years  of  his  life,  rendered 
his  fervices  lefs  ufetul ; and  the  fame  very  eafy  difpofi- 
tion,  with  an  innocent,  unfufpedling  fiinplicity,  and 
playfulnefs  of  mind,  rendered  him  often  the  dupe  of  the 
little  tricks  of  his  pupils.  Having  difcovered  that  he 
v’as  fend  of  lidening  to  little  amuhng  dories,  they  took 
care  to  funvifh  themfelves  with  a dock  ; fo  that,  hav- 
ing  negledled  to  learn  their  lefTons  perfedl,  they  vvouij 
get  round  him  in  a crowd,  and,  indead  of  demonllrat- 
ing  a propofition,  would  amufe  him  with  fome  comical 
dory,  at  which  he  would  laugh  and  fliake  very  heartily, 
clpecially . if  it  were  tindtured  with  fo.mewhat  of 'rhe 
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'XudicTOiis  or  rrmitty  ; by  wbicli  aevice  tocy  would  con- 
.trive  imptrceptibly  to  wear  out  tlie  hours  allotted  tor 
.inftrnaioii,  and  fo  avoid  the  trouble  oneaimug  ar.d 
■ reoeating  their  leffon.  They  tell  alfo  or  various  tricks 
.thatweie  praaifed  upon  him  in  coiifequence  of  the 
iofs  of  his  memory  ia  a great  degree,  ill  the  latter  ii-age 

It  has  been  faid  that  Mr.-Simpfon  frequented  low 
^ company,  with  whom  he  ufed  to  guzzle  porter  ar.d 
rvjn  ■ but  it.  mull  beoWerved  that  the  mifconduct  oi  lus 
family  put  it  out  of  his  power  to  keep  the  company  ol 
of  pcntleraeii,  as  well  as  to  procure  better  liquor. 

In  the  latter  flage  of  hisexiaeuce,  when  his  life  was 
• in  Ganger,  exercife  and  a proper  regimen  were  pre  enb- 
cd  him,  but  to  little  putpofe  ; for  he  fumt  gradually  in- 
to fuch  a lowncfsof  fpirits,  as  often  in  a manner  de- 
prived him  of  his  mental  faculties,  and  at  lalt  ren.-eied 
trim  incapable  of  performing  his  duty,  or  even  of  read- 
hip-  the  letters  of  his  friends;  -and  lo  triding  an  acci- 
^deiit  as  the  dropping  of  a tea-cup  would  Hurry  him  as 
much  as  if  a houiehad  tumbled  down. 

The  phyficians  advifed  his  native  air  for  his  reco- 
very ; and  In  February,  1761,  he  fet  out,  with  much 
‘Ttludlance  (believing  he  lliould  never  return)  foi  bo  - 
worth,  along  with  feme  relations.  The  journey /a- 
ti^'-ned  him  to  fuch  a degree,  that  upon  his  arrival 
be  betook  himfelf  to  his  chamber,  vyliere  lie  grew 
continually  worfe  and  worfe  to  the  day  or  bis 
death,  which  happened  the  J4th  of  Mat , in  the  hh)- 

firR  year  of  his  age.  . ^ 

SINE,  or  Sine,  of  an  arc,  m 1 ngonometry, 

a rio-ht  line  drawn  from  one  extremity  of  the  are, 
perp^’endicular  to  the  radius  drawn  to  the  other  extremity 
of  it  : Or,  it  is  half  the  chord 
of  double  the  arc.  Thus  the 
line  DE  is  the  fine  of  tlie  arc 
BD;  either  becaiife  it  is 
drawn  from  one  end  D of  that 
arc,  perpendicular  to  .CB  the 
radius  drawn  to  the  other  end 
B of  the  arc  ; or  alfo  becaufe 
vit  is  half  the  chord  DF  of 

double  the  arc  DBF.  Foi  the  „.Pi'rh 

,{,mc  leafon  alfo  DE  is  the  bmc  of  the  arc  AD,  wluch 

is  the  fuppleraentof  BD  to  a femicircle  or  i8o  ; 

that  Is,  CTcry  Sine  Is  common  to  two  arcs,  which  are 

.tnai  , j .1  film  m?i.ke  iin  a 
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luppk;edsL  each  other,  or  whefe  fum  make  up  a 

femicircle,  or  i‘8o  oegrees.  Tt 

Hence  the  Sines  increafe  always  from  nothing  at 
till  they  become  the  radius  CG,  which  is  the  greate  , 
beino-  the  Sine  of  the  quadrant  EG.  From  hence  they 
decr?afe  all  the  way  along  the  fecond  quadrant  from  G 
to  A,  till  they  quite  vanifh  at  the  ^ 

fltewiiigthat  the  Sir.e  of  the  femicircle  EGA,  or  ibo 
kprees,  is  nothing.  After  this  tiiey  are  ^’1 

tlmway  along  the  next  femicircle,  or  jd  and  4th  qua- 
drants TfB,  being  drawn  on  the  oppofite  fide,  or 

downwards  from  the  diameter  AB.^  r 

IVhok  Sine,  or  Sinus  Toius,  is  tne  Sine  o t e q G- 
drant  EG,  or  of  90  degrees  ; that  is,  the  Whole  Si 

is  the  fame  with  the  radius  CG. 

&M-Cowphmtnt,  or  Cofme,  Is  the  fine  of  an  arc 

EG  which  is  the  complement  of  another  arc  BD, 
f 5’adrant.  That  is,  tile  line  DH  is  tl- Cofme  o the 
arc  ED,;  becaufe  it  is  the  line  of  DG  which  is  the 
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complement  of  BD.  And  for  the  fame  reafon  DE  is 
the  Cofme  of  DO.  Hence  the,  fine  and  Cofme  and 
radius,  of  anv  arc,  form  a right-angled  tnang.e 
or  CDFI,  of\diich  the  radius  CD  is  the  hypotenufe; 
and  therefore  the  fqnare  of  the  radius  is  equal  to  the 
fum  of  the  fquares,  of  the  fine  and  Cofme  of  any  arc, 
tliat  is,  CD^  =:  CE"  + ED^  or  CH^  + DH^^ 

It  is  evident  that  the  Cofine  of  o or  nothing,  is  tne 
xvhole  radius  CB,  From  B,  wTere  this  Co  fine  is  great- 
ell,  the  Cofirie  dccreafe-s  as  the  arc  mcrealcs  horn  ii 
along  the  quadrant  BDG,  till  it  become  o for  the  com- 
plete  quadrant  EG.  After  this,  the  Co  fines,  de- 
creafincr,  become  negative  more  and  more  all  the  way  to 
the  complete  femicircle  at  A.  Bhen  the  Colines  in-  , 
creafe  again  all  the  wmy  from  A through  I to  B ; at  I 
the  negation  is  deltroyed,  and  the  Cofme  is  equal  to  o 
or  nothing  ; from  I to  B it  Is  pofitive,  and  at  B it  is 
again  become  equal  to  the.  radius-  So  that,  in  gene- 
rid,  "the  Cofines  In  tlie  J H and  4th  quadrants  are  poii- 
tive,  hut  in  the  2d  and  3d  negative. 

/WyerZ-SiNE,  is  the  part  of  the  diameter  between  the 
fine  and  the  arc.  So  BE  is  the  Veried  Sine  of  tlm  aic 
BD,  and  AE  the  Verfed  Sine  of  AD,  alfo  GFlthe 
Verfed  Sine  of  DG,  &c.  All  Verfed  Tines  are  affir- 
matlvc.  The  fum  of  the  Verfed  Sine  and  cofine,  of 
anv  arc  or  angle,  is  equal  to  the  radius,  that  is, 
BE  + EC  = AC.— ■ file  fine,  cofme,  and  Veried 
Sine,  oT  an  arc,  are  alfo  the  fame  of  an  angle,  or 
the  number  of  degrees  &c,  wdiich  it  meafures. 

The  Sines  &c,  of  every  degree  _ and  minute  in  a 
quadrant,  are  calculated  to  the  radius  I,  and 
in  tables  for  life.  But' becaufe  operations  with  thele 
natural  Sines  require  much  labour  iii  multiplying  ^and 
dlvldincr  by  them,  the  logailthms  of  thern  are  taoien, 
and  ranged  in  tables  alio  ; and  thefe  logarithmic  Sines 
are  commonly  ufed  in  praaice,_  inilead  of  the  naUiral 
ones,  as  they  require  only  additions^  and  iubti  actions, 
inilcad  of  the  multiplications  and  divifions.  For  the 
method  of  conftruTing  the  fcales  of  Sines  &c,  fee  the 

article  Scx\le.  ^ ^ 1 

The  Sines  were  introduced  into  trigonometry  by  the 

Arabians.  And  for  the  etymology  of  the  wmrd  ^ 
fee  Introduaion  to  my  Logarithms,  pa.  17  &c.  And 
the  various  ways  of  calculating  tables  of  the  Sines,  may 
be  feen  in  the  fame  place,  pa.  13  &c. 

Theorems  for  the  Sines,  Cofme s,  one  from  another. 

From  the  definitions  of  them,  and  the  common  proper- 
ty of  right-angled  triangles,  with  that  of  the  circle,  viz, 
thatDE^  = CD^~CE^  = AE  X EB_,  are  eafily  de- 
duced thefe  following  values  of  the  Sines,  &c,  viz, 


B 


putting 


s — the  fine  DE, 
c — the  cofine  CE, 

<v  — verfed  fine  BE, 

"Y  fuppl.  veiFt'd  Imc  AE, 
r — radius  AC  or  CB, 
a ~ arc  BD  ; then 
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5c  c. 


+ 


i.3.c;j'7 

■ - - r 

2, 4.6. 7 


See. 


From  fome  of  the  foregoing  theorems  the  Sines  of  a 
great  variety  of  angles,  or  number  of  degrees,  may  be 
computed.  Ex,  gr.  as  below. 

Angles. 

90® 

7S' 

' 72 


Log.  j*  = log.  ^ — M ( — H — 4- 


a 


See) 


6 180  2835  ‘ 37800 

or  Log.  s = i-  2M  -h  + lA  Sec) 

or  Log.  j n:  — zM  (z  + |z3  1^5  4. 


I — s 


when  ss  = , radius  i,  and  M :=  *43429448  &c. 


I + j- 


If  A be  any  other  arc,  S its  fine,  and  C its  cofine.  Then 


Sin.  A -i-  a = 


S c 4“  s C 


r 


. Cof.  A 4-  iZ  =: 


Cr  - S. 


Sin.  A — az= 


Sc  — j-C 


. Cof.  A — a ~ 


Cc  4“  S X 


Sin,  A X cof,  a — lin.  A — fz  4~  b hn.  A 4~  c?. 


67  i- 

60 

54 

4> 

3^ 

30 
22 1 

18 

15 


Sines, 

r 

ir^/z  4-  v'3  = r X 

■i..^X5  + \/5 

^ 2 

2 4-  a/  z 

iWl 


ir'/l±Al 


r X 


k/c,  + I 


4 


9 — \/> 


i-- 


ir\/  2 — -v/2 

= r X 

2 4 

I 4/7 T"  a/6  — a/2 

4rV/  2->v/3==rx-  ^ 


4 


oin.  A X fin,  a ^ „ cof.  A a ^ cof.  A + cr.  Radius  being  i.  Then  for  multiple  arcs: 


Cof.  A X cof.  a — cof. 


A — a 


4-  cof.  ^ the  Sin.  « 4-  i.<2  rr  2c  X fin.  na  — fin.  « — i.<7, 


If /j  = 2*713281828  5cc,  the  number  whofe  hyp.  loc^. 
i-s  I ; then  " 


Sin.  a ■=z  s — 


Cof.  <2  = c rr 


A I 


« A.: 


2 -v/-I 

+ h 


and  Cof.  «4-i*'2  = 2cx  cof.  na  — cof.  « — 1 »a; 

That  is,  multiplying  any  Sine  or  cofine  by  2c,  and  the 
next  preceding  Sine  or  cofine  fubti-aded  from  it,  it 
gives  the  next  follovdng  Sine  or  cofine.  Hence 


•a  A-  r 


fin.  Oa  = O. 
fin.  a ■=■  s. 
fin.  2a  =1  2xc, 
fin.  '^a  =z  '^sc'^  — j?. 


See  many  other  curious,  expreffions  of  this  kind  in  fm.  4a  = asc^  - A. 
Bougainville’s  Calcul  Integral,  and  In  Bertrand’s  Ma-  fin.  ca=  erf-  lof  f + f . 
tiicni^tics*  • 


cof.  Oi«  = I or  radius, 
cof.  a — c. 
cof.  la  — A — , 

cof.  312  — c3  — 3 cx^. 
cof.  4<2  = c'*'  — 6c^c2  + s*, 
cof.  5lZicrcS  — . 10  C^J*4-5CX'^. 
&:c. 


And,  in  general, 


Sin.  na  =. 


nsc 


n - I 


ft.  n I . « — 2 


3.11-3 


[.2.3 


X-’C 


+ 


n . n — T.  n — 2.  72  — 3.  4 


1 . 


3 • 4 • 5 


Ac"“^  Sec. 


o*  77.  71^  — A 77.  A — I^.  — 22 

or  Sin.  na  = ns  --  — ^3  4.  ^ 


3^  , 

— _ t*  » 


2 • 3 


2 . 3 . 4.5 


x’’  Sec. 


Cof.  t,a  =-c-  - — ~ if  -1-  I • « - 2-  ” 


+ 


TV 


n.  77'*'  — 2' 


or  Cof.  na  •=.  i 4- 

2 2.3.4 


2.3.4 
7/^ . A — 2^.  77®  — 4.- 

2 .•  3 . 4 . 5 . 6 


j^c'* * 5i.c# 


x^  See, 


Sin.  \ a — r\/^  ^ 


7 — . And  cof.  \a  — r \/ 


7*  4-  c 

2>* 


Radius  being  r. 


Of  th€  Talks  of  Sines y iffc. 


of  the  Sines,  taugents,  and  fepawts,  in  fractions  of  it. 
. . . From  Ptolomy’s  Almagell  we  learn,  that  the  ancients 

n eitimating  the  quantity  of  the.  Sines  &c,  we  af-  divided  the  radius  into  60  parts,  which ‘iHey  called  de- 

ume  la  lus  for  unity  ; and  then  compute  the  quantity  grees,  and  thence  cletermined  the  ^chords  in  mi- 

■ 3 N nutes. 
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Sin.  72  -f  I.  <3  m 2 iT  X fin.  na  — fin.  « — 1, 


r.utc?,  fcconds,  and  thirds ; that  Is,  in  fesagefimal 
fractions  of  the  radius,  which  they  likewife  uied  in 
the  refolution  of  triangles.  As  to  the  Sines,  tangents 
and  fecants,  they  are  modern  inventions ; the  Sines 
being  introduced  by  the  Moors  or  Saracens,  and  tlie 
tangents  and  fccants  afterwards  by  the  Europeans.  vSee 
introd.  to  riiy  Logs.  pa.  i to  19., 

Regiomontanus,  at  fir  ft,  with  the  ancients,  divid- 
ed the  radius  into  60  degrees  j and  determined  the  Sines 
of  tiie  feveral  degrees  in  decimal  fractions  of  it.  But 
he  afterwards  found  it  would  be  more  convenient  to  af- 
fume  1 for  radius,  or  i with  any  number  of  cyphers, 
and  take  the  Sines  in  dceimal  parts  of  it ; and  thus 
he  introduced  the  prefent  method  in  trigonometry.  In 
this  v/ay,  different  authors  have  divided  the  radius  into 
more  or  fewer  decimal  parts  ; but  in  the  common  tables 
of  Sines  and  tangents,  the  radius  is  conceived  as  divided 
into  looocooo  parts  ; by  which  all  tlic  Sines  are  cfti- 
mated. 

An  idea  of  fome  of  the  modes  of  conftruCting  the 
tables  of  Sines,  may  be  conceived  from  what  here  fol- 
lows : Firft,  by  common  geometry  the  Tides  of  fome  of 
the  regular  polygons  inferibed  in  the  circle  are  comput- 
ed, from  the  given  radius,  which  will  be  the  chords  of 
certain  portions  of  the  circumference,  denoted  by  the 
number  of  the  Tides  ; viz,  the  fide  of  the  triangle  the 
chord  of  the  3d  part,  or  120  degrees  ; the  fide  of  the 
pentagon  the  chord  of  the  5th  part,  or  72  degrees  ; 
the  fide  of  the  hexagon  the  chord  of  the  6th  part, 
or  60  degrees  ; the  fide  of  the  oAagon  the  chord  of 
the  8th  part,  or  45  degrees  ; and  fo  on.  By  this  means 
there  are  obtained  the  chords  of  feveral  of  fuch  arcs ; 
and  the  halves  of  thefe  chords  will  be  the  Sines 
of  the  halves  of  the  fame  arcs.  Then  the  theorem 

™ i — will  give  the  cofines  of  the  fame  half 
arcs.  Next,  by  bifedfing  thefe  arcs  continually,  there 
will  be  found  the  Sines  and  cofines  of  a continued  fe- 
riesas  far  as  we  pleafe  by  thefe  two  theorems, 

Sin.  \ a ■=.  ; and  cof,  \a  •=. 

2 2 

Then,  by  the  theorems  for  the  Turns  and  differences  of 
arcs,  from  the  foregoing  feries,  will  be  derived  the  Sines 
and  cofines  of  various  other  arcs,  till  we  arrive  at 
length  at  the  arc  of  i. or  i &c,  whofe  Sine  and 
cofine  thus  become  known. 

Or,,  rather,  the  fine  of  1 minute  will  be  much  more 
eafily  found  from  the  feries 

s :=z  a &c, 

6 i 20 

becaufe  the  arc  is  equal  to  its  Sine  in  fmall  arcs ; 
W'hence  j = a only  in  fuch  fmall  arcs.  But  the  length  of 
the  arc  of  180^^  or  10800^  is  known  to  be  3*1.4  159265, 
R’C ; therefore,  by  proportion,  as  10800':  : : 

3*141 5'9255  : 0*0002908882  nr  a the  arc  or  j-  the  fine 
of  ih  which  number  is  true  to- the  laft  place  of  deci- 
mals. Then,  for  the  cofine  of  l b it  is  2:  = 

==-  0*9990999577  the  cofine  of  the  fame  i'. 

Hence  we  fhall  readily  obtain  the  Sines  and  cofines 
of  all  the  multiples  of  E,  as  of  2',  3/  4/  <$ec,  by 

&he  application  of  thefe  two  theorems, 


Cof.  72  -r  I.  <2  = 2 c X cof.  na  •—  cof.  « — i.  a ", 

for  fuppofingw/ r=  thearcof  i,  then  c=r  0*9999999577,. 
and  taking  n fucceffively  equal  to  I,  z,  3,  4,  &c,  the 
theorems  for  ihe  Sines  and  cofines  give  feverally  the 
Sines  and  cofiues  of  i \ i \ 3^,  4',  &c  ; viz,  the  Sines 
thus  ; 

fin.  -r=  *0002908882 

fin.  2'  rr  2 <:  X fin.  — -fin.  d — *0003817764 
fin.  3^  rr  Z C X fin.  2' — fin.  I ''  rr  *0008726645 
fin.  4^  rn  2r  X fin.  3' — fin,  ~ *00 1 1635526 
fin.  5'rr  ZC  xfin.4' — fin.  3'  = *0014544406' 

Bic. 

And  the  Cofines  thus, 

cof.  T = r *9999999)77' 

cof.  2'=  2c  X cof.  1'  — cof.  o'  — *9999998308 
cof.  3’  = 2,  C X cof.  2^  — cof.  'l'  rr  *9999996192 
cof.  4^  = 2 C X cof.  3'  — cof.  2'  — ‘9999993^31 
cof.  5/  — 2C  X cof.  4^  — cof.  3'  — *9999989425 
&;c. 

In  this  manner  then  all  the  Sines  and  cofines  are 
made,  by  only  one  conftant  mulLiplication  and  a fub- 
tradfion,  up  to  30  degrees,  forming  thus  the  Sines  - of 
the  firft  and  lall  30  degrees  of  the  quadrant,  or  from 
o to  30°  and  from  60°  to- 90°;  or,  which  will  be  much 
the  fame  thing,  the  Sines  only  may  be  thus  computed 
all  the  way  up  to  60'®. 

Then  the  Sines  of  the  remaining  30°,  from  60  to  90? 
will  be  found  by  one  addition  only  for  each  of  them, By 
means  of  this  theorem,  viz, 

Sin.  60  T <2  = fin.  60  — 4-  fin.  a ; . 

that  is,  to  the  fine  of  any  arc  below  60°,  add  the  Sine 
of  its  defcdl  below  60,  and  the  fum  will  be  . the  Sine 
of  another  arc  which  is  juft  as  much  abqve  60. 

The  Sines  of  all  arcs  Being  thus  found,  they  give 
alfo  very  eafily  the  verfed  fines,  the  tangents,  and  the 
fecants.  The  verfed  fines  are  only  the  arithmetical 
complements  to  i,  that  each  cofine  taken  from 'the 
radius  i . 

The  tangents  are  found  by  thefe  three  theorems  : 
j.  As  cofiiie  to  fine,  fo  is  radius  to  tangent. 

2,  Radius  is  a mean  proportional  between  the  tan«- 
gent  and  cotangent. 

3.  Half  the  difference  between  the  tangent  and  co- 
tangent, is  equal  to  the  tange-nt  of  the  difference  be- 
tween the  arc  and  its  complement.  Or,  the  fum  arifing 
from  the  addition  of  double  the  tangent  of  an  arc  with 
the  tangent  of  half  Its  complement,  is  equal  to  the 
tangent  of  the  fum  of  that  arc  and  the  laid  half  com* 
plement. 

By  the  iff  and  ad  of  thefe  theorems,  the  tangents 
are  to  be  found  for  one.half  of  the  quadrant  then  the 
other  half  of  them  will  he  found  by  one  Tingle  addition, 
or  fubtradlion,  for  each,  by  the  3d  theorem. 

This  done,  the  fecants  will  be  all  found  by  addition 
or  fubtradfion  only,  by  thefe  two  theorems  : liL  The 
fecant  of  an  arc,  is  equal  to  the  fum  of  its  tangent  and 
the  tangent  of  half  its  complement.  2nd,  The  fecanft 

of 
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6l  an  arc,  is  equal  to  the  difference  between  the  tan-^ 
gent  of  that  arc  and  the  tangent  of  the  arc  added  to 
'half  its  complement. 

ylrtificial  8'nes,  are  the  logarithmic  Sines,  or  the 
logarithms  of  the  Sines. 

Curve  or  Figure  of  Sines.  See  Fi6ure  of  the 
SiueSf  teJo.'  io  what  is  thei'e  faid  of  the  figure  of  the 
Sines,  may  be  here  added  as  follo\^  s,  from  a propierty 
juft  given  above,  viz,  if  .r  denote  the  abfcifs  of  this 
curve,  or  the  correfponding  circular  arc,  and  j-  its  or- 
■■'dinate,  or  the  Sine  of  that  arc  ; then  the  equation  of 
the  curve  will  be  this, 


y 


fin.  A*  — 


h 


.V/' 1 


-h 


-AT/ 


^V' 


I’yi  8281828,  &c,  the  number  whofe  hyp* 


•v.diere  h — 
log.  is  I. 

Line  c/  Sines,  is  a line  on  the  fedlor,  or  Gunter’s 
‘feale,  &c,  divided  according  to  thj  Sines,  or  exprefliiig 
the  Sines.  See  thofe  articles. 

Sine  of  Incidence^  or  of  Reflection^  or  of  Ref  radian,  is 
ufed  for  the  Sine  of  the  angle  of  incidence,  &c. 

SINICAL' is  a quadrant,  made  of  wood 
cr  metal,  with  lines  drawn  from  each  fide  inteiTefting 
one  another,  with  an  index,  divided  by  fines,  alfowith 
’-90  degrees  on  the  limb,  and  two  fights  at  the  edge, 
its  ufe  is  to  take  the  altitude  of  the  fun.  Inftcad  of 
the  fines,  it  is  fometimes  divided  all  into  equal  parts; 
and  then  it  is  ufed  by  feamen  to  refolve,  by  infpetlion, 
any  problem  of  plane  failing. 

SIPHON,  or  Syphon,  in  Hydraulics,  a crooked 
pipe  or  tube  ufed  in  the  railing  of  fluids,  emptying  of 
vefTels,  and  in  various  hydroftatical  experiments,  it  is 
othervvife  called  a crane. 

Wolfius  deferibes  two  vcffels  under  the  name  of  Si- 
phons ; the  one  cylindrical  in  the  middle  and  conical  at 
the  two  extremes  ; the  other  globular  in  the  middle, 
with  two  narrow  tubes  fitted  to  it  axis-wife  ; both  ferv- 
ing  to  take  up  a quantity  of  liquid,  and  to  retain  it 
when  up. 

But  the  moft  ufual  Syphon  is  that  which  is  here  re* 
prefented ; where  ABC  is  any 
crooked  tube,  having  two  legs  of 
unequal  lengths  ; but  fuch  how- 
ever that,  in  any  pofition,  the  per- 
pendicular altitude  BU,  of  B 
above  A,  uhen  AB  is  filled  with 
any  fluid,  the  v.'eight  of  that  fluid 
may  not  be  more  than  about  15 lb, 
upon  every  fquare  inch  of  tlie  bafe, 
or  equal  to  the  preflure  of  the  at- 
mofphere,  becaufe  the  preffure  of 
the  atmofphere  will  raife  or  fufpend  the  fluid  fo  high, 

' when  the  tube  is  exhaufled  of  air.  d'hls  height  is 
about  30  Inches  when  the  fluid  is  quickfilver,  and  about 
34  feet  when  it  is  water  ; and  fo  on  /or  other  fluids, 
■according^o  the  rarity  of  them, 

' To  ufe  the  Siphon,  in  drawing  off  any  flu  id  ; im- 
■merfe  the  fliorter  end  A into  the  fluid,  then  fuck  or 
^rav;  the  air  out  by  the  other  or  lower  end  C,  and  the 
fluid  will  prefently  follow,  and  run  out  by  the  Siphon, 
from  the  vefiel  at  A to  the  vcflcl  at  C ; till  fuch  time  as 
-the  furface  of  the  fluid  fink  as  low  as  the  orifice  at  A, 


w.icn  the  decanting  will  ceafe,  and  the  Siphon  will 
empty  itielf  of  the  fluid,  the  whole  of  that  which  is  in 
It  running  out  at  C.  The  principle  upon  which  the 
Siphon  acis,  Is  this  ; when  the  tube  is  exhaufled  of  air, 
the  prcfliire  of  the  atmofphere  upon  the  furface  of  tl.r 
fluid  at  1),  forces  it  into  the  tube  by  the  orifice  at  Av 
as  in  the  barometer  tube,  and  down  the  leg  BC,  if  B 
IS  not  above  the  furface  at  D mere  than  34  feet  for 
water,  or  30' inches  for  quickfilver,  &:c.  Here,  if  thf 
external  leg  of  the  Siphon  terminate  at  E,  on  a ho- 
rizontal level  with  the  imraerfed  end  at  A,  or  rather  on 
a level  with  the  water  at  D,  the  perpendicular  preflufes 
of  the  flnid  in  each  leg,  and  of  the  external  air,  againft 
each  orifice,  being  alike  in  both,  the  fluid  will,  be  at 
reft  in  the  Siphon,  completely  filling  it,  but  without 
running  or  preponderating  either  way.  But  if  the  ex* 
ternal  end  be  the  lower,  terminating  at  C,  then  the 
fluid  in  this  end  being  the  heavier,  or  having  more  pref* 
luie,  will  preponderate  and  run  out  by  the  orifice  at  C; 
this  would  leave  a vacuum  at  B but*  for  the  continual 
preftuie  of  tbic  atmofphere  at  D,  which  forces  the  fluid 
up  by  A to  B,  and  fo  producing  a continued  motion  of 
It  thiough  tiie  tube,  and  a difeharge  or  ftream  at  C. 

^ Inftead  of  fucking  out  the  air  at  C,  another  method 
IS,  fii  ft  to  fill  the  tube  completely  with  the  fluid,  in  an 
inverted  pofition  vvlth  the  angle  B downward  ; and, 
flopping  the  two  orifices  with  the  fingers,  revert  the 
tube  again,  and  Immergc  the  end  A in  the  fluid  ; then 
take  off  the  fingers,  and  immediately  the  ftream  com- 
mences from  the  end  C. 

Either  of  the  two  foregoing  methods  can  be  conveni- 
ently praHifed  when  the  Siphon  is  fmall,  and  eafily  ma- 
naged by  the  hand;  as  in  decanting  oft' liquors  from  cafl<s, 
Sic.  But  vvdien  the  Siphon  is  very  large, and  many  feet  in 
height,  as  in  exhaufting  vvater  from  a valley  or  pit,  the 
following  method  is  then  recommended  : Stop  the^ ori- 
fice C,  and,  by  means  of  an,  opening  made  in  the  top 
at  B,  fill  the  tube  completely  witfi  water  ; then  flop 
the  opening  at  B with  a plug,  and  open  that  at  C ; 
upon  which  the  water  will  prcfeiuly  flow  out  at  C,  and 


S I P [ 460  ] S L I 


fo  continue  till  that  at  A is  exhauftej.  And  this  me- 
thod of  conveying  water  over  a hill,  from  one  valley 
to  another,  is  .defcribed  by  Hero,  the  chief  author  of 
any  confecjiience  upon  this  fubje^f  among  the  An- 
cients. Butin  this  experiment  it  mult  be  noted,  that 
the  effedl  will  not  be  produced  when  the  hill  at  B is 
more  than  33  or  34  feet  above  the  furface  of  the  water 
A. 

In  an  experiment  of  this  kind,  it  is  even  faid  the 
water  in  the  legs,  unlefs  it  be  purged  of  its  air,  will 
not  reft  at  a height  of  quite  30  feet  above  the  water  in 
the  veflels ; becaufe  air  will  extricate  itfelf  out  of  the 
water,  and  getting  above  the  water  in  the  legs,  prefs  it 
downward,  fo  that  its  height  will  be  lefs  to  balance  the 
preffure  of  the  atmofphere.  But  with  very  fine,  or  ca- 
pillary tubes,  the  experinsent  will  fucceed  to  a height 
Hmevvhat  greater ; becaufe  the  attraction  of  the  mat- 
ter of  the  very  fine  tube  will  attradtthe  fluid,  and  fup- 
port  it  at  fome  certain  height,  independent  of  the  pref- 
iiire  of  the  atmofphere.  For  which  reafon  alio  it  is,  that 
the  experiment  fucceeds  for  fmall  heights  in  the  exbaiift-  ^ 
cd  receiver  ; as  has  been  tried  both  with  water ^and  mer- 
cury, by  Defaguliers'  and  many  other  philofophers. 
Exper.  Philof.  vol.  2,  pa.  168. 

The  figure  of  the  velfel  may  be  varied  at  pleafure, 
provided  tiie  orifice  C be  but  below  the  level  of  the 
furface  of  the  water  to  be  drawn  up,  but  ftill  the  far- 
ther it  is  below  it,  the  quicker  will  the  fluid  run  off. 
And  if,  in  the  courfe  of  the  efflux,  the  orifice  A be 
drawn  out  of  the  fluid  j all  the  liquor  in  the  Siphon 
will  iiTue  out  at  the  lower  orifice  C ; that  in  the  leg 
BC  dragging,  as  it  were,  that  in  the  fhorter  leg  AB 
after  it. 

But  if  a filled  Siphon  be  fo  difpofed,  as  that  both 
orifices,  A and  C,  be  in  the  fame  horizontal  line  ; the 
fluid  will  remain  pendant  in  each  leg,  how  unequal  fo- 
ever  the  length  of  the  legs  may  be.  So  that  fluids  in 
Siphons  feem,  as  it  were,  to  form  one  continued  body  ; 
the  heavier  part  defeending  like  a chain,  and  drawing 
the  lighter  after  it. 

The  Wirtemherg  Siphon,  is  a very  extraordinary 


machine,  performing  feveral  things  which  the  common 
Siphon  will  not  reach.  This  Siphon  was  projected  by 
Toi  dan  Pelletier,  and  executed  at  the  expence  of  prince 
Frederic  Charles,  adminiftrator  of  Wirtemberg,  by  his 
mathematician  Shaliackard,  who  made  each  branch  20 
feet  long,  and  fet  them  18  feet  apart  j and  the  deferip- 
tion  of  it  was  publifhed  by  Reifeliiis,  the  duke’s  phy- 
fician.  This  gave  occafion  to  Papin  to  invent  another, 
which  performed  the  fame  things,  and  is  defcribed  in 


the  Philof.  Tranf,  vol.  14,  or  Abr.  vol.  I.  Relfelius?. 
in  another  paper  in  the  fame  volume,  ingenuoufly  owns- 
that  this  is  the  fame  with  the  V/irtemberg  Siphon. 

In  this  engine,  though  the  legs  be  on  the  lame  level,, 
yet  the  ^vater  riles  up  the  one,  and  defeends  through  the' 
other  : The  w'ater  rifes  even  through  the  aperture  if 
the  lefs  leg  be  only  half  imrnerged  in  water ; The  Si- 
phon has  its  elfed  after  continuing  dry  a long  time  ; 
Either  of  the  apertures  being  opened,  the  other  remain- 
ing fliut  for  a whole  day,  and  then  opened,  the  water 
flows  out  as  ufual : Lafl'ly,  the  water  rifes  and  falls  in- 
differently through  either  leg. 

Muffehenbroek,  in  accounting  for  the  operation  of 
this  Siphon,  obferves  that  no  difeharge  could  be  made 
by  it,  unlefs  the  water  applied  to  either  leg  caufe  the 
one  to  be  fiiorter,  and  the  other  longer  by  its  own 
weight.  Introd.  ad  Phil.  Nat.  tom.  2,  pa.  853,  ed- 
4to.  1762. 

SIRIUS,  the  Dog-Jiar\  a very  bright  ffar  of  fhe. 
firft  magnitude,  in  the  mouth  of  the  confteliation  Cams 
Major f or  the  Great  Dog. 

This  is  the  brighteft  of  all  the  ftars  in  our  firraanent,: 
andtherefore  probably,  fays  Dr.  Maflcelyne,  the  aftro- 
nomer  royal,  tlie  neareff  to  us  of  them  all,  in  a paper 
recommending  the  difeovery  of  its  parallax,  Philof. 
T ranf  vol.  2,  pa.  889.  Some  however  fuppofe  Ardiu- 
riis  to  be  the  neareft. 

The  Arabs  call  it  Afehero,  EifchecrCf  Scera  ; the 
Greeks,  Sirius ; and  the  Latins,  Caniculay  or  Canis 
candens.  See  Canicula, 

This  is  one  of  the  earlieft  named  ftars  in  the  whole 
heavens.  Hefiod  and  Homer  mention  only  four  or 
five  conffellations,  or  ftars,  and  this  is  one  of  them.- 
Sirius  and  Orion,  the  Hyades,  Pleiades,  and  Ardlurus 
are  almoft  the  whole  of  the  old  poetical  aftronomy.- 
The  three  laft  the  Greeks  formed  of  their  own  obferva- 


tion,  as  appears  by  the  names  ; the  two  others  were 
Egyptian.  Sirius  was  fo  called  from  the  Nile,  orre  of 
the  names  of  that  river  being  Siris  ; and  the  Egyptians^ 
feeing  that  river  begin  to  fwell  at  the  time  of  a parti- 
cular rifing  of  this  ftar,  paid  divine  honours  to  the  ftar,. 
and  called  it  by  a name  derived  from  that  of  the  river,, 
exprefling  the  ftar  of  the  Nile. 

SITUS,  in  Algebra  and  Geometry,  denotes  the  fi- 
tuation  of  lines,  furfaces,  &c.  Wolfius  delivers  fome 
things  in  geometry,  which  are  not  deduced  from  the 
common  analyfis,.  particularly  matters  depending  oil- 
the  Situs  of  lines  and  figures.  Leibnitz  has  even 
founded  a particular  kind  of  analyfis  upon  it,  called 
Calculus  Situs, 

SKY,  theblue  expanfe  of  the  air  or  atmofphere. 

The  azure  colour  of  the  Iky  is  attributed,  by  New- 
ton, to  vapours  beginning  to  condenfe,  having  attained 
cenfiftence  enough  to  refledl  the  moft  reflexible  rays,, 
viz,  the  violet  ones  ; but  not  enough  to  refledf  any  of 
the  lefs  reflexible  ones. 

De  la  Hire  attributes  it  to  our  viewing  a black  oh- 
jedt,  viz  the  dark  fpace  beyond  the  regions  of  the  at- 
mofphere, through  a white  or  lucid  one,  viz  the  air  il- 
luminated by  the  fun  ; a mixture  of  black  and  white 
always  appearing  blue.  But  this  hypothefis  is  not  ori- 
ginally his;  being  as  old  as  Leonardo  da  Vinci. 

SLIDING,  in  Mechanics,  is  when  the  fame  point 
of  a body,  moving  along  a furface,  deferibes  a line  on 
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tliat  furface.  wSuch  is  the  motion  of  a parallelopipedon 
moved  along  a plane. 

From  Sliding  ariiea  fridlion. 

Sliding  /hv/e,  a mathematical  indrument  ferving to 
perform  computations  in  gauging,  rncafuring,  &c, 
without  the  ule  of  compaffes  ; merely  by  the  fiiding 
of  the  parts  of  the  inflrument  one  by  another,  the  lines 
and  divifions-of  which  give  the  anfwer  or  amount  by  in- 
fpeftion. 

This  indrument  is  varioufly  contrived  and  applied  by 
different  authors,  particularly  Gunter,  Partridge,  Hunt, 
Everard,  and  Coggedrall ; but  the  mod  ufual  and  ufe- 
ful  ones  aiHi  thofe  of  the  two  latter. 

Everard’ s Sliding  Rule  is  chiedy  ufed  in  caflc 
gauging.  It  is  commonly  made  of  box,  12  inches  long', 
I inch  broad,  and  -/b  of  an  inch  thick.  It  confifts  of 
three  parts  ; viz,  the  dock  jud  mentioned,  and  two  thin 
flips^  of  the  fame  length,  Hiding  in  (mall  grooves  in  two 
oppofite  Tides  of  the  dock  : confeq.uently,  when  both 
the(e  pieces  are  drawn  out  to  their  full  extent,  the  in- 
drument  is  3 feet  long. 

On  the  fil'd  broad  face  of  the  indrument  are  four  lo^ 
garithmic  lines  of  numbers  ; for  the  properties  &c,  of 
which,  fee  Gunter’s  lAne.  I’he  firll,  marked  A, 
confiding  of  two  radii  numbered  i,  2,  3,4,  5,  6,  7,  8, 
''p,  I ; and  then  i,  3,  4,  5,  See,  to  10,  On  this  line 
are  four  brafs  centre-pins,  two  in  each  radius  ; one  in 
each  of  them  being  marked  MB,  for  malt-bufhel,  is  fet 
at  2I50‘42  the  number  of  cubic  inches  in  a malt- 
Bulhel  ; the  other  two  are  marked  with  A,  for  ale-gal- 
ion,  at  282,  the  number  of  cubic  inches  In  an  ale  gal- 
lon. The  2d  and  3.d  lines  of  numbers  are  on  the  fiid- 
ing pieces,  and  are  exactly  the  fame  with  the  fird  ; but 
they  are  didinguifiied  by  the  letter  B.  In  the  fird  ra- 
dius is  a dot,  marked  Si,  at  '707,  the  fide  of  a fquare 
inferibed  in  a circle  whole  diameter  is  r.  Another  dot, 
marked  Ss.  dands  at  ‘886,  the  fide  of  a fquare  equal 
to  the  area  of  the  fame  circle.  A third  dot,  marked 
W,  is  at  231,  the  cubic  Inches  In  a wine  gallon.  And  a 
fourth,  marked  C,  at  3*14,  the  circumference  of  the 
fame  circle  whofe  diameter  is  i.  The  fourth  line  of 
numbers,  marked  MD,  to  fignify  malt-depth,  is  a 
broken  line  of  two  radii,  numbered  2,  10,  9,  8,  7,  6, 
5,  4,  3,  2,  I,  9,  8,  7,  ; the  number  i being  fet 

directly  againd  MB  on  the  fird  radius. 

On  the  fecond  broad  face,  marked  cd,  are  feveral 
lines:  as  id,  a line  marked  D,  and  numbered  i,  2,  3, 
kc,  to  10.  On  this  line  are  four  centre  pins  : the  firll, 
marked  WG,  for  wine-gauge,  is  at  17*15,  the  gauge- 
point  for  wine  gallons,  being  the  diameter  ©f  a cylin- 
der whofe  height  is  one  inch,  and  content  231  cubic 
indies,  ora  wine  gallon  : the  fecond  centre-pin,  marked 
AG,  for  ale-gauge,  is  at  iS'p^,  the  like  diameter  for 
an  ale  gallon ; the  3d,  marked  MS,  for  malt  fquare,  is 
at  46’3,  the  fquare  root  of  2150*42,  or  the  fide  of  a 
fquare  whofe  content  is  equal  to  the  number  of  inches 
in  a folldbufhel:  and  the  fourth,  marked  MR,  for 
malt-round,  is  at  52*32,  the  diameter  of  a cylinder,  or 
bufael,  the  area  of  whofe  bafe  is  the  fame  2 1 50*42,  the 
inches  in  a bufhel.  2dly,  Two  lines  of  numbers  on  the 
fiiding  piece,  on  the  other  fide,  marked  C.  On  thcle 
are  two  dots  ; the  one,  marked  at  *0795,  the  area 
of  a circle  whofe  circumference  is  i ; and  the  other, 
marked  at  *785,  the  area  of  the  circle  whofe  diame- 


ter is  I.  3dly,  Two  lines  of  fegments,  each  numbered 
I,  2,  3,  to  lOQ;  the  firft  for  finding  the  ullage  of  a 
cade,  taken  as  the  middle  frullum  of  a fpheroid,  lying 
with  its  axis  parallel  to  the  horizon  ; and  the  other  for 
finding  the  ullage  of  a cafic  handing. 

Again,  on  one  of  the  narrow  (ides,  noted  r,  are,  I fi , 
a line  of  inches,  numbered  i,  2,  3,  &c  to  12,  each 
fubdivided  into  10  equal  parts.  2dly,  A line  by  which, 
with  that  of  inches,  we  find  a mean  diameter  for  a-caff,. 
in  the  figure  of  ihe  middle  fruftum  of  a fpheroid  : it  is 
marked  6}y/6er(9/V/,  and  numbered  i,  2,  3,  &c  to  7.  3dly, 
A line  for  finding  the  mean  diameter  of  a cadv,  In  the 
form  of  the  middle  fruftum  of  a parabolic  fpindle,  which 
gangers  call  the  fecond  variety  of  cades  ; it  is  therefoie 
marked  Second  Variety,  and  Is  numbered  i,  2,  3,  Sic. 

4thly,  A line  by  which  is  found  the  mean  diameter 
of  a cade  of the  third  variety,  conlifting  of  the  fruftums 
of  two  parabolic  conoids,  abutting  on  a common  bafe  j 
it  is  therefore  marked  Third  Variety,  and  is  numbered 
1,  2,  3,  ScC. 

On  the  other  narrow  face,  marked  f,  are  iff,  a line 
of  a foot  divided  into  100  equal  parts,  marked  FM. 
2dly,  A line  of  inches,  like  that  before  mentioned, 
marked  IM.  3dly,  Aline  for  finding  the  mean  diame- 
ter of  the  fourth  variety  of  cades,  which  is  formed  of 
the  fruftums  of  two  cones,  abutting  on  a common  bafe. 
It  is  numbered  I,  2,  3,  &c  ; and  marked  FC,  for  fruf- 
tum of  a cone. 

On  the  backfide  of  the  two  fiiding  pieces  Is  aline  of 
inches,  from  12  to  36,  for  the  whole  extent  of  the  3 
feet,  when  the  pieces  are  put  endwife  , and  againlt 
that,  tlie  Gorrefpondent  gallons,  and  looth  parts,  that 
any  fmall  tub,  or  the  like  open  veffel,  will  contain  at  i 
inch  deep. 

For  the  various  ufes  of  this  inftrumdnt,  fee  the  authors 
mentioned  above,  and  mott  other  writers  on  Gauging. 

Coggejhair s Sliding  Rule  Is  chiefly  ufed  in  meafuring 
the  fuperficles  and  folidity  of  timber,  mafonry,  brick- 
work, &c. 

This  confifts  of  two  rulers,  each  a foot  long,  which 
are  united  together  in  various  ways.  Sometimes  they 
are  made  to  Hide  by  one  another,  like  glaziers’  rules  : 
fometimes  a groove  is  made  in  the  ftdeof  a common  two- 
foot  joint  rule,  and  a thin  fiiding  piece  in  one  fide,^  and 
Coggefhall’s  lines  added  on  that  fide  ; thus  forming  the 
common  or  Carpenter’s  rule  : and  fometimes  one  of  the 
two  rulers  is  made  to  fiide  in  a groove  made  in  the  fide 
of  the  other. 

On  tiie  Sliding  fide  of  the  rule  are  four  lines  of  num- 
bers, three  of  which  are  double,  that  is,  are  lines  to 
two  radii,  and  the  fourth  is  a fingle  broken  line  of 
numbers.  The  firft  three,  marked  A,  B,  C,  are  fi- 
gured I,  2,  3,  &c  top;  then  i,  2,  3,  &c  to  10; 
the  coiiftrudtion  and  ufc  of  them  being  the  fame  as 
thofe  on  Everard’s  Sliding  rule.  The  fingle  line,  called 
the  girt  line,  and  marked  D,  whofe  radius  is  equal  to 
the  two  radii  of  any  of  the  other  lines,  is  broken  for 
the  eaficr  meafuring  of  timber,  and  figured  4,  5,  6,  7, 
8,  9,  10,  20,  30,  &c.  From  4 to  5 it  is  divided  into 
10  parts,  and  each  10th  fubdivided  into  2 ; and  fo  on 
from  5 to  10,  &c. 

On  the  backfide  of  the  rule  are,  ift,  a line  of  inch 
meafiire,  from  i to  12  ; each  inch  being  divided  and 
fubdivided.  2dly,  A line  of  foot  meafure,  coiififting 

oi 


S'‘M 


[•  452  ] S M E 


■h(  one  Toot  divided  into  lOO  cqn'al  parts,  and  figured 
. to,  20,  30,  &c. 

The  backfide  of  the  ' fiiding  piece  is  divided  into 
inches,  halves^  &c,  and  figured  from  12  to  24;  fo  that 
when  the  ilide  is  out,  there  may  be  a rneafure  of  2 feet. 

In  the  Carpenter’s  rule,  the  inch  rneafure  is  on  one 
^ iide,  continued  rJlthe  way  from  i to  24,  wuentheiule 
is  unfolded,  and  fubdividcd  into  8ths  or  half-quarters  : 

• on  this  fide  are  alfo  forae  diagonal  fcales  of  equal  parts, 
'And  upon  the  edge,  tire  whole  length  of  2 feet  is  di- 
^'ided  into  200  equai  parts,  or  io>-/ths  of  a foot. 

SLING,  a firing  Infiriiment,  ferving  for  the  call- 

■ ing  of  ftorres  &c  with  the  greater  violence. 

Pliny,  lib.  76,  chap.  5,  attributes  the  invention  of 
the- Sling  to  the  Phoenicians  ; but  Vegfjtius  afcribes  it 
to  the  Inhabitants  of  the  Balearic  iflands,  who  were  ce- 

■ iebrated  in  antiquity  fo,r  the  dextrous  management  of 
It.  Florus  and  Strabo  fay,  thofe  people  bore  tlr.ee 
•kinds  of  Slings;  fome  longer,  others  fhovter,  which 

~ they  ufed  according  as  their  enemies  were  more  remote 
or  nearer  hand,  Diodorus  adds,  that  the  fir fi  fei  ved 

• them  for  a head-band,  the  2d  for  a girdle,  and  that  the 
third  they  eonfiantly  carried  with  them  in  the  hand. 
But  it  rnufi  be  impoffible  to  tell  who  were  the  firll  in- 
ventors of  the  Sling,  as  the  inftrument  is  fo  fimple, 
and  has  been  in  general  ufe  by  almo.fi  all  nations.  ^The 
inftrument  is  much  fpoken  of  in  the  wars  and  hiftoiy 
of  the  Ifraelites.  David  was  fo  expert  a {linger,  that 
he  ventured  to  go  out,  with  one  in  his  hand,  againfi 
the  giant  and  champion  Goliath,  and  at  a diftance 
firuck  him  on  the  forehead  with  the  fione.  And  there 
were  a number  of  left-handed  men  of  one  of  the  tribes 
of  Ifrael,  who  it  is  faid  could  Sling  a fione  at  an  liair’s 

The  motion  of  a fione  difeharged  from  a Sling  arifes 
^..from  its  centrifugal  force,  when  whirled  round  in  a cir- 
cle. The  velocity  with  which  it  is  difeharged,  is  the 
fame  as  that  which  it  had  in  the  circle,  and  is  much 
greater  than  what  can  be  given  to  it  by  the  hand  alone. 
-And  the  direction  in  which  it  is  difeharged,  is  that  of 
the  tangent  to  the  circle  at  the  point  of  difeharge. 
Whence  its  motion  and  effed  may  be  computed  as  a 
projedile. 

SLUSE,  or  Slusius  (Rene  Francis  IVaJter)  or 
-Tife,  a fmall  town  in  the  county  of  Liege,  where  he 
■enjoyed  honours  and  preferment.  He  then  became 
abb'e  of  Amas,  canon,  councellor  and  chancellor  of 
Lieo'e,  and  made  his  name  famous  for  his  knowledge  in 
theclop-y,  phyfics,  and  mathematics.  The  Royal  So- 
ciety of  London  eiedted  him  one  of  their  mpuhers,  and 
inferted  feveral  of  his  compofitions  in  their  Tranlac- 
tions.  Tliis  very  ingenious  and  learned  man  died  at 
Liege  in  i68  j,  at  63  years  of  age. 

Of  Shifius’s  works  there  have  been  publilhed,  <^ome 
learned  letters,  and  a work  intitled,  Mefolabiurn.et  Pro- 
bkmata  foTida  ; befide  the  following  pieces  in  the  Phi- 
iofophlcal  Tranfadions,  viz, 

1.  Short  and  Eafy  Method  of  drawing  Tangents  to 
all  Geometrical  Curves  ; vol.  7,  pa.  5143. 

2.  Dem.onfiration  of  the  fame;  vol.  8,  pa.  6059, 

6119.  _ o 

3.  On  the  Optic  Angle  of  Alhazen  ; vol.  o,  pa. 

.6139*  , 

SMEATON  (John),  F.  R.  S.  and  a very  cele- 


brated civil  engineer,  was  born  the  28th  of  May  1724, 
at  A.nllhorpe,  near  Leeds,  in  a houfe  built  by  his 
grandfather,  where  the  family  have  refided  ever  fince, 
and  where  our  author  died  the  28th  of  Odober  1792, 
in  the  63th  year  of  his  age. 

Mr.  Smeaton  feems  to  have  been  born  an  engineer. 
The  originality  of  his  genius  and  the  ftrength  of  his  im» 
derftaiiding  appeared  at  a very  early  age.  His  play-* 
things  were  not  tluife  of  children,  but  the  tools  men 
work  with  ; and  he  had  always  more  amnfement  in  ob- 
ferving  artificers  work,  and  afking  them  qiiefi ions,  t nan 
iii  any  thing  elfe.  Piaving  watched  fome  mih-wrights 
at ’.york,  he  was  one  day,  foon  after,  feen  (tothedifi 
trefs  of  his  family)  on  the  top  of  Ida  lather’s  barn,  fix- 
ing up  fomething  like  a windmill.  Another  time,  attend- 
ing fome  men  who  were  fixing  a pump  at  a neigbbour-- 
ing  village,  and  obferving  them  cut  off  a piece  of  bored 
pipe,  he  contrived  to  procure  it,  of  which  he  made 
a working  pump  that  adtually  raifed  water.  Thefe  anec- 
dotes refer  to  circumftances  that  happened  when  he  was 
hardly  out  of  petticoats,  and  probably  before  he  had 
reached  the  6th  year  of  his  age.  About  his  14th  or 
15th  year,  he  had  made  for  himfelf  an  engine  to  turn 
rofe-work  ; and  he  made  icveral  prefents  to  his  friends 
of  boxes  in  ivory  and  wood,  turned  by  him  in  that 
way. 

His  friend  and  partner  In  the  Deptford  Water- 
works, Mr.  John  Holmes,  an  eminent  clock  and 
watch  maker  in  the  Strand,  fays,  he  vifited  Mr.  Smea- 
ton and  fpent  a month  with  him  at  his  .father’s  houfe, 
in  the  year  1742,  when  confequently  our  author  was 
about  1 8 years  of  age.  Mr.  Holmes  could  not  but 
view  young  Smeaton^s  works  with  aiionifiiment  : he 
forged  his  own  iron  and  fteel,  and  melted  his  own  me- 
tals ; he  had  tools  of  every  fort,  for  working  in  wmod, 
ivory,  and  metals  : he  had  made  a lathe,  by  vvhich  he 
had  cut  a perpetual  ferew  in  brafs,  a thing  very  little 
known  at  that  day. 

Thus  had  Mr.  Smeaton,  by  the  firength  of  his  ge- 
nius, and  Indefatigable  indufiry,  acquired,  at  18  years 
of  age,  an  extenfive  fet  of  tools,  and  the  art  of  work- 
ing in  mofi  of  the  meclianical  trades,  without  the  afiifi- 
ance  of  any  mailer,  and  which  he  continued  to  do  a 
part  of  every  dav  when  at  the  place  where  his  tools 
were  : and  few  men  could  work  better. 

Mr.  Smeaton’s  father  was  an  attorney,  and  wasdefi- 
rous  of  bringing  him  up  to  the  fame  profeffion.  He 
therefore  came  up  to  London  in  17H?  fome 

time  attended  the  courts  in  Wcllminfier  Hall.  But 
finding  that  the  profeffion  of  the  law  did  not  fuit  the 
lent  of  his  gemus^  as  his  ufual  expreffion  was,  he  wrote 
a firong  memorial  to  his  father  on  the  fubjedt,  whole 
good  fenfe  from  that  moment  left  Mr,  Smeaton  to  pur- 
fue  the  bent  of  his  genius  in  his  own  way. 

Mr.  Smeaton  after  this  continued  to  refide  in  Lon- 
don, and  about  1770  he  commenced  phliofopbical  in- 
firuraent  maker,  which  he  contniued  for  fome  time, 
and  became  acquainted  with  mofi  of  the  Ingenious  men 
of  that  time  ; and  this  fame  year  he  made  his  firfi  com- 
munication to  the  Royal  Society,  being  anaccountof  Dr, 
Knight’s  improvements  of  the  mariner’s  compafs.  Con- 
tinuing his  very  ufeful  labours,  and  making  expeii- 
ments,  he  communicated  to  that  learned  body,  the  two 
following  years,  a number  of  other  ingenious  improve- 
ments, 
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merits,  as  will  be  enumerated  in  the  lid  of  his  writings, 
at  the  end  of  this  account  of  him. 

‘ In  1751  he  began  a coinfe  of  experiments,  to  try  a 
machine  of  his  invention,  for  meaiuring  a flip’s  way  at 
fea;  and  alfo  made  two  voyages  in  company  with  ^'Dr. 
Knight  to  try  it,  as  welias  a.  compafsof  hisown  invention. 

. In  1 773. he  was  elecled  a member  of  the  Royal  So- 
ciety; and  in  1779  he^- was  honoured  with  their  nold 
medal,  for  his  paper  conceining  the  natural  powers  of 
- water  and  wind  to  turn  mills,  and  other  machines  de- 
pending on  a circular  motion.  This  paper,  he  fays, 
was  the  refult  of  experiments  made  on  working  models 
in  the  years  171^  ^7)3?  not  coinmunieated  to 

the  Society  till  f7S9»  having  in  the  interval  found  op- 
poi-tunlties  of  putting  the.  refult  of  thefe  experiments 
into  real  practice,  in  a variety  of  cafes,  and  for  various 
putpofes,  fo  as  to  affiirc  the  Society  he  had  found  them 
to  anfwer.  - 

In  1754.  his  great  third  after  experimental  know- 
ledge led  him  to  undertake  a voyage  to  Holland  and 
the  Low' Countries,  where  he  made  himftlf  acquainted 
with  mod  of  the  curious  works  of  art  i'o  freipient  in 
thofe  places, 

III  December  1755,  the  Edydone  lighthoufe  was 
burnt  down,  and  the  proprietors,  b-ing  defiruus  of  re- 
building It  in  the  mod  fubilaiitia)  maiuier,  enquired  of 
the  earl  of  Macclesfield,  then  prcddeiit  of  the  Royal 
Society,  who  he  thought  might  be  the  fitted  perfoi/to 
rebuild  it.  when  he  immediately  recommended  our  au- 
thor. Mr.  Smeaton  accordingly  undertook  the  work, 
which  he  completed  with  done  in  the  fummer  of  1759. 
Of  this  work  he  gives  an  ample  defeription  in  a folio 
volume,  with  plates,  publidied  in  1791,  A.  w*ork 
which  contains,  in  a great  meafure,  the  hidorv  of  four 
years  of  his  life,  in  w'hich  the  originality  of  his  genius  is 
fully  difplayed,  as  well  as  his  adivity,  indudry,  and 
perfeverancc. 

Though  Mr.  Smeaton  completed  the  building  of  the 
Edydone^  lighthoufe  in  1759,  yet  it  feems  he  did  not 
,foon  get  into  full  bufinefs  as  a civil  engineer  ; for  in 
1764,  wTile  in  Yorkihire,  he  offered  himfelf  a candi- 
date for  one  of  the  receivers  of  the  Derwentwater  edate; 

• in  which  he  fucceeded,  though  two  other  perfons, 
ftrongly  recommended  and  powerfully  fupported,  were 
candidates  for  tlie  employment.  In  this  appointment 
he  was  very  happy,  by  the  adi  dance  and  abilities  of  his 
partner  Mr.  Walton  the  younger,  of  Farnacres  near 
Kewcadie,  one  of  the  prefeiit  receivers,  who,  taking 
upon  himfelf  the  management  and  the  accounts,  left 
Mr.  Smeaton.  leifure  and  opportunity  to  exert  his  abi- 
lities on  public  works,  as  well  as  to  make  many  im- 
provements in  the  nulls,  and  in  the  edates  of  Green- 
.wicli  hofpital. 

By  the  year  1777,  he  had  fo  much  bufincfs,  asti  civil 
engineer,  that  he  was  defirous  of  refigning  the  appoint- 
ment for  that  hofpital,  and  would  have  done  it  then, 
had  not  his  friends  prevailed  upon  him  to  continue  in 
the  office  about  two  years  longer. 

^ Mr,  Smeaton  having  thus  got  into  full  bufmefs  as  a 
civil  engineer,  It  would  be  an  endlefs  talk  to  enumerate 
all  the  variety  of  concerns  he  was  engaged  in.  A very 
few  of  them  however  may  be  julf  mentioned  in  this  place. 

•— He  made  the- jiver.Calder  navigable:  a work  that 
required  great  fki‘11  and  judgment ; owing  to  the  very 


impetuous  floods  in  that  river. — He  planned  and  at* 
tended  the  execution  of  the  great  canal  in  Scotlandj 
for  conveying  the  trade  of  the  country,  either  to  the 
Atlantic  or  German  ocean  ; and  having  brought  it  to  a 
conchifion,  he  declined  a handfome  yearly  falary,  that 
he  might  not  be  prevented  from  attending  to  the  mul- 
tiplicity of  his  other  bufinefs. 

On  opening  the  great  arch  at  London  bridge,  the 
excavation  around  and  under  tlie  fferlings  was  fo  confi- 
derable,  that  it  was  thought  the  bridge  wuis  in  great 
danger  of  falling;  the  apprehenfions  of  the  peopfe  on 
this  head  being  fo  great,  that  few  would  pafs  over  or 
undei  it.  He  was  then  In  Yorkfhire,  where  he  was 
fent  for  by  exprels,  and  he  arrived  in  town  with  the 
greateil  expedition.  He  applied  himfelf  immediately 
to  e.^amine  it,  and  to  found  about  the  fterlings  as  mi- 
nutely as  he  could.  The  committee  being  called  to- 
gether, adopted  his  advice,  which  was,  to  repurchafe 
the  flones  that  had  been  taken  From  the  middle  pier^ 
then  l)ing  in  Moorfields,  and  to  throw  them  Into  the 
river  to  guard  the  llerlings,  a prabTce  he  had  before 
aaopted  011  other  occafions.  Nothing  (hews  the  appre- 
henlions  of  tlie  bridge  falling,  more  than  the  alacrity 
with  W'hich  bis  advice  w'as  purfiied  : the  flones  w'cre  re- 
pui chafed  that  day  ; horfes,  carts,  and  barges  were 
got  ready,  and  the  work  inflantly  begun  though  it  was 
Sunday  morning.  Thus  Mr.  Smeaton,  in  all  human 
probability,  faved  London  bridge  from  falling,  and  fe- 
cured  it  till  more  effedual  methods  could  be  taken. 

In  1771,  he  became,  jointly  with  his  friend  Mr„ 
Holmes  above  mentioned,  proprietor  of  the  wmrks  for 
fupplylng  Deptford  and  Greenwich  w’lth  w'ater  ; which 
by  their  united  endeavours  they  brought  to  be  of  ge- 
neral life  to  thofe  they  W'ere  made  for,  and  moderately 
beneficial  to  themfelves. 

About  the  year  1783,  Mr.  Smeaton’s  health  began 
to  decline  ; in  confequence  he  then  took  the  refoliition 
to  endeavour  to  avoid  any  new  undertakings  in  bufinefs 
as  much  as  he  could,  that  he  might  thereby  alfo  have 
the  more  leifure  to  publiffi  fome  account  of  his  inven- 
tions and  works.  Of  this  plan  however  he  got  no  ■ 
more  executed  than  the  account  of  the  Edyflone  light- 
honfe,  and  fome  preparations  for  his  intended  treatife 
on  mills  ; for  he  couid  not  refill  the  felicitations  of  his 
friends  in  various  woiks  ; and  Mr.  Aubert,  whom  he 
greatly  loved  and  refpecled,.  being  chofen  chairmajp  . 
^f  Rstnfgate  liaibour,  prevaued  upon  him  to  accept 
the  office  of  engineer  to  that  harbour ; and  to  their 
joint  efforts  the  public  are  chicdy  indebted  for  theu’m- 
provernents  that  have  been  made  there  within  thefe  few 
I'ears  ; w'h-ch  fully  appears  in  a report  that  Mr.  Smea- 
toii  gave  in  to  the  board  of  truilces. in  i.791,  w'hich 
they  immediately  publiflied. 

It  had  for  many  years  been  the  pradlice  of  Mr,  vSrnea- 
ton  to  fpend  part  of  the  year  in  town,  and  the  remain-.  - 
der  in  the  country,  at  liishoufeat  Aullhorpe;  on  one 
of  thefe  exeurlions  in  the  country,  while  w'alking  in 
his  garden,  on  the  i6th  of  September  1 792,  he  was 
llriick  with  the  pally,  which  put  an  end  to  his  ufefui 
life  the  28th  of  Odlober  following,  to  the  great  regixt 
of  a numerous  fet  of  friends  and  acquaintances. 

The  great  variety  of  mills  conllnffited  by  Mr.. Smea- 
ton, fo  much  to  the  fatisfaftion  and  advantage  of  the 
oviiieiSj  w'.iJ  lliew  the  g.reat-.ufe  he  made^of  his  experl- 
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mentsin  1752  and  1753.  Indeed  he  Fcarcely  trufted  to 
th'^’ory  in  any  cafe  where  be  qpuld  have  an  opportunity 
to^^nvellii^-ate  it  by  experiment;  and  for  this  purpofe  he 
bnilt  a fteam-euR-ine  at  Autlhorpe,  that  he  migdit  make 
experiments  exprefsly  to  afeertain  the  power  of  New^ 
comen’s  ileam^engine,  which  lie  improved  and  brought  ^ 
to  a murdi  greater  degree  of  certainty,  both  in  its 
"conflrudtion  and  powers,  than  it  was  before. 

Daring  many  years  of  his  life,  Mr  Smeaton  was  a 
conflant  "attendant  on  parliament,  his  opinion  being 
contipi.ally  called  for.  ^ And  here  Uis  natural  pength 
of  iudgmeiit  and  pcrfpicuity  of  ex prefRon  nad  their  full 
difplay.  It  was  his  conllant  praaice,  when  apphed  to, 
to  plan  or  fupport  any  meaiiue,  to  maxe  himfelf  fimy 
acquainted  with  it,  and  be  convinced  of  its  merits,  be- 
fore he  would  be  concerned  in  it.  By  this  cannon, 
ioined  to  the  clearnefs  of  his  defcriptlon,  and  the  inte- 
grity of  his  heart,  he  feldom  failed  having  the  bill  he 
^ fiipported  carried  into  an  adt  of  parliament.  No  per- 
fon  was  heard  with  more  attention,  nor  had  any  one 
ever  more  confidence  placed  in  his  teftimony.  In  the 
courts  of  law  he  had  feveral  compliments  paid  to  him 
from  the  bench,  by  the  late  lord  Mansfield  and  others,  on 
account  of  the  new  light  he  threw  upon  difficult  lubje-LS. 

As  a civil  engineer,  he  was  perhaps  unrivalled,  cer- 
tainlv  not  excelled  by  any  one,  either  of  the  prefent 
or  former  times.  His  building  the  Edyftone  hght- 
'houfe,  were  there  no  other  monument  of  Ins  fame, 
would  eftablKh  his  charaaer.  The  Edyftone  rocks 
have  obtained  their  name  from  the  great  variety 
trarv  fets  of  the  tide  or  current  in  their  vicinity.  1 hey 
are  fituatcd  nearly  S.  S.  W.  from  the  middle  of  Hy- 
mouth  Sound.  Their  diftance  from  the  port  of  Ply- 
' mouth  is  about  14  miles.  They  are  almofl  in  the  line 
which  iolns  the  Start  and  the  Lizard  points ; and  as 
they  lie  nearly  in  the  dircdlion  of  veffels  coafling  up 
and  down  the  channel,  they  were  unavoidably,  before 
tim  efiablilhment  of  a light-houfe  there,  very^  danger- 
ous, and  often  fatal  to  (hips.  Their  fituation  with 
regard  to  the  Bay  of  Bifcay  and  the  Atlantic  is  fuch, 
that  they  lie  open  to  the  fwells  of  the  bay  and  ocean, 
from  all  the  foiith-weftern  points  of  the  compafs  ; fo 
that  all  the  heavy  feas  from  the  fouth-weft  quaitei  come 
uncontroled  upon  the  Edyftone  rocks,  and  break  upon 
them  ^dth  the  utraoll  fury.  Sometimes,  when  the 
' is  to  all  appearance  fmooth  and  even,  and  its  lui  • 
face  unruffied  by  the  ftighteft  breeze,  the  ground f <10 ell 
meeting  the  dope  of  the  rocks,  the  fea  beats  upon  them 
in  a fricditful  manner,  fo  as  not  only  to  obdiuft  any 
work  being  done  on  the  rock,  or  even  landing  upon  it, 
when,  figuratively  fpeaking,  you  might  go  to^fea  in  a 
vvalnut-lhell.  That  circumllances  fraugnt  with  dan- 
o-er  furrounding  it  ftiould  lead  mariners  to  wifn  for  a 
hght-houfe,  is  not  wonderful  ; but  the  danger  attend- 
ing the  ereaion  leads  us  to  wonder  that  any  one  could 
be  found  hardy  enough  to  undertake  it. 
was  firft  found  in  the  perfon  of  Mr.  H.  Winftan- 
ley,  who,  in  the  year  1696,  was  furniflied  by  the 
Trinity-hoiife  with  the  neceflary  powers.  In  1700  it 
was  finiffied  ; but  in  the  great  ftorm  of  November 
1703  it  was  deftroyed,  and  the  projector  penfhed  in 
the  ruins.  In  1709  another,  upon  a different  con- 
ftruftion,  was  eve6led  by  a Mr.  Rudyeid,  winch,  in 

3^55,  was  unfortunately  confumed  by  fire.  The  next 


building  was  under  the  diredlion  of  Mr,  Smeator!, 
who,  having  confidered  the  errors  of  the  former  con*, 
ftruaions,  has  judicioufiy  guarded  againft  them,  and 
ereAed  a building,  the  demolition  of  which  feems  lit- 
tle to  be  dreaded,  iinlefs  the  rock  on  which  it  is  ereded 

ftiould  penih  with  It. -Of  his^works,  in  conftruaing 

bridges',  harbours,  mills,  engines,  8:c,  &c,  it  were 

endlefs  to  fpeak.  Of  his  inventions  and  improvements  of 
philofophical  inftruments,  as  of  the  air-pump,  the  py- 
rometer, hygrometer,  c^c,  &c,  feme  idea  ^may  be 
formed  from^the  lift  of  his  writings  inferted  below. 

In  his  perfon,  Mr.  Smeaton  was  of  a middle  ftaturc, 
but  broad  and  ftrong  made,  and  pofteffed  of  an  exceb 
ient  conftitution.  He  had  a great  fimplicity  and  plam- 
nefs  in  his  manners : he  had  a warmth  of  expreffion  that 
might  appear,  to  thofe  who  did  not  know  him  well,  to 
border  011  harftinefs^  but  fuch  as  were  more  clofely  ac- 
quainted with  him,  knew  it  arofe  from  the  intenfe  ap- 
plication of  his  mind,  which  was  always  in  the  purfuit 
of  tfuth,  or  engaged  in  tlie  inveftigation  of  difficult 
fubjeds.  He  would  fometimes  break  oiit  haftily,  when 
anv  thing  wa«  faid  that  was  contrary  to  hia  ideas  of  the 
fubjed and  he  would  not  give  up  any  thing  he  ar- 
gued for,  till  his  mind  was  convinced  by  found  reafoa-- 
ing. 

In  all  the  focial  duties  of  life,  Mr.  Smeaton  was  ex- 
emplary ; he  was  a moft  affedionate  hufband,  a good 
father, 'a  warm,  zealous  and  fincere  friend,  always  rea- 
dy to  aiTift  thofe  he  refpeded,  and  often  before  it  was 
pointed  out  to  him  in  what  way  he  could  ferve  them. 
He  was  a lover  and  an  encourager  of  rnerit  wherever  he 
found  it  ; and  many  perfons  now  living  are  in  a gi'eat 
meafure  indebted  for  their  prefent  fituation  to  his  affift* 
ance  and  advice  As  a companion,  he  was  always  en- 
tertaining and  inftrudive,  and  none  could  fpend  their 
time  in  his  company  witliout  improvement. 

As  to  the  lift  of  his  writings  ; befide  the  large  work 
abovementioned,  being  the  Hiftory  of  Edyftone  Eight- 
houfe,  and  numbers  of  reports  and  memorials,  many  of 
which  w^ere  printed,  his  communications  to  the  Royal 
Society,  and  inferted  in  their  Tranfa6fIons,  are  as 
follow  ; 

1.  An  Account  of  Dr.  Knight’s  Improvements  ot 
the  Mariner’s  Compafs  ; an.  1750,  pa.  313. 

2.  Some  improvements  in  the  Air-pump  ; an.  1752, 
pa.  413. 

3.  An  Engine  for  ralfing  Water  by  Eire  ; being  an 
improvement  on  Savary’s  conftiudion,  to  render  It  ca- 
pable of  working  Itfelf:  invented  by  M.  de  Moura,  of 
Portugal.  Ib.  pa.  43*^* 

4.  Defeription  of  a new  Tackle,  or  Combination  of 
Pulleys.  Ib.  494* 

5.  ExperlmentB  upon  a machine  for  meafuring  the 

Wa)^  of  a Shipat  Sea.  An.  1734?  53^* 

6.  Defeription  of  a new  Pyrometer,  lb.  pa.  398.  • 

7.  EffeAsof  Lightning  on  the  Steeple  and  Church 
of  Leftwithialin  Cornwall.  An.  1757,  pa.  198. 

8.  Remarks  on  the  different  Temperature  of  the 
Air  at  Edyftone  Light-houfe,  and  at  Plymouth.  An. 

1758,  pa.  488.  _ ■ , . 1 

9.  Experimental  enquiry  concerning  the  natural 
powers  of  Water  and  Wind  to  turn  mills  and  other 
machines  depending  on  a circular  motion.  An.  1739, 
pa.  10,0. 

10.  On 
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-lo.  On  die  Menllrual  Parallax  arifing  from  the  mu- 
tual gravitation  of  the  earth  and  moon,  its  influence  on 
, the  obfervation  of  the  fun  and  planets,  with  a method 
of  obferving  it.  An.  1768,  pa.  156. 

II.  Defcription  of  a new  method  of  Obferving  the 
heavenly  bodies  out  of  the  meridian.  An.  1768, 
pa.  170. 

I?.  Obfervations  on  a Solar  Eclipfe.  An.  1769, 
pa.  286. 

13.  Defcription  of  a new  Hygrometer.  An.  1771, 
pa.  198. 

14.  An  Experimental  Examination  of  the  quantity 
and  proportion  of  Mechanical  Power,  neceflary  to  be 
employed  In  giving  different  degrees  of  velocity  to  hea- 
vy bodies  from  a flate  of  reft.  An.  1776,  pa. 450. 

SMOKE,  or  Smoahy  a humid  matter  exhaled  in 
form  of  vapour  by  the  a6lion  of  heat,  either  external 
or  internal  ; or  Smoke  confifts  of  palpable  particles, 
elevated  by  means  of  the  rarefying  heat,  or  by  the 
force  of  the  afeending  current  of  air,  from  certain  bo- 
dies expofed  to  heat  ; which  particles  vary  much  in 
their  properties,  according  to  the  fubflances  from 
which  they  are  produced. 

Sir  Ifaac  Newton  obferves,  that  Smoke  afeends  in 
the  chimney  by  the  impulfe  of  the  air  it  floats  in  ; for 
that  air,  being  rarefied  by  the  heat  of  the  fire  under- 
neath, has  its  fpecific  gravity  .dlminlfhed  ; and  thus, 
being  dlfpofed  to  afeend  Itfelf,  It  carries  up  the  Smoke 
along  with  It.  The  tail  of  a comet,  the  fame  author 
fuppofes,  afeends  from  the  nucleus  after  the  fame  man- 
ner. 

Smoke  of  fat  undfuous  woods,  as  fir,  beech,  See, 
makes  what  is  called  lamp-black. 

There  are  various  inventions  for  preventing  and  cur- 
ing fmoky  chimneys : as  the  aeolipiles  of  Vitruvius, 
the  ventiducts  of  Cardan,  the  windmills  of  Bernard, 
the  capitals  of  Serlio,  the  little  drums  of  Paduanus, 
and  feveral  artifices  of  De  Eorme.  See  alfo  the  philo- 
fophical  works  of  Dr.  Franklin.  Pans,  refembling 
fugar  pans,  placed  over  the  tops  of  chimneys,  are  iife- 
ful  to  make  them  draw  better  ; and  the  fire-grates  called 
regifter-ftoves,  are  always  a fare  remedy. 

In  the  Philofophical  Tranfadlions  is  the  defcription 
of  an  engine,  invented  by  M.  Dalefme,  which  con- 
iumes  the  Smoke  of  all  forts  of  wood  fo  effceludlly, 
that  the  eye  cannot  difcovcr  it  in  the  room,  nor  the 
nofe  diftinguifli  the  fmell  of  it,  thougli  the  fire  be  made 
in  the  middle  of  the  room  It  confills  of  feveral  iron 
hoops,  4 or  q inches  in  diameter,  which  fhut  into  one 
another,  and  is  placed  on  a trever. 

The  late^invcntion  called  Argand’s  lamp,  alfo  con- 
fumes  the  Smoke,  and  gives  a very  flrong  light.  Its 
.principle  is  a thin  broad  cotton  wick,  rolled  Into  the 
form  of  a hollow  cylinder  ; tlie  air  pafTcs  up  the  hollow 
of  it,  and  tlie  Smoke  is  almoil  all  confumed. 

Smoke  yacky  is  a jack  for  turning  a fpit,  turned  by 
the  Smoke  of  the  kitchen  fire,  by  means  of  tliin  Iron 
fails  fet  obliquely  on  an  axis  in  the  flue  of  the  chimney. 
See  Jack. 

SNEI.l.  (Rodolph),  a refpedahle  Dutch  phllofo- 
pher,  was  horn  at  Oudenv/atcr  in  1546.  Hcu  asl'ome 
.time  profeffor  of  Hebrew  and_  mathematics  at  Leyden, 
where  he  died  in  1613,  at  67  years  of  age.  He  was 
.author  of  fiveral  works  on  geometrv,  and  on  all  parts  of 
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the  philofophy  of  his  time  ; but  I have  not  obtained  a 
particular  lift  of  them. 

Snell  ( Willehrord ) , fon  of  Rodolph  above  men- 
tioned,  an  excellent  mathematician,  was  born  at  Leyden 
in  1391,  where  be  fucceeded  his  father  In  the  mathe- 
matical chair  in  1613,  and  where  he  died  in  1626,  at 
only  3 3 years  of  age. 

Willehrord  Snell  was  autlior  of  feveral  ingenious 
works  and  difeoveries.  Thus,  it  was  he  who  firfl  dif- 
covered  the  true  law  of  the  refradion  of  the  rays  of 
light  ; a difeovery  which  he  made  before  it  was  an- 
nounced by  Des  Cartes,  as  Huygens  aifures  u-s. 
Though  the  work  which  Snell  prepai-ed  upon  this 
fubjed,  and  upon  optics  in  general,  was  never  pub- 
lilhed,  yet  the  difeovery  was  very  well  known  to  be- 
long to  him,  by  feveral  authors  about  his  time,  who 

had  feen  it  in  his  manuferipts. He  undertook  alfo 

to  meafure  the  earth.  This  he  effeded  by  meafut  in^ 
a fpace  between  Alcmacr  and  Bergen -op-zoom,  the 
difference^  of  latitude  between  thefe  places  being 
I®  1 1 ' 30''.  He  alfo  meafured  another  diflance  between 
the  parallels  of  Alcmaer  and  Leyden  ; and  from  the 
mean  of  both  thefe  meafureraents,  he  made  a degree  to 
confift  of  55021  French  tolfes  or  fathoms.  Thefe  mea- 
fures  were  afterwards  repeated  and  correded  by  Muf- 
fehenbroek,  who  found  the  degree  to  contain  57033 
toifes.— He  was  author  of  a great  many  learned  matlm- 
matical  works,  the  principal  of  which  are, 

1.  Apollonius  Batavus  ; being  the  refloration  of  fome 
loft  pieces  of  Apollonius,  concerning  Determinate  Sec- 
tion, with  the  Sedion  of  a Ratio  and  Space  : in  410, 
1608,  pubhfhed  in  his  J 7th  year, 

2.  Era- ojlhenes  Batavus  ; in  410,  1617,  Being  the 
work  in  which  he  gives  an  account  of  his  operations  in 
mcafuring  the  earth. 

3.  A tranftation  out  of  the  Dutch  language,  into 
Latin,  of  Ludolph  van  CoIIen’s  book  De  Circulo  lA 
AdfcrlptiSy  Sic;  111410,  1619. 

4.  CyclomctricuSy  De  Circull  Ditnenfione  ; 4to, 
162  I.  In  this  work,  the  author  gives  feveral  ingenloiia 
approximations  to  the  meafure  of  the  circle,  both  arith- 
metical and  geometrical. 

5.  Tiphis  Batavus  ; being  a treatife  on  Navigatloii 
an  d Naval  Affa  irs  ; in  4to,  1624. 

6.  A pofthurnous  treatile,  bemg  four  books  DoBri- 
na  Tnan^vlorum  Canonical ; in  8vo,  1627.  In  which 
are  contained  llic  canon  of  fecants  ; and  in  which  th-c 
cqnllfudion  of  fines,  tangents,  and  fecants,  with  the 
dimenfion  or  calculation  of  triangles,  both  plane  and 
Ipherical,  are  bi  icHy  and  clearly  treated. 

7.  Eleifian  and  Bohemian  Obfervations  ; witli  his 
ow'ii  notes. 

8.  Libra  Af.rouomica  iA  Philofophtra  ; in  which  lie 
undertakes  tlie  examination  of  the  principles  of  Galileo 
conct  ruing  comets. 

9.  Concerning  the  Comet-whkh  appeared  in  1618. 
&c. 

SNOW,  a well  known  meteor,  fornxH  by  tlw  freez- 
ing of  the  vapours  in  the  atmofphcre.  It  cliffcrs  from 
hail  and  hoar-froft  In  being  as  it  were  cryilalh-zed,  wliich 
they  are  not.  Shis  appears  on  examinatron  of  a flake 
of  Snow  by  a magnifying  glafs  ; when  the  whole  of  it 
appears^  to  be  compofid  of  fine  (hining  fpiciila  di- 
vcjging  like  rays  fi  oin  a centre.  As  the  flakes  defeertd 
3 ^ ttn’oufik 
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through  the  atmofphcre,  they  are  continually  joined  by 
more  of  thefe  radiated  fpicula,  and  thus  incieafe  in 
bulk  like  the  drops  of  rain  or  hailftones  j fo  that  it 
feeins  as  if  the  whole  body  of  Snow  were  an  inhnite 
mafs  of  icicles  irregularly  figured. 

The  lightnefs  of  Snow,  although  it  is  firm  ice,  is  ow- 
ing to  the  cxcefs  of  its  furface,  in  comparifon  to  the 
matter  contained  under  it ; as  even  gold  itfelf  may  be 
extended  iu  furface,  till  it  will  float  upon  the  leallbreath 

of  air.  , r r.  v/r  ' 

According  to  Beccaria,  clouds  of  Snow  dilier  in  no- 
thing from  clouds  of  rain,  but  in  the  circumftance  of 
edd  that  freezes  them.  Both  the  regular  diffufion  of 
the  Snow,  and  the  regularity  of  the  ftruaure  of  its 
parts,  fliew  that  clouds  of  Snow  arc  affed  upon  by  iome 
uniform  caufe  like  eleffricity  ; and  he  endeavours  to 
fhew  how  eleffrlcity  is  capable  of  forming  thefe  figures. 
He  was  confirmed  in  his  conjeffures  by  obferving,  that 
his  apparatus  for  fhewing  the  cleffricity  of  the  atmo- 
fphere,  never  failed  to  be  eledfrified  by  Snow  as  vvell  as 
by  rain.  Profelfor  Wintrop  fometimea  found  his  appa- 
ratus eledfrified  by  Snow  when  driven  about  by  the 
•wind,  though  it  had  not  been  aflhfted  by  it  when  the 
Snow  itfelf  was  falling.  A more  intenfe  eleffricity, 
according  to  Beccaria,  unites  the  particles  of  hail  more 
clofely  than  the  more  moderate  eleftrlcity  does  thofe 
of  Snow,  in  the  fame  manner  as  we  fee  that  the 
drops  of  rain  which  fall  from  the  thunder-clouds,  are 
larger  than  thofe  which  fall  from  others,  though  the  for- 
mer defeend  through  a lefs  fpace. 

In  the  northern  countries,  the  ground  is  covered 
with  fnow  for  feverai  months  ; which  proves  exceeding- 
ly favourable  for  vegetation,  by  preferving  the  plants 
from  thofe  intenfe  frofts  which  are  common  in  fuch 
countries,  and  which  would  certainly  deftroy  them. 
Bartholin  aferibes  great  virtues  to  Snow-water,  but  ex- 
perience does  not  feem  to  warrant  his  affertions.  Snow- 
water, or  ice -water,  is  always  deprived  of  its  fixed  air  : 
and  thofe  nations  who  live  among  the  Alps,  and  ufe  it 
for  their  conftant  drink,  are  fubjedl  to  afteftlons  of  the 
throat,  which  it  is  thought  are  occafioned  by  it. 

From  fome  late  experiments  on  the  quantity  of  wa- 
ter yielded  by  Snow,  it  appears  that  the  latter  gives 
only  about  one-tenth  of  its  bulk  In  water. 

SOCIETY,  an  aflemblage  or  union  of  feverai  learn- 
ed perfons,  for  their  mutual  afliftanee,  improvement,  or 
irfformation,  and  for  the  promotion  of  philofophical  or 
other  knowledge.  There  are  various  philofophical  So- 
cieties inllituted  in  different  parts  of  the  world.  See 
KoyAL  Socuiy, 

jimerican  'Philofophical  Society,  was  eftabliflied  at 
Philadelphia  in  the  year  1769,  for  promoting  ufeful 
knowledge,  under  the  diredlion  of  a patron,  a prefi- 
dent,  three  vice-prefidents,  atreafurer,  four  fecretarics,, 
and  three  curators.  l‘he  firft  volume  of  their  Tranfac- 
tions  comprehends  a period  of  two  years,  viz,  from 
Jan.  I,  1769,  to  Jan.  I,  1771.  Their  labours  feem  to 
have  been  interrupted  during  the  troubles  in  Ameriea,. 
which  commenced  foon  after  \ but  fince  their  termina- 
tion, fome  more  volumes  have  been  publifhed;^  contain- 
ing a number  of  very  ingetiious  and  ufeful  memoirs. 

American  Academy  of  Arts  and  Sciences.,  was  efta- 
bllfhed  by  a law  of  the  Commonwealth  of  Maflachufetts 
in  North  AmericSj  in  the  year  1 780. 


Bojion  Academy  of  Arts  and  Sciences*  This  is  a So» 
ciety  fimilar  to  the  former,  which  has  lately  been  efta- 
blifhed  at  Bofton  in  New  England,  under  the  title  of  tUc- 
Academy  of  Arts  and  Sciences  &c. 

Berlin  Society.  The  Society  of  Natural  Hifto- 
rians  at  Berlin,  was  founded  by  Dr.  Martini.  There 
is  alfo  a Philofophical  Society  in  the  fame  place. 

Briijfch  Society.  The  Imperial  and  Royal  Acade- 
my of  Sciences  and  Belles  Lettres  of— Bruflels  w'as- 
founded  in  1775.  Several  volumes  of  their  Tranfac- 
tionshave  now  been  publlflied. 

Dublin  Society,  This  is  an  Experimental  Society, 
for  promoting  natural  knowledge,  wdiich  was  inllituted 
in  1777  : the  members  meet  once  a week,  and  dlftri- 
biite  three  honorary  gold  medals  annually  for  the  molb 
approved  difeovery,  invention,  or  eflay,  on  any  mathe- 
matical or  philofophical  fubjeift.  The  Society  is  under 
the  direflion  of  a prefident,  two  vice-prefidents,  and  a 
fecretary. 

Edinburgh  Philofophical  Society,  fucceeded  the  Me^ 
dical  Society,  and  was  formed  upon  the  plan  of  includ- 
ing all  the  different  branches  of  natural  knowledge  and 
the  antiquities  of  Scotland.  The  meetings  of  this. 
Society,  interrupted  in  1745,  w^cre  revived  in  ^ 1752  ; 
and  in  17^4  the  firft  volume  of  their  colledlion  was 
publifhed,  under  the  title  of  Eflays  or  Obfervations. 
Phyfical  and  Literary,  which  has  been  fucceeded  by 
other  volumes.  This  Society  has  been  lately  incorpo- 
rated by  royal  charter,  under  the  name  of  the  Royal 
Society  of  Scotland,  inllituted  for  the  advancement  of 
learning  and  ufeful  knowledge.  The  members  are  di- 
vided into  two  claffes,  phyfical  and  literary  ; and  thofe- 
who  are  near  enough  to  Edinburgh  to  attend  the  meet- 
ings, pay  a guinea  on  admiflion,  and  the  fame  fum  an- 
nually. The  firft  meeting  was  held  on  the  firft  Mon- 
day of  Auguft  1783 ; wdien  there  were  chofen,  a pre- 
fident, two  vice-prefidents,  a fecretary,  treafurer,  and- 
a council  of  12  perfons.  Three  of  the  volumes  of  their. 
Tranfadlions  have  been  publifhed,  wdiich  are  very  rc- 
fpedlable  both  for  their  magnitude  and  contents. 

In  France  th.tYt  have  been  feverai  inftitutions  of  this- 
kind  for  the  improvement  of  fcience,  befides  thofe  re- 
counted under  the  word  Academy  : As,  the  Royal 
Academy  at  Solflbns,  founded  in  1 674  ; at  Villefrancbe, 
Beaujolols,  in  1679  ; at  Nifmes,  in  1682  j at  Angers,  in 
1685  ; the  Royal  Society  at  Montpelier,  in  17063. 
which  is  fo  intimately  connedled  with  the  Royal  Aca- 
demy of  Sciences  of  Paris,  as  to  form  with  it,  In  fome- 
refpedls,  one  body  j the  literary  produ6lIons  of  this  So-^ 
ciety  are  publifhed  in  the  memoirs  of  the  academy  the: 
Royal  Academy  of  Sciences  and  Belles  Lettres  at  Ly- 
ons, in  1700  j-  at  Bourdeaux,  in  1703  ; at  Marfeilles,. 
in  1726;  at  Rochelle,  in  1754;  at  Dijon,  in  17405. 
at  Pau  in  Bern,  in  1721  ; at  Beziers,  in  1723  ; at 
Montauban,  in  1744;  at  Rouen,  in  1744;  at  Amiens^, 
in  1750  ; at  Touloufe,  in  1750;  at  Befan9on,,.in  1752 
at  Metz,  in  1760  ; at  Arras,  in  1-773  5 Chalons- 

fur  Mains,  in  1775.  For  other  inilitutions  of  a fimilar 
nature,  and  their  literary  produdlions,.  fee  the  articles- 
Academ^y,  Journal,,  and  Transaction's. 

Manchejier  Literary  and  Philofophical  Society,  is 
of  confiderable  reputation,  and  has  been  lately  efta- 
blilhed  there,  under  the  direction  of  two  prelidents,, 
four  vice-prefidents^.  and  two  fecretarles. . The  iiumboJi 

of 
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of  members  'is  limited  to  50 ; befides  thefe  there  are 
feveral  honorary  members,  all  of  whom  are  eleded  by 
ballot ; and  the  officers  are  chofen  annually  in  April. 
Several  valuable  eflays  have  been  already  read  at  the 
meetings  of  this  Society. 

Ne'Vjcaftle-tipon-Tyne  Literary  and  Philofophlcal  So- 
ciety. This  Society  was  inilitutcd  the  yth  of  Fe- 
bruary 1793,  t^^der  the  direction  of  a prefident,  four 
vice-prefidents,  two  fecretaries,  a treafurer,  which  to- 
gether with  four  of  the  ordinary  members  form  a com- 
mittee, all  annaally  eledted  at  a general  meeting.  The 
lubjedls  propofed  for  the  confideration  and  improvement 
of  this  Society,  comprehend  the  mathematics,  natural 
philofophy  and  hiftory,  chemiitry,  polite  literature, 
antiquities,  civil  hiftory,  biography,  qiieftions  of  gene- 
ral law  and  policy,  commerce,  and  the  arts.  From 
fuch  ample  fcope  in  the  objedls  of  the  Society,  with 
the  known  refpedfability,  zeal,  and  talents  of  the 
members,  the  greateft  improvements  and  difedveries 
may  be  expedted  to  be  made  in  thofe  important  branches 
of  ufeful  knowledge. 

SOCRATES,  the  chief  of  the  ancient  phllofophers, 
was  born  at  Alopece,  a fmall  village  of  Attica,  in  the 
4th  year  of  the  77th  olympiad,  or  about  467  years  be- 
fore Chrift.  Sophronlfcus,  his  father,  being  a ftatuary  or 
carver  of  Images  in  ftone,  our  author  followed  the  fame 
profeffion  for  fome  time,  for  a fubfi (fence.  But  being  na- 
turally averfe  to  this  profeffion,  he  only ’followed  it 
when  neceffity  compelled  him;  and  'tipon  getting  a 
little  before- hand,  would  for  a while  lay  it  alide.  Thefe 
intermiffions  of  his  trade  were  beftowed  upon  philoib- 
phy,  to  which  he  was  naturally  addtdfed  ; and  this 
-being  obferved  by  Crlto,  a rich  phllofopher  of  Athens, 
Socrates  was  at  length  taken  from  his  fhop,  and  put  in- 
to a condition  of  philofophifing  at  his  eafe  and  lei- 
fure. 

He  had  various  inftrudfors  in  the  fciences,  as  Anaxa- 
goras, Archylaus,  Damon,  Prodicus,  to  whom  may 
be  added  the  two  learned  women  Diotyma  and  Afpa- 
fia,  of  the  laft  of  whom  he  learned  rhetoric : of  Eue- 
nus  he  learned  poetry ; of  Ichomachus,  hufbandry ; 
•and  of  Theodorus,  geometry. 

At  length  he  began  himfelf  to  teach  ; and  was  fo 
•eloquent,  that  he  could  lead  the  mind  to  approve  or 
difapprove  whatever  he  pleafed  ; but  never  iifed  this  ta- 
lent for  any  other  purpofe  than  to  condudf  his  fellow  ci- 
tizens into  the  path  of  virtue.  The  academy  of  the 
L-ycaeum,  and  a pleafant  meadow  without  the  city  on 
the  fide  of  the  river  IlylTus,  were  places  wliei  e he  chiefly 
delivered  his  inftrudfions,  though  it  feems  he  was  never 
out  of  his  wa'y  in  that  refpedt,  as  he  made  ufe.  of  all 
times  and  places  for  that  purpole. 

He  is  reprefented  by  Xenophon  as  excellent  in  all 
kinds  of  learning,  and  particularly  inftances  arithmetic, 
geometry,  and  aftrology  or  aftronomy  : Plato  mentions 
Jiatural  philofophy;  Jdomeneus,  rhetoric;  Laertius, 
medicine.  Cicero  affirms,  that  by  the  teftimony  of  all 
the  learned,  and  the  judgment  of  all  Greece,  he  was, 
as  well  in  wlfdom,  acutenefs,  politenefs,  and  fubtlety, 
as  in  eloquence,  variety,  and  richnefs,  in  whatever  he 
applied  himfelf  to,  without  exception,  the  prince  of 

all. 

it  has  been  obferved  by  many,  tii-at  Socrates  little 


affedfed  travel  ; his  life  being  wholly  fpent  at  homf, 
excepting  when  he  went  out  upon  military  fervices. 
In  the  Peloponnefian  w^ar  he  was  thrice  perfonaliy 
engaged : upon  which  occafions  it  is  faid  he  out- 
went all  the  foldiers  in  hardinefs  ; and  if  at  any  time, 
faith  Alcibiades,  as  it  often  happens  in  war,  the  pro- 
vifions  failed,  there  were  none  who  could  bear  the 
want  of  meat  and  drink  like  Socrates ; yet,  on  the. 
other  hand,  in  times  of  feafting,  he  alone  feemed  to 
enjoy  them  ; and  though  of  himfelf  he  would  not  drink, 
yet  being  invited,  he  far  outdrank  every  one,  though 
he  was  never  feen  intoxicated. 

i o this  great  phllofopher  Greece  was  principally 
indebted  for  her  glory  and  fplendor.  He  formed  the 
manners  of  the  moft  celebrated  perfons  of  Greece,  as 
Alcibiades,  Xenophon,  Plato,  &c.  But  his  great  fer- 
vices and  the  excellent  qualities  of  his  mind  could  not 
lecui  e him  from  envy,  perfecution,  and  calumny.  The 
thirty  tyrants  forbad  his  InftnRting  youth  ; and  as  he 
derided  U_ie  plnr-Ulity  of  the  Pagan  deities,  he  was  ac- 
culed  of  impiety.  I he  day  of  trial  being  come,  So- 
crates made  his  own  defence,  without  procuring  an  ad- 
vocate, as  the  cuftoni  was,  to  plead  for  him.  He  did 
not  defend  himiclf  with  the  tone  and  language  of  a 
fuppiiant  or  guilty  perfoii,  but,  as  if  he  wxre  mafter  of 
the  judges  themfelves,  with  freedom,  firmnefs,  and 
fome  degree  of  contumacy.  Many  of  his  friends  alfa 
fpokc  in  his  behalf ; and  laftly,  Plato  went  up  int3 
the  chair,  and  began  a fpeech  in  thefe  words  ; “ Though 
I,  Athenians,  am  the  youngeft  of  thofe  that  come  up 
into  this  place  —but  they  (lopped  him,  crying  out, 
of  thole  that  go  down,”  which  he  was  thereupon 
conftrained  to  do  ; and  then  proceeding  to  vote,  they 
condemned  Socrates  to  death,  which  was  effected  by 
means  of  poifon,  when  he  was  70  years  of  age.  Plato 
gives  an  affeCting  account  of  his  imprifpnment  and 
death,  and  concludes,  “ This  was  the  end  of  the  bell, 
the  wifeft,  and  the  jufteft  of  men.”  And  that  ac- 
count of  it  by  Plato,  Tully  profelfes,  he  could  never 
read  without  tears. 

As  to  the  pei-fon  of  Socrates,  he  is  reprefented  a» 
very  homely;  he  was  bald,  had  a dark  complexion,  * 
flat  noff,  eyes  (ticking  out,  and  a fevere  downcait 
look.  Blit  the  defects  of  his  perfou  were  amply  com- 
penfated  by  the  virtues  and  accomplifhments  of  hi^r 
mind.  Socrates  was  indeed  a man  of  aU  virtues  ; and 
fo  remarkably  fViigal,  that  how  little  foever  he  had,  it 
was  always  enough.  When  he  was  amldll  a great  va- 
riety of  rich  and  expenfive  objects,  he  would  often  fay 
to  himfelf,  “ How  many  things  are  there  which  f dot 
not  want !” 

Socrates  had  two  wives^  o-oe  of  which  was  the  noted 
Xantippe ; whom  Auius  Gellius  deferihes  as  an  ar> 
curled  froward  woman,  always  ciiiding  and  fcoldiug, 
by  day  and  by  night,  aaid  whom  it  was  faid  he  made 
choice  of  as  atrial  and  exercile  of  his  temper.  Several 
inftances  are  recorded  of  her  impatience  and  his  for- 
bearance. One  day,  bel'ure  fome  of  his  friends,  fhe  fell, 
into  the  ufual  extravagances  of  her  paffion  ; when  he, 
without  anfwering  a word,  went  abroad  with  them  : 
but  on  Ills  going  out  of  the  door,  flic  ran  up  into  the 
chamber,  and  threw' down  water  upon  his  head  ; upoa 
which,  turning  to  his  friendi,  Did  tioC  I -tell  you 
1 ^ ^ 
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(fays  he),  that  after  fo  much  thunder  we  fhould  have 
rain  Another  time  fhe  pulled  his  cloak  from^  his 
fhoulders  in  the  open  forum  ; and  fome  of  bis  friends 
advifmg  him  to  beat  her,  “ Yes  (fays  he),  that  while 
we  two  fight,  you  may  all  (land  by,  and  cry,  Well 
done,  Socrates  ; to  him,  Xantippe.’* 

U’hey  who  affirm  that  Socrates  wrote  nothing,  mean 
only  in  refpedl  to  his  philofophy  ; for  it  is  attehed  and 
allowed,  that  he  affilted  huripides  in  compoiing  trage- 
dies, and  was  the  author  of  fome  pieces  of  poetry. 
Dialogues  alfo  and  epiftles  are  aferibed  to  him:  but 
his  philofophical  difputations  were  committed  to  writ- 
ing only  by  his  fcholars  ; and  that  chiefly  by  Plato  and 
Xenophon.  The  latter  fet  the  example  to  the  red 
in  doing  it  firfl,  and  alfo  with  the  greateft  pnndLiiality  ; 
as  Plato  did  It  with  the  moft  liberty,  intermixing  fo 
much  of  his  ov,’'n,that  it  is  hardly  poffible  to  know  what 
part  belongs  to  each.  Hence  Socrates,  hearing  him 
recite  hisLyfis,  cried  out,  “How  many  things  doth  this 
young  man  feign  of  me  !”  Accordingly,  the  greatefl: 
part  of  his  philofophy  is  to  be  found  in  the  writings  of 
Plato.  To  Socrates  is  aferibed  the  firfl;  {ntrodnttlon 
of  moral  philofophy.  Man  having  a twofold  relation 
to  things  divine  and  human,  his  dodtrines  were  with 
regard  to  the  former  metaphyfical,  to  the  latter  moral. 
Plis  metaphyfical  opinions  were  chiefly,  that,  There 
are  three  principles  of  all  things,  God,  matter,  and 
Hea.  God  is  the  iiniverfal  intelledf  ; matter  the  fub- 
jedt  of  generation  and  corruption  ; idea,  an  incorporeal 
fubifance,  the  intelledt  of  God  ; God  the  intelledt  of 
the  world.  God  is  one,  perfedt  in  himfelf,  giving  the 
being  and  well-being  of  every  creature. — That  God, 
not  chance,  made  the  world  and  all  creatures,  isdemon- 
flrable|from  the  reafoiiable  dlfpofition  of  their  parts,  as 
well  for  ufe  as  defence  ; from  their  care  to  preferve  tliem- 
felves,  and  continue  their  fpecies. — That  he  particularly 
regards  man  in  bis  body,  appears  from  his  noble  upright 
form,  and  from  the  gift  of  Ipeech  ; in  his  foul,  from 
th€  excellency  of  it  above  others. — That  God  takes 
care  of  all  creatures,  is  demonftrable  from  the  benefit 
he  gives  them  of  light,  water,  fire,  and  fruits  of  the 
earth  in  due  fcafon.  That  he  hath  a particular  regard 
of  man,  from  the  deftination  of  all  plants  and  creatures 
for  his  fervice  ; from  their  fub’jedkion  to  man,  though 
they  may  exceed  him  ever  fo  much  In  ftrength  ; from 
the  variety  of  man’s  fenfe,  accommodated  to  the  variety 
cfobjedls,  for  neceffity,  nfe,  and  pleafure  ; from  reafon, 
by  which  he  difeourfeth  through  remlnifcenee  from  fen- 
fvble  objedfs  ; from  fpeech,  by  which  he  communicates 
all  he  knows,  gives  laws,  and  governs  dates.  Finally, 
that  God,  though  invlfible  himfelf,  at  once  lees  all, 
hears  all,  is  every  wh/ere,  and  orders  all. 

As  to  the  other  great  ohjehf  of  metaphyfical  re*, 
{carch,  tiie  foul,  Socrates  taught,  that  it  is  pre-exifl- 
entto  the  body,  endued  with  the  knowledge  of  eternal 
ideas,  which  in  its  union  to  the  body  it  lofeth,  as  ftupe- 
fied,  until  awakened  by  difeourfe  from  fenfible  ob- 
jrdts  ; on  which  account,  all  its  learning  is  only  remi- 
uifcence,  a recovery  of  its  firfl:  knowdedge.  That  the 
body,  being  compounded,  is  diffolved  by  death  ; but 
that  the  foul,  being  Ample,  pafTeth  into  another  life, 
incapable  of  corruption.  That  the  fouls  of  men  are 
divine.  That  the  fouls  of  the  good  after  death  are  ih 
a happy  date,  united  to  God  in  a bleflcd  inaeceffibk 
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place  ; that  the  bad  in  convenient  places  fuffer  condign- 
punilhment. 

All  the  Grecian  fetls  of  philofophers  refer  their  ori- 
gin to  the  Qiicipline  of  Socrates  ; particularly  the  Pla- 
tonics, Peripatetics,  Academics,  Cyrenaics,  Stoics,- 
&c. 

SOL,  in  Ailrology,  &c,  figalfies  the  fun. 

SOLAR,  fomething  relating  to  the  fun.  Thus,  w^e* 
fay  Solar  fire  in  contradiltindtion  to  culinary  fire. 

^OhAK  Civil  Month,  See  Month. 

Solar  Cycle,  See  Cycle, 

Solar  Comet,  See  Discus, 

Solar  EcUpfey  is  a privation  of  the  light  of  the  fun^'^ 
by  the  interpofition  of  the  opake  body  of  the  moon.  See: 
Eclipse. 

Solar  Mouthy  Spots,  See  the  fubftan- 

tives. 

Solar  Syjlem,  the  order  and  difpolition  of  the  feveral- 
heavenly  bodies,  which  revolve  round  the  fim  as  the 
centre  of  their  motion  ; viz,  the  planets,  primary  and* 
fecondary,  and  the  comets.  See  System. 

Solar  Tear.  See  Year. 

SOLID,  in  Phyfics,  a body  whofe  minute  parts  are. 
connected  together,  fo  as  not  to  give  way,  or  flip  from, 
each  other,  on  the  fmallell  impreffion.  The  word  is-> 
ufed  in  this  fenfe,  in  contradiftinclion  to  fluid. 

Solid,  in  Geometry,  is  a magnitude  extended  in 
every  poffible  diredfion,  quite  around.  Though  it  i3>. 
commonly  faid  to  be  endued  with  three  dirnenlioas  on- 
ly, length,  breadth,  and  depth  or  thicknefs. 

Hence,  as  all  bodies  have  thefe  three  dimenfions, 
and  nothing  but  bodies,  Solid  and  body  are  often  ufed* 
indiferiminateiy. 

The  extremes  of  Solids  are  furfaces.  That  is,  Solids- 
are  terminated  either  by  one  furface,  as  a globe,  or  by= 
feveral,  either  plane  or  curved.  And  from  the  circum- 
hances  of  thefe,  Solids  are  diflinguiflied  into  regular, 
and  irregular. 

Regular  Solids,  are  thofe  that  are  terminated  by  re- 
gular and  equal  planes.  Thefe  are  the  tetraedron,- 
hexaedron,  or  cube,  odfaedron,  dodecaedron,  and  ico— 
faedron  ; nor  can  there  poffibly  be  more  than  thefe  five 
regular  Solids  or  bodies,  uuiefs  perhaps  the  fphere  or 
globe  be  confidered  as  one  of  an  infinite  number  of  fides. 
See  thefe  articles  feverally,  alio  the  article  Regtilar 
Body. 

Irregular  Soli  ds,  are  all  fuch  as  do  not  come  under 
the  definition  of  regular  ones ; fuch  as  cylinder,  cone, 
prifm,  pyramid,  &c. 

bimilar  Solids  are  to  one  another  in  the  triplicate  ra- 
tio of  their  like  fides,  or  as  the  cubes  of  the  fame.  And 
all  forts  of  priims,,  as  alio  pyramids,  are  to  one  another 
in  the  compound  ratio  ol  their  bafes  and  altitudes. 

Solid  Anglty  is  that  formed  by  three  or  more  plane 
angles  meeting  in  a point ; like  an  angle  of  a die,  or 
the  point  of  a diamond  well  cut. 

The  funn  of  all  the  plane  angles  forming  a Solid  an- 
gle, is  always  lefs  than  360°  ; otherwife  they  would 
conftitute  the  plane  of  a circle,  and  not  a Solid. 
Atmojphere  of  SouiDs.  See  Atmosphere, 

Solid  Bajiwn,  See  Bastion. 

Cubature  of  Solids,  Sec  Cusature  and  Soti- 
DiTY, 

Meafurs 
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J^eafure  of  a Solid.  . See  Measure. 

Solid  Foot.  See  Foot. 

Solid  Numbers^  are  thofe^"  which  arrfe  from  the 
multiplication  of  a .plane  number,  by  any  other  number) 
whatever.  Thus,  i8  Isa  Solid  number,  produced  from 
the. plane  number  6 and  3,  or  from  9 and  2. 

Solid  See  Locus. 

Solid  Problem'^  is  one  which  cannot  be  conflrudled 
geometrically;  but  by  thfe  interfedtion  of  a circle  and 
a conic  fedlion,  or  by  the  interfe^fion  of  two  conic  fec- 
tions.  Thus,,  to  deferibe  an  ifofceles  triangle  on  a 
given. bate,  io  that  either  angle  at  the  bafe  lhall  be  triple 
©f  .that  at  the  vertex^  is  a Solid  problem,  refolved  by 
the  interfedlion  of  a parabola  and  circle^  and  it  ferves 
to  inlcribe  a regular  heptagon  in  a given  circle. 

In  like  manner,  to  deferibe  an  ifofceles  triangle  hav- 
ing  its  angles  at  the  bafe  each  equali  to  4 times  that  at 
the  vertex,  is  a Solid  problem,  e&dled  by  the  interfec- 
tion  of  an  hyperbola  and  a parabola,  and  ferves  to  in- 
feribe  a regular  nonagon  in  a given  circle. 

And  fuch  a problem  as  this  has  four  folutions,  and 
no  more  ; becaufe  two  conic  fedlions  can  interfecl  but 
in  4 points. 

How  all  fuch  problems  are  conftrudfed,  is  fhewn  by 
Dr.  Halley,  in  the  Philof.  Tranf.  num.  1B8. 

Solid  of  Fecft  Refjiance.  See  Resistance. 

Surfaces  of  Solids.  See  Area  and  Superfi- 
cies. 

Solid  ’Theorem,  See  Theorem. 

SOLIDITY,  in  Phyfics,  a property  of  matter  or 
body,  by  which  it  excludes  every  other  body  from  that 
place  which  is  poffefled  by  itfelf. 

Solidity  in  thisfenfe  is  a property  common  to  all  bo- 
dies, whether  folid  or  fluid.  It  is  ufually  called  impe- 
netrability ; but  Solidity  expreffes  It  better,  as  carrying 
with  it  fomewhat  more  of  poiitive  than  the  other, 
which  is  a negative  idea. 

The  idea  of  Solidity,  Mr.  Locke  obferves,  arifes 
from  the  refiflance  we  find  one  body  makes  to  the  en- 
trance of  another  into  its  own  place.  Solidity,  he  adds, 
feems  the  moft  extenfive  property  of  body,  as  being 
that  by  which  we  conceive  it  to  fill  fpace  ; it  is  diilln- 
gullbed  trom  mere  fpace,  by  this  latter  not  being  capa- 
ble of  refiftance  or  motion. 

It  is  dillinguiflied  from  hardnefs,  which  Is  only  a 
firm  cohefion  of  the  folid  parts. 

The  difficulty  of  changing  fituation  gives  no  more 
Solidity  to  the  hardeft  body  than  to  the  foftell  ; nor  is 
the  hardtif  diamond  properly  a jot  more  folid  than  wa- 
teri.<  By  this  we  dlltinguilh  the  idea  of  the  extenfion 
o.f  body,  from  that  of  the  extenfion  of  fpace  : that  of 
body  Is  the  continuity  or  cohefion  of  folid,  feparable, 
moveable  parts ; that  of  fpace  the  continuity  ot  unfo- 
hd,  infeparable,  immoveable  parts. 

The  Cartefians  however  will,  by  all  means,  deduce 
Solidityv  or  as  they  call  it  impenetrability,  from  the 
nature  of  extenfion  ; they  contend,  that  the  idea  of 
the  former  is.  contained  in  that,  of  the  latter  ; and  hence 
they  argue  again  It  a vacuum.  Thus,  fay  they,  one 
cubic  foot  of  extenfion  cannot  be  added  to  another 
w'ithout  having  two  cubic  feet  of  extenfion  ; for  each 
I:as  In  itfelf  ail  that  is  required  to  conllitute  that  mag- 
nitude. And  hence  they  conclude,  that  every  part  of 
{pace  is  folid,  or  impenetrable,  as  of  its  own  nat.urc  it 


excludes  all  others.  But  the  conclufion  is  falfe,  and  • 
tlie  inltance  they  give  follows  from  this,  that  the  parts  - 
of  fpace  are  immoveable,  not  from  their  being  impene- 
trable or  folid.  See  Matter. 

Solidity  Is  alfo  ufed  for  hardnefs,  or  firmnefs  ; a*- 
oppofed  to  fluidity  ; viz,  W'hen  body  is  confidered  ei- 
ther as  fluid  or  folid,  or  hard  or  firm. 

Solidity,  in  Geometry,  denotes  the  quantity  of 
fpace  contained  in  a folid  body,  or  occupied  by  it  ; • 
called  alfo  the  folia  content,  or  the  cubical  content ; for 
all  folids  are  meafured  by  cubes,  whofe  Tides  are  inches, 
or  feet,  or  yards,  &c  ; and  hence  the  Solidity  of  a 
body  is  faid  to  be  fo  many  cubic  Inches,  feet,  yards, 
&c,  as  will  fill  its  capacity  or  fpace,  or  another  of  an 
equal  magnitude. 

The  Solidity  of  a cube,  parallelopipedon,  cylinder, 
or  any  other  prifmatic  body,  i.  e.  one  whofe  parallel  ■' 
fedlions  are  all  equal  and  fimilar  throughout,  is  found 
by  multiplying  the  bafe  by  the  height  or  perpendi- 
cular altitude.  And  of  any  cone  or  other  pyramid, 
the  Solidity  is  equal  to  one-third  part  of  the  fame 
prifm,  becaufe  any  pyramid  is  equal  to  the  3d  part  of 
its  circumfenbing  prifm.  Alio,  becaufe  a fphere  or 
globe  may  be  confidered  as  made  up  of  an  Infinite 
number  of  pyramids,  whofe  bafes  form  the  furface  of 
the  globe,  and  their  vertices  all  meet  in  the  centre,  or 
having  their  common  altitude  equal  to  the  radius  of  the 
globe  ; therefore  the  folid  content  of  it  is  equal  to  one- 
third  part  of  the  product  of  its  radius  and  furfacc. 
For  the  Solidity  of  other  figures,  fee  each  figure  fepa-  - 
rately. 

The  foregoing  rules  are  fuch  as  are  derived  from 
common  geometry.  But  there  are  in  nature  number- 
lefs  other  forms,  wdiich  require  the  aid  of  other  me- 
thods and  principles,  as  follows. 

Of  the  Solidity  ^ Bodies  formed  by  a Plane-  revolting 
about  any  Axis,  either  nvithin  or  without  the  Body, — 
Concerning  fuch  bodies,  there  is  a remarkable  proper- 
ty or  relation  between  their  Solidity  and  the  path  or  ' 
line  deferibed  by  the  centre  of  gravity  of  the  revolving 
plane  ; viz,  the  Solidity. of-  the  body  generated,  whe-  - 
ther  by  a whole  revolution,  or  only  a part  of  one,  is 
always  equal  to  the  produdf  arifing  from  the  generat- 
ing plane  drawn  into  the  path  or  line  deferibed  by  its  • 
centre  of  gravity,  during  its  motion  in  defcribing  the 
body.  And  this  rule  holds  true  for  figures  generated 
by  all  forts  of  motion  whatever,  whether  rotatory,  or  di- 
rccl:  or  parailel,  or  irregularly  zigzag,  &c,  provided  the 
geneiating  plane  vary  not,  but  continue  the  fame 
throughout.  And  the  fame  law  holds  true  alfo  for  ■ 
all  furfacts  any  how  generated  by  the  motion  of  alright 
line.  This  is  called  the  Ceatrobaric  method.  . See  my  ^ 
Menfiiration,  fed.  3,  part  4,  pa  501,  zd  edit. 

Of  ihe  Solidity  of  Bvd'cs  by  the  Method  of  Fluxions, 
— This  method  applies  very  advantageoufly  in  all  c&fes  • 
alfo  in  which  a body  is  conceived  to  be  generated  by  the 
revolution  of  a plane  figure  about  an  axis,  or,  which  is 
much  the  fame  thing,  by  the  parallel  motion  of  a circle, 
giadually  expanding  and  contrading  itfelf,  according 
to  the  nature  of  the  generating  plane.  And  this  me- 
thod is  particularly  uleful  for  the  folids  generated  by 
any  curviiineal  plane  figures.  Thus,  let  the  plant 
AED  revolve  about  the  axis  AD  ; then  it  will  generate 
the  folid  ABFEC.  But.  as  every  ordinate  DE,  per- 
pendicular 
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' fcndicular  to  tlie  axis  AD,  de- 
fcribcs  a circle  BCEF  In  the  re- 
volution, therefore  the  fame  fo- 
lic! may  be  conceived  as  generated 
by  a circle  BCEF,  gradually  ex- 
panding itfelf  larger  and  larger, 
and  moving  perpendicularly  along 
the  axis  AD.  Confequently  the 
area  of  that  circle  being  drawn 
into  the  fluxion  of  the  axis,  will 
produce  the  fluxion  of  the  folid  ; and  therefore  the 
fluent,  when  taken,  will  give  the  Solidity  of  that  bo- 
dy. That  is,  AD  X circle  BCF,  (whofe  radius  is  DE, 
•or  diameter  BE)  is  the  fluxion  of  the  Solidity. 

Hence  then,  puttingADrz:  x,  DE  = y,  c = 3*1416  ; 
becaiife  cy'^  is  equal  to  the  area  of  the  circle  BCF  ; 
tiierefore  cy’^x  is  the  fluxion  of  the  folid,  ConCequent- 
ly  if  the  value  of  either  or  at  be  found  in  terms  of 
each  other,  from  the  given  equation  exprefling  the  na- 
ture of  the  curve,  and  that  value  be  fubflituted  for  it  in 
the  fluxional  expreflion  cy^x,  the  fluent  of  the  refulting 
quantity,  being  taken,  will  be  the  required  Solidity 
of  the  body. 

For  Ex.  Suppofe  the  figure  of  a parabolic  conoid, 
generated  by  the  rotation  of  the  common  parabola 
ADE  about  its  axis  AD.  In  this  cafe,  the  equation 
of  the  curve  of  the  parabola  is  yjjv  where p denotes 

the  parameter  of  the  axis.  Subflltuting  therefore  px  in- 
Head  of  in  the  fluxion  cy'^x^  it  becomes  cpxx  ; and 
the  fluent  of  this  \s\cpx^  = ^cxy'^^ori\\e  Solidity  ; that 
is,  half  the  produdf  of  the  bafe  of  the  folid  drawn  into 
its  altitude  ; for  cy'^  is  the  area  of  the  circular  bafe  BCF, 
and  A’  is  the  altitude.  And  fo  on  for  other  fuch  figures. 
See  the  content  of  each  folid  under  its  proper  article. 

For  the  Solidity  of  Irregular  Solids^  or  fuch  as  can- 
not be  confidered  as  generated  by  feme  regular  mo- 
tion or  defeription  ; they  muff  either  be  confidered  as 
cut  or  divided  into  feveral  parts  of  known  forms,  as 
prifms,  or  pyramids,  or  wedges,  Ice,  and  the  contents 
of  thefe  parts  found  feparately.  Or,  in  the  cafe  of  the 
fmaller  bodies,  of  forms  fo  irregular  as  not  to  be  eafily 
divided  in  that  way,  put  them  into  fome  hollow  regu- 
lar veflel,  as  a hollow  cylinder  or  parallelopipedon,  &c  ; 
then  pour  in  water  or  faiid  fo  as  it  may  fill  the  veflel 
juft,  up  to  the  top  of  the  inclofed  irregular  body,  noting 
the  height  it  rlfes  to  ; then  take  out  the  body,  and  note 
the  height  the  fluid  again  flands  at  ; the  difference  of 
thefe  two  heiglits  is  to  be  confidered  as  the  altitude  of  a 
prifm  of  the  fame  bafe  and  form  as  the  hollow  veflel ; 
and  confequently  the  produdl  of  that  altitude  and  bafe 
will  be  the  accurate  Solidity  of  the  immerged  body,  be 
it  ever  fo  irregular. 

SOLSTICE,  in  Aftronpmy,  is  the  time  when  the 
^ fun  is  in  one  of  the  folflitial  points,  that  is,  when  he 
is  at  the  greatefl:  diftance  from  the  equator,  which  is 
now  nearly  23°  28^  on  either  fide  of  it.  It  is  fo  called, 
becaufe  the  fun  then  feems  to  Hand  ftlll,  and  not  to 
change  his  place,  as  to  declination,  either  way. 

There  are  two  Solftices,  in  each  year,  when  the  fun 
is  at  the  greatefl;  diftance  on  the  north  and  fouth  fides  of 
the  ecliptic  ; viz,  the  ejllval  or  Jammer foljiice^  and  the 
hyemal  or  ‘winter  JolJlice, 

The  Summer  Solflke  is  wlieo  the  fun  is  in  the  tropic  of 


Cancer;  which  is  about  the  21ft:  of  June,  when  Iig 
makes  the  longeft  day.  And 

The  Winter  Soljlice  is  when  he. enters  the  firft  degree 
of  Capricorn  ; which  is  about  the  22d  day  of  Decem- 
ber, when  he  makes  the  flrorteft  day. 

This  is  to  be  underftood,  as  in  our  northern  hemi- 
fphere  ; for  in  the  fouthern,  the  fun’s  entrance  into 
Capricorn  makes  their  fummer  Solftice,  and  that  into 
Cancer  the  winter  one.  So  that  it  is  more  precife  and 
determinate,  to  fay  the  northern  and  fouthern  Solftice. 

SOLSTITIAL  Points,  arethofe  points  of  the  eclip- 
tic the  fun  is  in  at  the  times  of  the  two  Solftices,  being 
the  firft  points  of  Cancer  and  Capricorn,  which  arc 
diametrically  oppofite  to  each  other. 

Solstitial  Colure,  is  that  which  paffes  through 
the  Solftltial  points. 

SOLUTION,  in  Mathematics,  is  the  anfwering  or 
refolving  of  a queftion  or  problem  that  is  propofed* 
See  Resolution,  and  Reduction  of  Equations. 

Solution,  in  Phyfics,  is  the  reduction  of  a folid  or 
firm  body,  into  a fluid  ftate,  by  means  of  fome  menftru- 
um. — Solution  is  often  confounded  with  what  is  called 
diffolution,  though  there  is  a difference. 

SOSIGENES,  was  an  Egyptian  mathematician, 
whofe  principal  fludies  were  chronology  and  the  mathe- 
matics in  general,  and  who  flourifhed  in  the  time  of 
Julius  Cffifar.  He  is  reprefented  as  well  verfed  in  the 
mathematics  and  aftronomy  of  the  Ancients;  particu?- 
larly  of  thofe  celebrated  mathematicians,  Thales,  Ar- 
chimedes, Hipparchus,  Calippiis,  and  many  others, 
who  had  undertaken  to  determine  the  quantity  of  the 
folar  year  ; which  they  had  afeertained  much  nearer 
the  truth  than  one  can  well  imagine  they  fhould,  with  In- 
llruments  fo  very  imperfedl ; as  may  appear  by  refer- 
ence to  Ptolomy’s  Almageft. 

It  feems  Sofigenes  made  great  improvements,  and 
gave  proofs  of  his  being  able  to  demonilrate  the  cer- 
tainty of  his  difcoverles  ; by  which  means  he  became 
popular,  and  obtained  repute  with  thofe  who  had  a ge- 
nius to  underftand  and  relifh  fuch  enquiries.  Hence  he 
was  fent  for  by  Julius  Casfar,  who  being  convinced  of  his 
capacity,  employed  him  in  reforming  the  calendar  ; and 
it  was  he  who  formed  the  Julian  year  which  begins  45 
years  before  the  birth  of  Clirift.  His  other  works  are 
loft  fince  that  period. 

SOUND,  in  Geography,  denotes  a ftrait  or  inlet 
of  the  fea,  between  two  capes  or  head -lands. 

The  Sound  is  ufed,  by  way  of  eminence,  for  that 
celebrated  ftrait  which  connects  the  German  fca  to  the 
Baltic.  It  is  fituated  between  the  ifland  of  Zealand 
and  the  coaft  of  Schonen.  It  is  about  16  leagues  in 
length,  and  in  general  about  5 in  breadth,  except  near 
the  caftle  of  Cronenberg,  where  it  is  but  one  ; fo  that 
there  is  no  paffage  for  veffels  but  under  the  cannon  of 
the  fortrefs. 

Sound,  in  Phyfics,  a perception  of  the  mind,  com- 
municated by  means  of  the  ear;  being  an  effedt  of  the 
coliifion  of  bodies,. ! and-. ^their  confequent  ti*emulous 
motion,  communicated  to  the  ambient  fluid,  and  fo 
propagated  through  it  to  the  organs  of  hearing. 

To  illuftrate  the  caufe  of  Sound,  itis  to  be  obferved, 
I ft,  That  a motion  is  necefi'ary  in  the  fonorous  body 
for  the 'prodii6lion,of  found.  2dly,  That  this  motion 
exifta  firft  in  thefmall  and  infenfible  parts  of  the  fonorous 
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bodies,  and  is  excited  in  them  by  their  mutual  colll- 
Hon  againft  each  other,  which  produces  the  tremulous 
motion  fo  obfervable  In  bodies  that  have  a clear  found, 
as  bells,  mufical  chords,  &c.  Sdly,  That  this  motion 
is  communicated  to,  or  produces  a like  motion  In  the  air, 
or  fuch  parts  of  it  as  are  fit  to  receive  and  propagate 
it.  Lallly,  That  this  motion  muft  be  communicated 
to  thofe  parts  that  are  the  proper  and  immediate  inftru- 
ments  of  hearing. 

Now  that  motion  of  a fonorous  body,  which  Is  the 
immediate  caufe  of  Sound,  may  be  owing  to  two  diffe- 
rent caufes  ; either  the  pcrcuffion  between  It  and  other 
hard  bodies,  as  in  drums,  bells,  chords.  See  ; or  the 
beating  and  daflilng  of  the  fonorous  body  and  the  air 
immediately  againff  each  other,  as  in  flutes,  trum- 
pets, &c. 

But  in  both  thefe  cafes,  the  motion,  which  is  the 
confequence  of  the  mutual  aflion,  as  well  as  the  Imme- 
diate caufe  of  the  fonorous  motion  which  the  air  con- 
veys to  the  ear,  isfuppofed  to  be  an  invifible,  tremulous 
or  undulating  motion,  in  the  fmall  and  Infenfible  parts 
of  the  body.  Perrault  adds,  that  the  vifible  motion 
of  the  groffer  parts  contributes  no  otherwife  to  Sound, 
than  as  it  caufes  the  invifible  motion  of  the  fmaller 
parts,  which  he  calls  particles,  to  diflingulfh  them 
from  the  fenfible  ones,  which  he  calls  parts,  and  from 
the  fmalleft  of  all,  which  are  called  corpufcles. 

The  fonorous  body  having  made  Its  impreflion  on  the 
contiguous  air,  that  impreffion  is  propagated  from 
one  particle  to  another,  according  to  the  laws  of  pneu- 
matics. 

A few  particles,  for  In  fiance,  driven  from  the  fur- 
face  of  the  body,  pufh  or  prefs  their  adjacent  particles 
into  a lefs  fpace  ; and  the  medium,  as  It  is  thus  rarefied 
in  one  place,  becomes  condenfed  In  the  other  ; but  the’ 
air  thus  compreffed  in  the  fecond  place,  is,  by  Its  elafll- 
clty,  returned  back  again,  both  to  its  former  place  and 
its  former  flate  ; and  the  air  contiguous  to  that  is  com- 
preffed  ; and  the  like  obtains  when  the  air  lefs  cam- 
preffed,  expanding  itfelf,  a new  compreffion  is  gene- 
rated. Therefore  from  each  agitation  of  the  air  there 
arlfes  a motion  in  it,  analogous  to  the  motion  of  a 
wave  on  the  furface  of  the  \rater  ; which  is  called  a 
wave  or  undulation  of  air. 

In  each  wave,  tire  particles  go  and  return  back  again, 
through  very  fliort  equal  fpaces  ; the  motion  of  each 
particle  being  analogous  to  the  motion  of  a vibrating 
pendulum  while  it  performs  two  ofclllations  ; and  moll 
of  the  laws  of  the  pendulum,  with  very  little  altera- 
tion, being  applicable  to  the  former. 

Sounds  are  as  various  as  are  the  means  that  concur  in 
producing  them.  Tlie  chief  varieties  refult  from  the 
figure,  conflltution,  quantit}',  &c,  of  the  fonorous 
body- ; the  manner  of  percuffion,  with  the  velocity  &c, 
of  the  confequent  vibrations  ; the  flate  and  conflltution 
of  the  medium  ; the  dlfpofition,  diflance,  &c,  of  the 
organ  ; the  obflacles  between  the  organ  and  the  fono- 
rous objedl  and  the  adjacent  bodies.  The  mofl  notable 
diftindtion  of  Sounds,  arifing  from  the  various  degrees 
and  combinations  of  the  conditions  above  mentioned, 
are  into  loud  and  low  (or  flrong  and  weak)  ; into 
grave  and  acute  (or  fharp  and  flat,  or  high  and  low)  ; 
and  into  long  and  Jhort.  The  management  of  which  is 
the  office  of  mufic. 


Euler  is  of  opinion,  that  no  Sound  making  fewer 
vibrations  than  30  in  a fecond,  or  more  than  7520,  is 
diflinguifhable  by  the  human  ear.  According  to  this 
dodlrine,  the  limit  of  our  hearing,  as  to  acute  and 
grave,  is  an  interval  of  8 odaves.  Tentam.  Nov.  Theor.. 
Muf.  cap.  1,  fed.  13. 

The  velocity  of  Sound  is  the  fame  with  that  of  the 
aerial  waves,  and  does  not  vary  much,,  whether  it  go 
with  the  Mund  or  againft  it.  By  the  wind  indeed  a cer- 
tain quantity  of  air  is  carried  from  one  place  to  another  j 
and  the  Sound  is  accelerated  while  its  waves  move 
through  that  part  of  the  air,  if  their  diredion 
be  the  fame  as  that  of  the  wind.  But  as  Sound  moves 
vaftly  fwifter  than  the  wind,  the  acceleration  it  will 
hereby  receive  is  but  inconfiderable  ; and  the  chief  ef- 
fed  we  can  perceive  from  the  wind  is,  that  it  Increafes 
and  dimlnlfhes  the  fpace  of  the  waves,  fo  that  by  help 
of  It  the  Sound  may  be  heard  to  a greater  diftance  than 
otherwife  it  would. 

That  the  air  is  the  ufual  medium  of  Sound,  appears 
from  various  experiments  in  rarefied  and  condenfed  air. 
In  an  unexhaufted  receiver,  a fmall  bell  may  be  heard 
to  fome  diftance  ; but  when  exhaiifted.  It  can  fcarce  be 
heard  at  the  fmalleft  diftance.  When  the  air  is  con- 
denied,  the  Sound  is  louder  in  proportion  to  the  con- 
denlation,  or  quantity  of  air  crowded  in  ; of  which 
there  are  many  inftances  in  Haukfbee’s  experiments,  in 
Dr.  Prieftley’s,  and  others. 

Belides,  founding  bodies  communicate  tremors  to 
diilant  bodies  ; for  example,  the  vibrating  motion  of  a 
mufical  ftring  puts  others  in  motion,  whofe  tenfion  and 
quantity  of  matter  difpofe  their  vibrations  to  keep  time 
with  the  pulfes  of  air,  propagated  from  the  ftring  that 
was  ftruck,  Galileo  explains  this  phenomenon  by  ob~ 
ferving,  that  a heavy  pendulum  may  be  put  in  motion 
by  the  leall  breath  of  the  mouth,  provided  the  blafts  be 
often  repeated,  and  keep  time  exactly  with  the  vibra- 
tions of  the  pendulum  ; and  alfo  by  the  like  art  in 
raifing  a large  bell. 

It  is  not  air  alone  that  Is  capable  of  the  imprefiions 
of  Sound,  but  water  alfo  ; as  is  manifeft  by  ftriking  a 
bell  under  water,  the  Sound  of  wliich  may  plainly 
enough  be  heard,  only  not  fo  loud,  and  alfo  a fourth 
deeper,  according  to  good  judges  in  mufical  notes. 
And  Mcrlenne  fays,  a Sound  made  under  water  is  of  the 
fame  tone  or  note,  as  if  made  In  air,  and  heard  under 
the  water. 

The  velocity  of  Sound,  or  the  fpace  through  which- 
it  is  propagated  in  a given  time,  has  been  very  diffe- 
rently eftimated  by  authors  wlio  have  written  concern- 
ing this  fubjed,  Roberval  Hates  it  at  the  rate  of  36a 
feet  in  a fecond  ; Gaflendus  at  1473  ; Merfenne  at 
1474  ; Duhamel,  In  the  Hiftory  of  the  Academy  of 
Sciences  at  Paris,  at  1338;  Newton  at  q68  ; Der- 
ham,  In  whofe  meafure  Flamftccd  and  Halley  acqui-- 
efee,  at  1142. 

The  reafon  of  this  variety  is  aferibed  by  Derliam^ 
partly  to  fome  of  thofe  gentlemen  ufing  llrings  and 
plummets  inftead  of  regular  pendulums  ; and  partly  to- 
tlie  too  fmall  diftance  between  the  fonorous  body  and 
the  place  of  obfervation  ; and  partly  to  no  regard  being 
had  to  the  winds,. 

But  by  the  accounts  fince  piiblifhed  by  M.  Caftini  de- 
Thury,  in  the  Memoirs  of  the  Royal  Acad,  of  Scien- 
ces^ 
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-CCS  at'Pans,  173 S,  where  cannon  were  fired  at  various 
i as  well  as  great  diftances,  under ' many  varieties  of 
:v/eauher,  ^wind,  and  other  circumflances,  and  where  the 
.meafures  of  the  different  places  bad -been  fettled  with 
.the  utmoft  exaClnefsj  .it  was  found  that  Sound  was  pro- 
pagated, on  a medium,  at  the  rate  of  1038  French  feet 
'in  a fecond  of  time.  But  the  French  foot  is  in  propor- 
tion to  the  Englifh  as  15  to  16  ; ;®nd  confeqiiently  103S 
. French  feet  are  equal  to  1107  Englifh  feet.  Therefore 
the  difference  of  the  meafures  of  Derham  and  Caffini 

• is  35  Englifh  feet,  or  33  Fi*€PjEh  feet,  in  -a  fecond. 
The  medium  velocity  of  Sound  therefore  is  nearly  at 

’;the  rate  of  a mile,  or  5280  feet,  in  4|  feconds,  or  a 
league  in  14  feconds,  or  i 3 miles  in  a minute.  But  fea 
.miles  are  to  land  miles  nearly  as  7 to  6 ; and  therefore 
iSound  moves  over  a fea  rri'iie  in  feconds  -nearly,  or  a 
ffea  league  in  1-6  feconds. 

Farther,  it  is  a common  obfervation,  that  perfons  in 
'"good  health  have  about  75  pulfations,  or  beats  of  the 
. 'artery  at  the -wrift,  in  -a  mmute  ; conTcquently  in  75  piil- 
.fations,  Sound  dlies  about  13  land  miles,  or  iif  fea 
miles,  which  is  about  I land  mile  in  6 pulfes,  or 
c^ne  fea  mile  in  7 pulfes,  or  a league  in  20  pulfes. 

And  hence  the  di fiance  of  objedts  may  be  found, 
■by  knowing  the  time  employed  by'Sound  in  moving 
fromthofe  objects  to  an  obferver.  For  Ex.  On  feeing 
Csthe  flafh  of  atTea,  if  54  beats  ©f  the  pulfe  at  the 

'wrid  were  counted  before  the  report  was  heardq  the 
difiance  of  the  gun  'will  eafily  be  found  by  dividing 
,,54  by  20,  which  gives.2*7  leagues,  or  about  8 miles. 

Upon  the  nature,  produftion,  and  propagation  of 
Sound,  fee  the  article  Phonics  and  Echo  ; alfo  the 
■Memoirs  of  the  Acad,  and  the  Phllof.  Tranf.  in  many 
.places  ; Newton,  Principia  ; Kircher,  Mefurgia  Univer- 
falis ; Merfenneq  Borelli,  Del  Suono  ; Prieftley,  Exper. 
and  Obferv.  vol.  5 ; Hales,  Sonorum  DoArina  rationa- 
lis  et  experimentalis  ; 4to  1778.  See  alfo  an  ingeni- 
ous treatife  publifhed  1790,  by  Mr.  Geo.  Saunders,  on 
Theatres  ; in  which  he  relates  many  experiments  made 
fcy  himfelfj  on  the  nature  and  -propagation  of  Sound, 
tin  this  work, 'he  file wS'tbe  great  effedf  of  water,  and 
-fome  other  bodies,  in  conduiSing  of  Sound,  probably 
by  rendering  the  air  more  denfe  near  them.  Some 

• of  his  conclufions  and  obfervations  are  as  follow: 

Earth  may  be  fuppofed  to  have  a tw'ofold  property 
with  refpedl  to  Sound.  Being  very  porous,  it  ahforbs 
Sound,  which  is  counterafted  by  its  property  of  con- 
<du(!ffing  Sound,  and  occafions  it  to  pafs  on  a plane,  in 
an  equal  proportion  to  its  progrefs  in  air,  unencumber- 
ed by  any  body. 

If  a Sound  be  fufficiently  intenfe  to  Imprefs  the 
earth  in  its  tremulous  quality,  it  will  be  carried  to  a 
'Confifierable  difiance,  as  when  the  earth  is  If  ruck  with 
any  thing  hard,  as  by  the  motion  of  a carriage,  horfes 
feet,  Sic. 

Plafier  is  proportionally  better  than  loofe  earth  for 
rondudfing  Sound,  as  it  is  more  compa6l. 

Clothes  of  every  kind,  particularly  woollen  cloths, 
are  very  prciudiclal  to  Sound : their  abforption  of 
Sound,  may  be  compared  to  that  of  water,  whicli  they 
greedily  imbibe. 

A number  of  people  fcated  before  others,  as  In  the 
pit  or  gallery  of  a theatre,  do  confiderably  prevent 
Uie  voice  reaching  thofe  behind;  and  hence  it  is,  that 


we  hear  fo  much  better  in  the  front  of  the  ‘gallerlcj,  dr 
of  any  fituation,  than  behind  others,  though  we  may  be 
nearer  to  the  fpeaker.  Our  feats,  rifing  fo  little  above 
each  other,  occafion  this  def€6l,  which  would  be  reme, 
died,  could  we  have  the  feats  to  rife  their  whole  height 
above  each  other,  as  in  the  ancient  theatres. 

, Paint  has  generally  been  thought  unfavourable  to 
Sound,  from  its  being  fo  to  mufical  inftruments,  whofe 
effcfls  it  quite  defiroys.  r 

Mufical  inflrutuelU^  mofily  depend  on  the  vihrative 
or  tremulous  property  of  the  material,  whic|j  a''body 
of  colour  hardened  ill  oil  muff  very  much  alter  ; but  we 
fliould  diftinguifh  that  this  regards  the  formation  of 
Sound,  which  may  not  altogether  be  the  cafe  in  the 
progrefs  of  it. 

Water  has  been  little  noticed,  with  refpeCt  to  Its  con- 
diuffing  Sound  ; but  it  will  be  found  to  be  of  the  great- 
efl  confequeiWe.  1 had  often  perceived  in  newly-tinifh- 
ed  hou’fes,  that  while  they  were  yet  damp,  they  pro- 
duced echoes  ; but-  that  the  echoing  abated  as  they 
dried. 

Exp.  When  I made  the  following  experiment  there 
was  a gentle  wind  ; confequently  the  water  was  propor- 
tionally agltatei^.  I chole  a quiet  part  of  the  river 
Thames,  near  Chelfea  Hofpital,  and  with  two  boats 
tried  the  diftance  the  yolce  would  reach.  On  the  water 
we  could  diftinftly  hear  a perfon  read  at  the  difiance 
of  140  feet,  on  land  at  that  of  76.  It  fliould  be  ob- 
ferved,  that  on  land  no  noife  intervened  ; but  on  the 
river  fome  noife  was  occafioned  by  the  flowing  of  the 
water  againfi;  the  boats ; fo  that  the  difference  on  land 
and  on  water  muft  be  much  more. 

Watermen  obferve,  that  when  the  W'ater  is  flill,  and 
the  weather  quite  calm,  if  no  noife  intervene,  a whif- 
•per  may  be  heard  acrofs  the  river  ; and  that  with  the 
current  it  will  be  carried  to  a much  greater  difiance, 
and  vice  verfa  Hgainfi  the  current. 

Mariners  well  know  the  difference  of  Sound  on  Tea 
and  land. 

When  a canal  of  water  was  laid  under  the  pit  floor 
of  the  theatre  of  Argentino,  at  Rome,  a furpriiing 
difference  was  obferved  ; the  voice  has  fiiice  been  heard 
at  the  end  very  diftindlly,  where  it  was  before  fcarce 
diflingulfhable.  It  is  obfervable  that,  in  this  part,  the 
canal  is  covered  with  a brick  arch,  over  which  there 
is  a quantity  of  earth,  and  the  timber.fioor  over  all. 

The  villa  Simonetta  near  Milan,  fo  remarkable  for 
its  echoes,  is  entirely  over  arcades  of  water. 

Another  villa  near  Rouen,  remarkable  for  its  echo, 
is  built  over  fubterraneous  cavities  of  water. 

A refer  voir  of  water  domed  over,  near  Stanmorc, 
has  a flrong  echo. 

I do  not  remember  ever  being  under  the  arches 
of  a flone  bridge  that  did  not  echo  ; which  is  not 
always  the  cafe  with  fimilar  firudlures  on  land. 

A lioufe  in  Lambeth  Marfii,  inhabited  by  Mr. 
Tin  tie,  is  veiy  damp  during  winter,  when  it  yields 
an  echo  which  abates  as  the  houfe  becomes  dry  la 
f 11  miner. 

Kircher  obferves,  that  echoes  repeat  more  by  night 
than  during  the  day  : he  makes  the  difference  to  be 
double. 

Dr  Plott  fays,  the  eclio  in  Woodfiock  park  repeat- 
ed xy  times  by  day,  and  30  by  night.  And  Addiion^f 
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experiment  at  tlie  Villa  Simonetta  was  in  a fog,  when 
it  produced  56  repetitions. 

After  all  thefe  inihances,  I think  little  doubt  can  re- 
main of  the  influence  water  has  on  Sound;  and  I con- 
clude that  it  conducts  Sound  more  than  any  other  body 
whatever. 

After  water,  ftone  may  be  reckoned  the  beft  con* 
■diicftor  of  Sound.  To  what  caufe  it  may  be  attri- 
buted, I leave  'to  future  enquiries  ; I have  con- 
fined myfelf  to  fpeak  of  fads  only  as  they  ap- 
pear. 

Stone  is  fonorous,  but  gives  a harfli  difagreeable 
tone,  unfavourable  to  mufle. 

Brick,  in  refped  to  Sound,  has  nearly  tlie  fame 
properties  as  ftone.  Part  of  the  garden  wall  of  the 
late  W.  Pitt,  Efq.  of  Kingfton  in  Dorfetfliire,  conveys 
a whifper  to  the  diftance  of  near  200  feet. 

Wood  is  fonorous,  condudive,  and  vibrativc  ; of  all 
materials  it  produces  a tone  the  moft  agreeable  and 
melodious  ; and  it  is  therefore  the  fitteft  for  rnuflcal 
inftruments,  and  for  lining  of  rooms  and  theatres. 

The  common  notion  that  whilpering  at  one  end  of 
a long  piece  of  timber  would  be  heard  at  the  other 
end,  I found  by  experiment  to  be  erroneous.  A ftick 
of  timber  65  feet  long  being  flightly  ftruck  at  one  end, 
a found  was  heard  at  the  other,  and  the  tremor  very 
perceptible : which  is  eafily  accounted  for,  when  we 
confider  the  number  or  length  of  the  fibres  that  com- 
pofe  it,  each  of  which  may  be  compared  to  a firing  of 
catgut. 

For  the  RejlcBion^  Refradiofi^  ^sfe,  of  Sound;  fee 
Echo,  and  Phonics. 

Articulate  Sound.  See  Articulate. 

Sound,  in  Mufic,  denotes  a quality  in  the  feveral 
agitations  of  the  air,  fo  as  to  make  mufic  or  har- 
mony. 

Sound  is  the  objed  of  mufic  ; which  is  nothing  but 
the  art  of  applying  Sounds,  under  fuch  clrcuni (lances 
of  tone  and  time,  as  to  ralfe  agreeable  fenfations. 
The  principal  affedlon  of  Sound,  by  which  it  becomes 
fitted  to  have  this  end,  is  that  by  which  it  is  diftin* 
guiflied  into  acute  and  grave.  This  difference  de- 
pends on  the  nature  of  the  fonorous  body  ; the  parti- 
cular figure  and  quantity  of  it ; and  even  in  lome 
cafes,  on  the  part  of  tlie  body  where  it  is  ftruck  : 
and  it  is  this  that  conftitutes  what  are  called  dlfererit 
tones. 

The  caufe  of  "this  difference  appears  to  be  no  other 
than  the  different  velocities  of  the  vibrations  bf  the 
foundmg  body.  Indeed  the  tone  of  a Sound  is  found, 
by  numerous  experiments,  to  depend  on  the  nature 
of  thofe  vibrations,  whofe  differences  we  can  conceive 
no  othcrwlfe  than  as  having  different  velocities  : and 
fince  it  is  proved  tliat  the  fmall  vibrations  of  the  fame 
chord  are  all  performed  in  equal  times,  and  that  the  tone 
of  a Sound,  which  continues  for  fome  time  after  the 
ftroke,  is  the  fame  from  firft  to  laft,  it  follows,  that 
the  tone  is  neceffarlly  connedled  with  a certain  quan" 
tity  of  time  in  m.akiiig  each  vibration,  or  each  wave  ; 
or  that  a certain  number  of  vibrations  or  waves,  made 
in  a given  time,  conftitute  a certain  and  determinate 
tone.  From  this  principle  are  all  the  phsenomena  of 
tune  deduced., 

If  the  vibrations  be  ifochronous,  or  performed  in  the 
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fame  time,  the  Sound  is  called  mufical,  and  is  faid  to 
continue  at  the  fame  pitch  ; and  it  is  alfo  accounted 
acuter,  (harper,  or  higher  than  any  other  Sound, 
whofe  vibrations  are  flower,  and  therefore  graver,  flat- 
ter, or  lower,  than  any  other  wfliofe  vibrations  are 
quicker.  See  Unison. 

From  the  fame  principle  arlfe  what  are  called  concords^ 
See  ; which  refalt  from  the  frequent  unions  and  coinci- 
dences of  the  vibrations  of  two  fonorous  bodies,  and 
confequently  of  the  pulfes  or  the  waves  of  the  air  occa* 
fioned  by  them. 

On  the  contrary,  the  refult  of  lefs  frequent  coin- 
cidences of  thofe  vibrations,  is  wftiat  is  called  dif- 
cord* 

Another  confiderable  diffinflion  of  mufical  Sounds, 
is  that  by  which  they  are  called  long  and  JJjort, 
owing  to  the  continuation  of  the  impulfe  of  the  effi- 
cient caufe  on  the  fonorous  body  for  a longer  or  ffiorter 
time,  as  in  the  notes  of  a violin  &c,  which  are  made 
longer  or  ffiorter  by  llrokes  of  different  length  or  quick* 
nefs.  This  continuity  is  properly  a fucceffion  of  feve- 
ral Sounds,  or  tlie  effedl  of  feveral  diftindf  llrokes,  or 
repeated  impulfes,  on  the  fonorous  body,  fo  quick, 
that  \vc  judge  it  one  continued  Sound,  efpecially 
where  it  is  continued  in  the  fame  degree  of  ftrength  ; 
and  hence  arifes  the  doClrine  of  meaftire  and  time* 

Mufical  Sounds  are  alfo  divided  into  firnple  and  coiH^ 
pound ; and  that  in  two  different  ways.  In  the  firft,  a 
Sound  is  faid  to  be  compound,  when  a number  of  fuc-  ^ 
ceffive  vibrations  of  the  fonortius  body,  and  the  air, 
come  fo  fall  upon  the  car,  that  w'e  judge  them  the 
fame  continued  Sound  ; like  as  in  the  phenomenon  of 
the  circle  of  fire,  caufed  by  putting  the  fired  end  of  a 
ftick  in  a quick  circular  motion  ; where  fuppofing  the 
end  of  the  ftick  in  any  point  of  the  circle,  the  idea  vve 
receive  of  it  there  continues  till  the  impreffion  is  renew- 
ed by  a fudden  return. 

A Simple  Sound  then,  with  regard  to  this  compo- 
fitlon,  ffiiould  be  the  effedl  of  a lingle  vibration,  or  of 
as  many  vibrations  as  are  neceflary  to  ralfe  In  us  the  idea 
of  Sound. 

In  the  fecond  fenfe  of  compofition,  a Ample 
Sound  is  the  produ£l-of  one  voice,  or  one  inftru* 
ment,  &c. 

A Compound  Sound  confiffs  of  the  Sounds  of  feve- 
ral dillincl  voices  or  inffruments  all  united  in  the  fame 
Individual  time,  and  meafure  of  duration,  that  Is,  all 
ftriking  the  ear  togethef,  whatever  their  other  dif- 
ferences may  be.  But  in  this  fenfe  again,  there  is 
a twofold  compofition  ; a natural  ancf  an  artificial 
one. 

The  natural  compofition  Is  that  proceeding  from 
the  manifold  reflections  of  the  firft  Sound  from  adja- 
cent bodies,  wliere  the  reflections  are  not  fo  fudden  as 
to  occafion  echoeSj  but  are  all  in  the  fame  tune  with 
the  firft  note. 

The  artificial  compofition,  which  alone  comes undet 
the  muliciaiFs  province,  is  that  mixture  of  feveral 
Sounds,  which  being  made  by  art,  the  Ingredient 
Sounds  are  feparable,  and  diffingulffi.able  from  one  ano- 
ther. In  this  fenfe  the  diftindl  Sounds  of  feveral 
voices  or  inftruments,  or  feveral  notes  of  the  fame  in- 
ftrument,  are  called  firnple  Sounds,  in  contradiff  indlioit 
to  the  compound  ones,  in  which,  to  anlwer  the  end 
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of  miific,  the  hmples  muft  have  fiich  an  agreement  in 
all  relations,  chiefly  as  to  acutenefs  and  gravity, 
as  that  the  car  may  receive  the  mixture  with  plea- 
fure. 

Another  diflinftion  of  Sounds,  with  regard  to  mu- 
flc,  is  that  by  which  they  are  laid  to  be  Jmooih  or  cdcv., 
and  rov'j^h  or  harjh^  alio  char  and  hoaife  : the  caide  ot 
which  difl’erence  depends  on  the  d)ij)o!ition  and  flate  of 
the  fonoroiis  body,  or  tlie  circtunnances  of  the  place  ; 
but  tiie  ideas  of  the  differences  mult  be  fought  from 
obfervation. 

Smooth  and  Rough  Sounds  depend  cbiefly  on  the 
founding-  body  ; of  which  we  have  a nolaifle  inflancein 
fh  inu's  that  are  uneven,  and  not  of  the  fame  dirneiiiioa 

O ^ 

and  conflitution  throughout. 

As  to  dear  and  hoarfe  Sounds,  they  depend  on  cir- 
cumflances  that  are  accidental  to  the  ionoi  ons  body, 
Tlius,  a voice  or  inllrument  will  be  iiollow  and 
hoarfe  if  founded  within  an  empty  hogflaead,  tliat 
yet  is  clear  and  blight  out  of  it:  the  effedf  is -owing 
to  the  mixture  of  different  Sounds,  railed  by  reflec- 
tions, which  corrupt  and  change  the  fpecies  of  the  pri- 
mitive Sound.  '' 

For  Sounds  to  be  fit  to  obtain  the  end  of  miific, 
they  ought  to  be  fmooth  and  clear,  efpecially  the  flrft  ; 
fince,  without  this,  they  cannot  have  one  certain  and 
difeernibie  tone,  capable  of  being  compared  to  otiiers, 
in  a certain  relation  of  acutenefs,  wffich  the  ear  may 
judge  of.  So  that,  with  Malcolm,  we  call  that  an 
harmonic  or  mufical  Sound  which,  being  clear  and 
even,  is  agreeable  to  the  ear,  and  gives  a certain  and 
difeernibie  tune  (hence  called  tunable  Sound),  wdilch 
is  the  fubjedt  of  the  whole  theory  of  harmony. 

Wood  has  a particular  vibrating  quality,  owing  to 
its  elatticity  ; and  all  mufical  inllruments  made  of  this 
matter,  are  of  a thicknefs  proportioned  to  the  fuper- 
ficies  of  the  wood,  and  the  tone  they  are  to  pro- 
duce. 

Metals  are  fonorous  and  vibrative,  producing  a harfh 
tone,  very  ferviceable  to  fome  parts  of  mufic.  Mod 
wind  iiiflruments  are  made  of  metal,  which  is  aefed 
upon  in  its  clallic  and  tremulous  quality,  being  capable 
of  being  reduced  very  thin  for  that  purp»ofe.  Inftru- 
ments  of  this  kind  are  fuch  as  horns,  trumpets,  &c. 
Some  Inflruments  however  depend  more  on  the  form 
than  the  material ; as  flutes,  for  inffance,  which,  If 
their  lengths  and  bore  be  the  fame,  have  very  little  dif- 
ference in  their  Sounds,  whatever  the  matter  of  them 
may  be.  See  Harmonical, 

SOUND-Board,  the  principal  part  of  an  organ, 
and  that  which  m.akes  the  whole  machine  play.  This 
Sound-board,  or  fummer,  is  a refervoir  into  which  the 
wind,  drawn  in  by  the  bellows,  is  condudfed  by  a port- 
vent,  and  thence  diffributed  into  the  pipes  placed  over 
the  holes  of  its  upper  part.  This  wind  enters  them  by 
valves,  which  open  by  prcffing  upon  the  flops  or  keys, 
after  drawing  the  regifiers,  which  prevent  the  air  from 
going  Into  any  of  tlie  other  pipes  befide  thofe  it  is  re- 
quired in. 

SouND-(^o^rff  denotes  alfo  a thin  broad  board  placed 
over  the  head  of  a public  fpeaker,  to  enlarge  and  ex- 
tend or  ftrengthen  his  voice. 

Sound-boards,  In  theatres,  are  found  by  experience 
10  be  of  no  fervice  ; their  diflance  from  the  fpeaker 

4 


being  too  great,  to  be  impreffed  with  fufflcient  force. 
But  Sound-boards  immediately  over  a pulpit  have  often 
a good  effedi,  when  the  cafe  is  made  of  ajult  tlucknefs, 
and  according  to  certain  principles. 

SouND-A(p'?,  is  a pofl  ])laced  vvithinfide  of  a violin,. 
&c,  as  a prop  between  the  back  and  the  belly  of  the  in- 
flrmnent,  and  nearly  under  the  bridge, 

SOUNDING,  in  Navigation,  the  adf  of  trying  the 
depth  of  the  water,  and  the  quality  of  the  bottom,  by 
a line  and  plummet,  or  other  artiiice. 

At  fea,  there  are  two  plummets  ufed  for  this  purpofe, 
both  fhaiped  like  the  fruiium  of  a eone  or  pyramid. 
One  of  thefc  is  called  the  hand-lead,  weighing  about 
8 or  qlh  ; and  the  other  the  decp-iea-iead,  weighing 
from  25  to  yolb.  The  former  is  ufed  in  flrallow  waters, 
and  the  latter  at  a great  diltacce  from  the  fhore.  The 
line  of  the  hand-lead,  is  about  2^  fathoms  in  length, 
and  marked  at  every  2 or  3 fatlioms,  in  this  manner, 
vi/,  at  2 and  3 fathoms  from  the  lead  tlmre  are  marks 
of  black  leather  ; at  c fathoms  a white  rag,  at  7 a red 
rag,  at  10  and  at  13  black  leather,  at  15  a white  rag, 
and  at  1 7 a red  one. 

Sounding  with  the  hand-lead,  which  the  feamen  call 
heaving-  the  lead,  is  generally  performed  by  a man  who 
Hands  in  the  main-chains  to  windward.  Flaving  the 
line  all  ready  to  run  out,  without  Interruption,  he  holds 
it  nearly  at  the  diftance  of  a fathom  from  the  plummet, 
and  having  fwung  the  latter  backwards  and  forwards 
three  or  four  times,  In  order  to  acquire  the  greater  ve- 
locity, he  fwings  it  round  his  head,  and  thence  as  far 
forw^ard  as  is  neceffary  ; fo  that,  by  the  lead’s  finking 
whilft  the  Ihip  advances,  the  line  may  be  almoft  perpen- 
dicular when  it  reaches  the  bottom.  The  perfon  found- 
ing then  proclaims  the  depth  of  the  water  in  a kind  of 
fong refembling  theories  of  hawkers  in  a city  ; thus,  if 
the  mark  of  9 be  clofe  to  the  furface  of  the  water,  he 
calls,  ‘ by  the  mark  5,’  and  as  there  is  no  mark  at  4, 
6,  8,  &c,  he  eftimates  thofe  numbers,  and  calls,  ‘ by 
the  dip  four,  &c.’  If  he  judges  it  to  be  a quarter  ora  half 
more  than  any  particular  number,  he  calls,  ‘ and  a quarter 
5,’  ‘ and  a half  4’  &c.  If  he  conceives  the  depth  to  be 
three  quarters  more  than  a particular  number,  he  calls 
it  a quarter  lefs  than  tlie  next:  thus,  at  4 fathom  |,  he 
calls,  ‘ a quarter  lefs  3,’  and  fo  on. 

The  deep-fea-lead  line  is  marked  with  2 knots  at  20 
fathom,  3 at  30,  4 at  40,  &c  to  the  end.  It  is  alfo 
marked  with  a fingle  knot  at  the  middle  of  each  interval, 
as  at  23,  33,  43  fathoms,  &c.  To  ufe  this  lead  more 
effedlually  at  fea,  or  in  deep  water  on  the  fea-coaft,  it 
is  ufual  previoufly  to  bring-to  the  fliip,  in  order  to  re- 
tard her  courfe  : the  lead  is  then  thrown  as  far  as  poffible 
from  the  Ihip  on  the  line  of  her  drift,  fo  that,  as  it  finks, 
the  fhip  drives  more  perpendicularly  over  it.  The  pilot 
feeling  the  lead  ftrike  the  bottom,  readily  difeoversthe 
depth  of  the  water  by  the  mark  on  the  line  neareft  its 
furface.  The  bottom  of  the  lead,  which  is  a little 
liollowed  there  for  the  pnrpofe,  being  alfo  well  rubbed 
over  with  tallow,  retains  the  diflinguifihing  marks  of  the 
bottom,  as  fliells,  ooze,  gravel,  &c,  which  naturally 
adhere  to  it. 

The  depth  of  the  water,  and  the  nature  of  the  ground, 
which  are  called  the  Soundings,  are  carefully  marked 
in  the  log-book,  as  well  to  determine  the  diftance  of 
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tlie  place  from  the  fhore,  as  to  correci;  the  obfervations 
of  former  pilots.  Falconer. 

For  a machine  to  meafure  unfathomable  depths  of  the 
fea,  fee  Altitude. 

Sounding  the  pumpy  at  fea,  is  done  by  letting  hill 
a fmall  line,  \^  ith  fome  weight  at  the  end,  down  into 
the  pump,  to  know  what  depth  of  water  there  is  in  it. 

SOU  1 H,  one  of  the  four  cardinal  points  of  the 
wind,  or  cornpafs,  being  that  which  is  dirtdlly  oppofite 
to  the  north. 

South  Dire 3 Dials.  See  Prime  Verticals. 
SOUTHEP.N  Htmifphere,  Vigns,  bA,  tliofe  in  the 
fouth  fide  of  the  equator. 

SOUTHING,  in  Navigation,  the  difference  of 
latitude  made  by  a fliip  in  failing  to  the  fouthward. 

SPACE,  denotes  room,  place,  ditlance,  capacity, 
extenlion,  duration,  &c. 

When  Space  is  confidered  barely  in  length  between 
any  two  bodies,  it  gives  the  fame  idea  as  that  of  diitance. 
When  it  is  confidered  in  length,  breadth,  and  thick- 
nefs,  it  is  properly  called  capacity.  And  when  con- 
fidered  between  the  extremities  oi  iv.attcr,  which  fills 
the  capacity  of  Space  with  fomething  folid,  tangible, 
and  moveable,  it  is  then  called  extenfion. 

So  that  extenfion  is  an  idea  belonging  to  body  only; 
but  Space  may  be  confidered  without  it.  1 hereto  re 
Space,  in  the  general  lignification,  is  the  fame  thing 
with  dillance  confidered  every  way,  whether  there  be 
any  matter  in  it  or  not. 

Space  isufually  divided  into  ahfoliite  atid  relati^ve, 

Aljolute  Space  isthatwdiich  is  confidered  in  its  own 
nature,  without  regard  to  any  thing  external,  which 
always  remains  the  fame,  and  is  Infinite  and  immove- 
able. 

, Relative  Space  is  that  moveable  dimenficn,  or  mea- 
fure of  the  former,  wdiicli  our  fenfes  define  by  its  pofi- 
tions  to  bodies  within  it;  and  this  the-vulgar  ufe  for 
immoveable  Space, 

Relative  Space,  in  magnitude  and  figure,  is  always 
the  lame  wdtb  ablblute  ; but  it  is  not  neceffary  it  fliould 
be  fo  numerically-  Thus,  when  a fliip  is  perfeClly  at 
reft,  then  the  places  of  all  things  within  her  are  the 
fame  both  abfoluicly  and  relatively,  and  nothing  changes 
its  place  ; but,  on  the  contiary,  when  thefiiip  is  under 
fail,  or  in  motion,  fhe  continually  paffes  through  new 
parts  of  ablohite  Space  ; thougli  all  things  on  board, 
confidered  relatively,  "in  refpeft  to  the  Ihip,  may  yet 
be  in  the  fame  places,  or  have  the  fame  fituation  and 
pofition,  in  regard  to  one  another. 

The  Cartefians,  who  make  extenfion  the  cffence  of 
matter,  affert,  that  the  Space  any  body  takes  up,  is 
the  fame  thing  wu'th  the  body  Itfelf ; and  that  there  is 
no  filch  thing  In  the  univerfe  as  mere  Space,  void  of 
all  matter  ; thus  making  Space  or  extenfion  a lubilancc. 
See  this  difproved  under  Vacuum. 

Among  thofe  too  who  admit  a vacuum,  and  con- 
feqiiently  an  effential  difference  between  Space  and 
matter,  there  are  fome  who  affert  that  Space  is  a fiib- 
fiance.  Amonu  thefe  we  find  Gravefandc,  Introd.  ad 
Philof.  Tea.  19.^ 

Others  again  put  Space  into  the  fame  clafs  ofbeirgs 
as  lime  and  number  ; thus  making  it  to  be  no  more 
than  a notion  of  the  mind.  So  that  according  to  thefe 
authors,  abfolute  Space,  of  which  the  Newtonians 


fpeak,  is  a mere  chimera.  See  the  writings  of  the  late 
bifhop  Berkley. 

Space  and  time,  according  to  Dr.  Clarke,  are  attri- 
butes of  the  Deity;  and  the  impoffibllity  of  annihilating 
thefe,  even  111  idea,  is  the  fame  with  that  of  the  necci- 
fary  exlftence  of  the  Deity. 

Space,  in  Geometry,  denotes  the  area  of  any  figure; 
or  that  which  fills  the  interval  or  diftance  between  the 
lines  that  terminate  or  bound  it.  T bus, 

The  Parabolic  Space  is  that  Included  in  the  whole 
parabola.  The  conchoidal  Space,  or  the  ciffoidal 
Space,  is  wTat  is  included  within  the  cavity  of  the  con- 
choid or  ciffoid.  And  the  atymptotic  Space,  is  wdiat 
is  included  between  an  hyperbolic  curve  and  Its  aiymp- 
tote.  By  the  new  methods  now  Introduced,  of  apply- 
ing  algebra  to  geometry,  it  is  demonftrated  that  tnc 
conchoidal  and  ciffoidal  Spaces,  though  infinitely  ex- 
tended In  length,  are  yet  only  finite  magnitudes  or 
Spaces. 

Space,  in  Mechanics,  is  the  line  a moveable  body, 
confidered  as  a point,  is  conceived  to  deienbe  by  its 
motion.  . i 

SPANDREL,  wn'th  Builders, 
is  the  fpace  included  between  the 
curve  of  an  arch  and  the  ftraight 
or  right  lines  which  Incioie  it  ; 
as  the  fpace  a,  or  b. 

SPEAKING  Trumpet,  Speaking 
SPECIES,  in  Algebra,  are  the  letters,  fymbols, 
marks,  or  charaders,  which  reprefent  the  quantities 
in  any  operation  or  equation. 

This  fliort  and  advantageous  way  of  notation  was 
chiefly  Introduced  by  VIeta,  about  the  year  1590; 
and  by  means  of  which  he  made  many  difcoverles  in 
algebra,  not  before  taken  notice  of. 

The  rcafon  why  Mieta  gave  this  name  of  Species  to 
the  letters  of  the  alphabet  ufed  in  algebra,  and  hence 
called  Arithmetica  Speciofa,  feems  to  have  been  in 
Imitation  of  the  Civilians,  who  call  cafes  In  law  that 
are  put  abflraftedly,  between  John  a Nokes  and  Tom 
a Stiles,  between  A and  B ; fuppofing  thofe  letters  to 
Hand  for  any  perfons  indefinitely.  Such  cafes  they  call 
Species;  whence,  as  the  letters  of  the  alphabet  will 
alfo  as  well  reprefent  quantities,  as  perfons,  and  that 
alfo  Indefinitely,  one  quantity  as  .well  as  another,  they 
aie  properly  enough  called  Species;  that  is  general 
fymbols,  marks,  or  charaders.  From  wTence  the 
literal  algebra  hath  fince  been  often  called  Specious 
Arithmetic,  or  Algebra  In  Species. 

Species,  in  Optics,  tiie  image  painted  on  the  retina 
by  the  rays  of  light  refleded  from  the  feveral  points  of 
the  furfacc  of  an  objed,  received  in  by  the  pupil,  and 
colleded  In  their  pafiage  through  the  cryftalline,  &c. 

Philofoohers  have  been  in  great  doubt,  whether  the 
Species  of  objeds,  which  give  the  foul  an  occafion' of 
feeing,  are  an  effnfion  of  die  fubftance  of  the  body  ; 
or  a mere  imprelfi-on  whicli  they  make  on  all  ambient 
bodies,  and  which  thefe  rdl  relied,  when  in  a-  proper 
dlfpofition  and  diftance;  01  lalUy,  whether  they  are  not 
fome  other  more  luhtile  body,  as  light,  which  receives 
all  thefe  imprefiions  fi-om  bodies,  and  is  continually 
fent  and  returning  from  one  to  another,  with  the  dif- 
ferent imprefiions  and  figures  it  has  taken,  But  the 
moderns  have  decided  this  point  by  their  invention  of 
3 F 2 artificial 
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artificial  eyes,  inwhich  the  Species  of  objects  are  te- 
ceived  on  a paper,  in  the  fame  manner  as  the^  aie  re* 
ceived  in  the  natural  eye. 

SPECIFIC,  in  Philofophy,  that  which  is  proper 
and  peculiar  to  any  thing;  or  that  cbara^-tevifcs  it,  and 
dhUngaiihes  it  from  every  other  thing.  1 hus,  theai- 
tradting  of  iron  is  Specific  to  the  ioaditone,  oi  is  a bpe- 
cific  property  of  it. 

A juft  definition  fnoLild  contain  the  Specuic  notion 
of  the  thing  defined,  or  that  which  Ipecifies  and  dif- 

tinguhhes  it  from  every  thing  elfe.  ^ ^ _ 

Specific  Gra-vily^  m Iftydroftatics,  is  the  lelative 
proportion  of  the  weight  of  bodies  of  the  lame  bulk. 
See  Specific  Gravity, 

Specific  Gravity  of  living  men,  Mr.  John  Robert- 
fon,  late  librarian  to  the  Royal  Society,  in  order  to 
determine  the  Specific  gravity  of  men,  prepared  a ciitein 
78  inches  long,  30  inches  wide,  30  inches  deep  ; and 
having  procured  10  men  for  his  purpose,  the  height  ox 
each  was  taken  and  his  weight  ; and  afterwards  they 
plunged  fiiccefiively  into  the  clftern.  A ruler  or  fcale, 
graduated  to  inches  and  decimal  parts,  was  fixed  to 
one  end  of  the  ciftern,  and  the  height  of  the  water 
fhown  by  it  M-as  noted  before  each  man  went  in,  and 
to  what  height  it  rofe  when  he  immerfed  himfelf  unuer 
its  furface.  The  following  table  contains  the  feveral 
refults  of  his  experiments : 
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larlythe  mean  Specific  Gravity,  0*891,  which  is  about 
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No- 

Heipilit. 

Weight. 

Water 

Solidity. 
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raifed, 

water. 
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Ft. 

In. 

lbs. 

Inches, 

Feet, 

ibs. 

I 

6 

2 

161 

I *90 

2*573 
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2 

5 

10 1 

147 

1*91 

.2*586 
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3 

5 

9^ 

156 

1-85 

2*505 
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4 

5 

140 

2*04 

2*763 
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5 

5 

I 58 

2*o8 

2-8  17 

176*0 

6 

5 

52 

158 

2*17 

2-939 
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7 

5 

4I- 

140 

2*01 

2*722 

170*1 

8 

3 

4I 

121 

1*79 
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ICI*5 

9 

3-4 

146 

I' 73 

2*343 

146*4 

10 

5 

132 

1*83 
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1 56*0 
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ot"  all. 

5 

6| 

146 

i’933 

2*6 1 8 

163*6 

Specific 
gravity. 
(Wat.  i) 


I*COI 
0*90 1 

0*99 1 

o"8o  I 

0-900 

0*849 

o 823 

0*800 

0*997 

0*843 


A lefs  than  common  water. 


One  of  the  reafons,  Mr.  Robertfon  fays,  that  Induced 
him  to  make  thefe  experiments,  was  a defire  of  knowing 
what  Quantity  of  timber  would  be  fufricient  to  keep  a 
man  afloat  in\*ater,  thinking  that  moil  men  were  fpe- 
cifically  heavier  than  river  or  cornmon  freih  water  ; but 
the  contrary  appears  from  the  trials  above  recited  ; for, 
except  the  firft,  every  man  was  lighter  than  an  equal 
bulk  of  frefli  water,  and  much  more  io  than  that  of  iea- 
water.  So  that,  if  perfons  who  fall  into  water  had 
prefence  of  mind  enough  to  avoid  the  fright  ufual  on 
fuch  occafions,  many  might  be  preferved  from  crown- 
ing ; and  a piece  of  wood  not  larger  than  an  oar,  would 
buoy  a man  partly  above  water  as  long  as  he  had  llrength 
or  fpirits  to  keep  his  hold.  Philof,  Tranf.  vol.  50, 

^^Vromthe  laftline  of  the  table  appears  the  mediuin  of 
all  tlie  circumftauces  of  height,  weight,  &c  ; particu- 


SPECTACLES,  an  optical  machine,  confifting  of 
two  lenfes  fet  in  a frame,  and  applied  on  the  nofe,  to 
aftift  in  defefils  of  the  organ  of  fight. 

Old  people,  and  all  prefbytee,  uie  Speaacles  of  con- 
vex lenfes,  to  maixe  amends  for  the  flatnels  of  the  eye, 
which  does  not  make  the  rays  converge  enough  to  have 
them  meet  in  the  retma. 

Short-fig  hted  people,  or  my  ops,  life  concave  lenfes, 
to  prcventJhe  rays  fiom  converging  io  fait,  on  account 
of  the  greater  roundnefs  of  the  eym,  or  ftnallnefs  of  the 
fpliere,  which  is  fuch  as  to  make  them  meet  before 
they  reach  the  retina.  ' 

F.  Cfierubin,  a capuclfin,  defciibes  a kind  of  .Spec- 
tacle telefcopes,  for  viewing  remote  objedls  with  both 
eyes;  and  hence  called  hinoQull,  Though  F.  Rheita 
had  mentionsd  the  lame  before  him,  in  his  Oculus 
Enoch  et  Eli^.  See  Binocle.  The  fame  author 
invented  a kind  of  Spedtacles,  Vvuth  three  or  foui  glaifcSj. 
which  performed  very^  well. 

The  invention  of  Speitades  has  been  much  difpiited. 
They  were  certainly  not  known  to  the  ancients.  Eian- 
eifeo  Redi,  in  a learned  treatife  on  Spedacles,  contends 
that  they  were  firft  invented  between  the  years  1280 
and  1311,  probably  about  1290  ; and  adds,  that  Alex- 
a,nder  de  Spina,  a monk  of  the  orcer  of  Predicants  of 
St.  Catharine,  at  Pifa,  firft  communicated  the  feept,, 
which  was  of  his  own  invention,  upon  leaining  tnat 
another  perfon  had  it  as  well  as  himfelf. 

The  author  tells  us,  that  in  an  old  manufcrlpt  ftill 
preferved  111  his  library",  compofed  in  I299>  Spedlacles- 
are  mentioned  as  a thing  invented  about  that  time  i 
and  that  a celebrated  Jacobin,  one  Jourdori  de  Rivaltp 
in  a treatife  compofed  in  1305,  fays  pxprefsly,  that  It 
■w"as  not  yet  20  years  fmee  the  invention  of  Spedlacles. 
He  like  wife  quotes  Bernard  Gordon  in  his  Lilium  Me- 
dicinre,  written  the  fame  y-ear,  where  he  Ipeaks  of  a 
collyiTum,  good  to  enable  an  old  man  to  reao  without, 
Spedlacles. 

Muflehenbroek  obferves,  (Introd.  vol.  2,  pa.  7^*^) 
that  it  is  Inlcribed  on  the  tomb -of  Salviniis  Armatus,  a 
nobleman  of  Florence,  who  died  in  1317,  that  he  was- 
the  inventor  of  Spedlaeles. 

Du-Cangc,  however,  carries  the  invention  of  Spec- 
tacles farther  back  ; alfuring  us,  that  there  is  a Greek 
poem  in  manufeript  in  the  hrench  king’s  library,  which, 
ftiews,  that  Spediacles  were  in  ufe  in  the  year  11501., 
however  the  diaionary  of  the  Academy  Della  Crufea, 
under  the  word  occhialeif  inclines  to  Reoi  s lide  , and. 
quotes  a paffage  from  Jourdon  s feiinons,  which  fays 
that  Spedlacles  had  not  been  20  years  in  ufe  ; and  Sal- 
vati  has  obferved  ' that  thofe  fermons  were  compofed 
between  the  years  1330  and  1336. 

It  is  probable  that  the  firft  hint  of  the  conftniaion 
and  ufe  of  Speaacles,  was  derived  from  the  writings 
either  of  Alhazen,  who  lived  in  the  12th  century,  or 
of  our  own  countryman  Roger  Bacon,  who  was  born, 
in  E214,  and  died  in  1292,  or  1294.  The  following, 
remarkable  paffage  occurs  In  Bacon’s  Opus  Majus  by 
Jebb,  p.  332.  Si  vero  homo  afpiciat  llteras  et  alias  res 
mlnutas  per  medium  cryftalll,  vel  vitri,  vel  alterius 
perfpicui  fuppofiti  literis,  et  fit  portio  minor  fpherie, 

cuius  convexitas  fit  verfus  oculum  et  oculus  fit  in  aere, 

longs 


S P H 


S P H 


[ 477  ] 


longe  melius  vldebit  literas,  et  apparebunt  ei  majores. 
li,t?deohoc  inllrumentiim  eft  utile  fenibus  et  habentibus 
ociilos  debiles : nam  literam  quantumcunque  parvam 
poffunt  videre  in  fufficienti  magnitudine.  Hence,  and 
from  other  pafiages  in  his  writings,  much  to  the  fame 
purpofe,  Molyntux,  Piott,  and  others,  have  attributed 
to  him  the  invention  of  reading-glafles.  Dr.  bmith 
indeed,  obferving  that  there  are  fome  miftakes  in  his 
reafoning  on  this  fubjeft,  has  difputed  his  claim.  See 
IVJolyneux’s  Dioptr,  p.  256.  Smith’s  Optics,  Rem. 
86 — 89. 

SPECULATIVE  Geometry,  Mathematics,  Mufic, 
and  Philofophs,  See  the  Substantives. 

SPECULUM,  or  Mirror,  in_  Optics,  any  poljflied 
body,  impervious  to  the  rays  of  liglit  ; fucn  as  polilhed 
metals,  and  glaftes  lined  with  quickfilver,  or  any  other 
opake  matter,  popularly  called  Looking-glalTes  ; or 
even  the  furface  of  mercury  or  of  water,  Stc. 

For  the  fcveral  kinds  and  forms  ot  Specula,  plane, 
concave,  and  convex,  with  their  theoiy  and  piienoinena, 
fee  Mirror.  And  for  their  laws  and  elfedts,  fee 

Reflection  and  Burninc;  Glap, 

As  for  the  Specula  of  reflecting  teiefcopes,  it  may 
here  be  obfei^ved,  that  the  perfedlion  of  the  metal  of 
which  they  Ihould  be  made,  confifts  in  its  hardnefs, 
whitenefs,  and  compaCtnefs  ; for  upon  thefe  properties 
the  reflective  powers  and  durability  of  the  Specula  de- 
pend. There  are  various  compolitions  recommended 
for  thefe  Soecula,  in  Smith’s  Optics,  book  3?  cb*  ■2> 
fed.  787  ; alfo  by  Mr.  Mudge  in  the  Philof.  Tranl. 
vol.  67  ; and  in  various  other  places,  as  by  Mi.  Ed- 
wards,  in  the  Naut.  Aim.  for  1787,  vvhofe  metal  is  the 
whiteft  and  bell  of  any  that  1 have  feen.'  hor  the  me- 
thod of  grinding,  lee  Grinding. 

Mr.  Hearne’s  method  of  cleaning  a tarnifhed  Specu- 
luci  was  this  : Get  a little  of  the  ftrongeft  foap  ley 
from  the  foap-makers,  and  having  laid  the  Speculum 
on  a table  with  its  face  upwards,  put  on  as  much  of 
the  ley  as  it  will  hold,  and  let  it  remain  about  an  hour  : 
then  rub  it  foftly  with  a filk  or  muflin,  till  the  ley  is  all 
gone  ; then  put  on  fome  Ijnrit  of  wine,  and  rub  it  diy 
with  another  part  of  the  filk  or  mulhn._  If  the  Specu- 
lum will  not  perform  well  after  this,  it  mull  be  new 
poiiflied.  A lew  faint  fpots  of  tarnirn  may  be  rubbed 
off  with  fplvit  of  wine  only,  without  the  ley.  Smith  s 

Optics,  Rem.  p.  107.  . 3 1 i * n 

SPHERE,  in  Geometry,  a folid  body  contained 

under  one  fmgle  uniform  furface,  every  point  of  which 
is  equally  diftant  from  a certain  point  in  the  middle 

called  its  centre. 

The  Sphere  may  be  fuppofed 
to  be  generated  by  tne  revolu- 
tion of  a femicircle  ABD  about 
its  di-m;ter  AB,  which  is  alfo 
called  the  axis  of  the  Sphere, 
and  the  extreme  points  of  the 
axis,  A and  B,  poles  of  the 

Sphere;  alfo  the  middle  of  tjie  ^ a .l  r 
aL  C is  the  rr/i/rr,  and  half  the  axis,  AC,  ih^raaius. 

Properties  of  the  Sphere,  are  as  follow. 

I.  A Sphere  may  be  confidered  as  made  up  of  an 
■infinite  number 'of  pyramids,  vvhofe  common  altitude 
6 


is  equal  to  the  radius  of  the  Sphere,  and  all  their  bafes 
form  the  furface  of  the  Sphere.  And  therefore  the 
folid  content  of  the  Sphere  is  equal  to  that  of  a pyra- 
mid whofe  altitude  Is  the  radius,  and  its  bafe  is  equal 
to  the  furface  of  the  Sphere,  tliat  is,  the  folid  con- 
tent is  equal  to  -f  of  the  produdl  of  its  radius  and 
furface. 

2.  A Sphere  is  equal  to  I of  its  circumfcrlbing  cy- 
Iinder,  or  of  the  cylinder  of  the  fame  height  and  diame- 
ter, and  therefore  equal  to  the  cube  of  the  diameter 
multiplied  by  *5236,  or  | of  *7854;  or  equal  to  dou- 
ble a cone  of  the  fame  bale  and  height.  Hence  alfo  dif- 
ferent Spheres  are  to  one  another  as  the  cubes  of  their 
diameters.  And  their  iurlaces  as  the  fquares  of  the 
Em.e  diameters. 

3.  The  furface  or  fuperficies  of  any  Sphere,  is  equal 
to  4 times  tlie  area  of  its  great  circle,  or  of  a circle  of 
the  lame  diameter  as  the  Sphere.  Or 

' 4.  7'he  furface  of  the  whole  Sphere  is  equal  to  the 
area  of  a circle  whofe  radius  Is  equal  to  the  diameter  of 
the  Sphere.  And,  in  lik-e  manner,  the  curve  furface 
of  any  fegment  EDF,  whether  greater  or  lefs  than  a 
hemifphere,  is  equal  to  a circle  whofe  radius  is  the 
chord  H..e  DE,  diavvii  fiom  the  vertex  1)  of  the  feg- 
ment  to  the*  circumference  ot  its  bafe,  or  the  chord  of 
half  its  arc. 

The  curve  furface  of  any  fegment  or  zone  of  a 
Sphere,  is  alfo  eqmil  to  the  curve  furface  of  a cylinder  of 
tliL  fame  height  with  that  portion,  and  of  the  fame 
diameter  with  the  Sphere.  Alfo  the  furface  of  the 
whole  Sphere,  or  of  an  hemifphere,  is  equal  to  the 
curve  furface  of  Iks  circumicnbing  cylinder.  And  the 
curve  furiaces  of  their  correfponding  parts  are  equal, 
that  are  contained  between  any  two  places  parallel  to 
the  bafe.  And  confequently  the  furface  of  any  feg- 
ment or  zone  of  a Sphere,  is  as  its  height  or  alti- 
tude. 

Mod  of  thefe  properties  are  contained  in  Archimedes’s 
treatife  on  the  Sphere  and  cylinder.  And  many  other 
rules  for  the  furiaces  and  fluidities  of  Spheres,  their 
fegments,  zones,  fi-iifturns,  &c,  may  be  feen  in  my 
Menfuratlon,  part  3,  fedt.  1,  piob.  10,  dec. 

Hence,  if  d denote  the  diameter  or  axis  of  a Sphere, 
s its  curve  furface,  c Its  folid  content,  and  a — ’7^54 
the  area  of  a circle  whofe  diam.  is  i ; then  we  fhall, 
from  the  foregoing  properties,  have  thefe  follow'ing 
general  values  or  equation?,  viz, 

s lac'^ 
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Dodririe  of  the  Sphere.  See  Spherics. 

ProjePion  of  the  Sphere,  See  Pro  j e c t i o n . 

Sphere  ofylPivity,  of  any  body,  is  that  determinate 
fpace  or  extent  all  around  it,  to  which,  and  no  farther, 
the  cjHu.via  or  the  virtue  of  that  body  reaches,  and  in 
which  it  operates  according  to  the  nature  of  the  body. 
See  Activity. 

Sphere,  in  Aftronomy,  that  concave  orb  or  ex- 

panfe  which  invelts  ovir  globe,  and  in  which  the  hea- 
* venly 
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ve-nly  bodies,  tbe  fun,  moon,  liars,  planets,  and  comets, 
appear  to  be  fixed  at  an  equal  dillance  from  the  eye. 
'^rhisisalfo  called  the  Sphere  of  the  world  ; and  it  is  the 
fubjedl  of  Iphcrical  allronomy. 

This  Spherth  as  it  includes  the  fixed  liars,  from 
whence  it  is  fonictimes  called  tlie  Sphere  of  the  jixed 
JIars,  is  immcnfely  great.  S a mucli  fo,  that  the  diame- 
ter of  the  earth’s  orbit  is  vafciy  fmall  in  relpeil  of  it  ; 
and  confequently  the  centre  of  the  Sphere  is  mjt  fenfibly 
changed  by  any  alteration  of  the  fpcdlator’s  place  in  the 
ieveral  parts  of  the  orbit  : but  Hill  in  all  points  of  the 
earth’s  furface,  and  at  all  times,  tlie  inhabitants  have 
t.he  fame  appearance  of  the  Sphere  ; that  is,  the  fixed 
liars  feem  to  pofl'eis  the  fame  points  in  the  furface  of 
the  Sphere.  For,  our  way  of  judging  of  the  places 
Sre  of  the  liars,  is  to  conceive  right  lines  drawn  from 
the  eye,  or  fiorn  the  centre  of  the  earth,  through  thiC 
centres  of  the  liars,  and  thence  continued  till  they  cut 
the  Sphere  4 and  the  pr  ints  where  thefe  lines  fo  meet 
the  Sphere,  are  the  apparent  places  of  thofe  Fars. 

The  better  to  determine  the  places  of  the  heavenly 
bodies  in  the  Sphere,  feveral  circles  are  conceived  to 
be  drawn  in  the  furlace  of  it,  which  are  called  circles 
€-f  the  Sphere. 

Sphere,  In  Geography,  See,  denotes  a certain  dif- 
pofition  of  the  circles  on  the  lurface  of  the  earth,  with 
regard  to  one  another,  which  varies  in  the  different 
parts  of  it. 

The  circles  originally  conceived  on  the  furface  of  the 
Sphere  of  the  world,  are  almoll  all  transferred,  by  aiia- 
logy,  to  the  furface  of  the  earth,  where  they  are  con- 
ceived to  be  drawn  diredfly  underneatli  thofe  of  the 
Sphere,  or  in  the  fame  pofitions  with  them  ; fo  that, 
if  the  planes  of  thofe  of  the  earth  were  continued  to 
the  Sphere  of  the  liars,  they  would  coincide  with  the 
refpedlive  circlts  on  it.  Thus,  we  have  an  horizon, 
meridian,  equator,  &c,  on  the  earth.  And  as  the 
equinodfial,  or  equator,  in  the  heavens,  divides  the 
Sphere  into  two  equal  parts,  the  one  north  and  the 
other  foiith,  fo  does  the  equator  on  the  furface  of  the 
earth  divide  its  globe  in  the  fame  manner.  And  as  the 
meridians  in  the  heavens  pafs  through  the  poles  of  the 
equinoctial,  fo  do  thofe  on  the  earth,  he.  With  regard 
then  to  the  pofition  of  fome  of  theie  circles  in  refpeCt  of 
others,  we  have  a rights  an  oLliqtie^  and  a parallel 
Sphere. 

A Right  or  DireB  Sphere,  (fig.  4,  plate  26),  is 
that  wliich  has  tlie  poles  of  the  world  PS  in  its  horizon, 
and  the  equator  tQ^in  the  zenith  and  nadir.  The 
inhabitants  of  this  Sphere  live  exadly  at  the  equator 
of  th.e  enrtl),  or  under  the  line,  d bey  have  therefore 
no  latitude,  nor  no  elevation  of  tire  pole.  They  can 
fee  both  poles  of  tic  world;  all  the  fears  do  rife,  cul- 
minate, and  fet  to  them  ; and  the  fun  always  rifes  at 
right-angles  to  their  horizon,  making  their  days  and 
nights  always  of  equal  hngth,  becaufe  the  horizon 
bifeds  the  circle  of  the  dimnal  revolution. 

An  OlUqtie  oJ’here,  ffig.  plate  26),  is  that  in 
which  the  equator  as  alfo  the  axis  PS,  cuts  the 

horizon  HO  ohliquelv.  In  this  Sphere,  one  pole  P is 
above  tdie  horizon^  and  the  other  below  it  ; and  there- 
fore the  inhabitants  of  it  fee  always  the  former  pole, 
Fut  pever  the  latter ; the  fun  and  liars  ho.  all  rife  and 


fet  obliquely  ; and  the,  days  and  nights  are  always  vary- 
ing, and  growing  alternately  longer  and  fliorter. 

A Parallel  Sphere,  (fig.  6,  plate  26)',  is  that  which 
has  the  equator  in  or  parallel  to  the  horizon,  as  well 
as  all  the  fun’s-patallels  of  declination.  Hence,  the  poles 
are  in  the  zenith  and  nadir  ; the  fun  and  Fars  move 
always  quite  around  parallel  to  the  horizon,  the  in- 
habitants, if  any,  being  juF  at  the  two  poles,  having 
6 Rionths  continual  day,  and  6 months  night,  in  each 
year  ; and  the  greatell  height  to  wliich  the  fun  rifes 
to  them,  is  23°  28 h or  equal  to  his  greatcF  declina- 
tion. 

Armillary  or  Artificial  Sphere,  is  an  aFronomIcal 
inFrument,  reprefenting  the  feveral  circles  of  the  Sphere 
in  their  natural  order  ; ferving  to  give  an  idea  of  the 
office  and  pofition  of  each  of  them,  and  to  refolve  va- 
rious problems  relating  to  tliern. 

It  Is  thus  called,  as  confiFing  of  a number  of  rings 
of  brafs,  or  other  matter,  called  by  the'Latins  armillre, 
from  their  refembling  of  bracelets  or  rings  for  the 
arm. 

By  this,  it  is  diFingaiiflied  from  the  globe,  which, 
tliough  it  has  all  the  circles  of  the  Sphere  on  its  furface; 
yet  is  not  cut  into  armillse  or  rings,  to  reprefent  the 
circles  fimply  and  alone  ; but  exliibits  alfo  the  inter- 
mediate fpaces  betw^een  the  circles. 

Arm  illary  Spheres  are  of  different  kinds,  with  re- 
gard to  the  pofition  of  the  earth  in  them  ; whence  they 
become  diFinguifhed  into  Ptolomaic  and  Copernican 
Spheres  ; in  the  firF  of  which,  the  earth  is  in  the 
centre,  and  in  the  latter  near  the  circumference,  ac- 
cording to  the  pofition  which  that  planet  obtains  In 
thofe  fyFems. 

The  Ftoloraaic  Sphere,  is  that  commonly  in  ufe, 
and  is  reprefented  in  fig.  6,  plate  2,  vol.  i,  with  the 
names  of  the  feveral  circles,  lines,  he  of  the  Sphere 
inferibed  upon  it.  In  the  middle,  upon  the  axis  of  the 
Sphere,  is  a ball  T,  reprefenting  the  earth,  on  the  fur- 
face of  which  are  the  circles  &c  of  the  earth.  The 
Sphere  is  made  to  revolve  about  the  laid  axis,  which 
leraains  at  reF  ; by  which  means  the  fun’s  diurnal  and 
annual  courfes  about  the  earth  are  reprefented  according 
to  the  Ptolomaic  hypothefis  : and  even  by  means  of 
this,  all  problems  relating  to  the  phenomena  of  the 
fun  and  earth  are  refolved,  as  upon  the  celeFial  globe, 
and  after  the  fame  manner  ; which  fee  deferibed  under 
Globe. 

Copirnicrtn  Sphere,  fig.  7,  plate  2 fi,  is  very  different 
from  the  Ptolomaic,  both  in  its  confiitution  and  ufe; 
and  is  more  intricate  in  both.  Indeed  the  inFrument 
is  In  the  hands  of  fo  few  people,  and  its  ufe  fo  incon- 
fiderahlc,  except  what  we  have  in  the  other  more  com- 
mon Inilvuments,  particularly  the  globe  and  the  Pcolo- 
maic  Sphere,  that  any  farther  account  of  it  is  iiii* 
neceFary. 

Dr.  Long  had  an  Armillary  Sphere  of  glafs,  of  a 
very  large  fize,  which  is  deferibed  and  reprefented  in 
his  AFronorny.  And  Mr.  Ferguloii  conFriiifhed  a 
fimilar  one  of  brafs,  which  is  exhibited  in  his  Lectures, 
p.  1 94  &c. 

SPHERICAL,  fomething  relating  to  the  fphere. 
As, 

Spherical  Angle,  is  the  angle  formed  on  the  fur- 
face of  a Sphere  or  globe  by  the  circumferences  of 
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two  p;reat  circles.  This  angle, 
formed  by  the  -circumferences, 
is  equal  to  that  iorrned  by  the 
plant  s of  the  fame  circles,  or 
equal  to  the  inclination  of  thofe 
two  planes  ; or  equal  to  the 
angle  made  by  their  tangents 
at  the  angular  point.  Thus, 
the  inclination  of  the  two 
planes  CAF,  CEF,  forms  the  Spherical  Angle  ACE, 
equal  to  the  tangential  angle  PCQ^ 

The  meafiire  of  a Spherical  Angle,  ACE,  is  an  arc 
of  a great  circle  AE,  defcribed  from  the  vertex  C,  as 
from  a pole,  and  Intercepted  between  the  legs  CA  and 
CE. 

Hence,  ill,  Since  the  inclination  of  the  plane  CEF 
to  the  plane  CAF,  is  every  where  the  fame,  the  angles 
in  the  oppofite  interfeffions,  C and  F,  are  equal.' — 2d, 
Kence  the  meafurc  of  a Spheiical  Angle  ACE,  is  an 
arc  defciibed  at  tlie  interval  of  a quadrant  CA  or 
CE,  from  the  vertex  C between  the  legs  CA,  CE.. — 
3d,  If  a circle  of  the  fphere  CEFG  cut  another  AEBG, 
the  adjacent  angles  AEG  and  BFC  are  togetlier  equal 
to  two  right  angles  ; and  the  vertical  angles  AEC, 
BEF  are  equal  to  one  another.  Alfo  all  the  angles 
formed  at  the  fame  point,  on  the  fame  fide  of  a ciiclc, 
are  equal  to  two  right  angles,  and  all  thofe  quite  around 
any-  point  equal  to  four  right  angles. 

Spherical  Triangle,  is  a triangle  formed  upon  the 
furface  of  a fphere,  by  the  interfering  arcs  of  three  great 
circles;  as  the  triangle  ACE. 

Spherical  Triangles  are  either  rlght-atigleel,  oblique, 
equilateral,  ifofcelcs,  or  Jcalene,  in  tlie  fame  manner  as 
plane  triangles.  They  are  alfo  faid  to  be  qvadrantal, 
when  they  have  one  fide  a quadrant.  Two  fides  or  two 
angles  are  faid  to  be  of  \\\ft  fame  ajJ'eEiion,  when  they  are 
at  the  fame  time  cither  both  greater,  or  both  Icfs  than  a 
quadrant  or  a right  angle  or  90° ; different  affeBions, 

when  one  is  greater  and  the  other  lefsthaii  90  degrees. 

Properties  0/ Spherical  Triangles, 

1.  Spherical  Triangles  have  many  properties  in  com- 
mon with  plane  ones  : Such  as,  That,  in  a triangle, 
equal  fides  fubtend  equal  angles,  and  equal  angles  are 
fubtended  by  equal  fides  : That  the  greater  angles  are 
fubtended  by  the  greater  fides,  and  the  lets  angles  by 
the  lefs  fides. 

2,  In  every  Spherical  Triangle,  each  fide  Is  lefs  than 
a femicircle  : any  two  fides  taken  together  arc  greater 
than  the  third  fide  ; and  all  the  three  fides  taken  toge- 
therare  lefs  than  the  whole  circumference  of  a circle. 

3..  In  every  Spherical  Triangle,  any’'  angle  Is  lefs  than 
2 right  angles  ; and  the  fum  of  all  the  three  angles 
taken  together,  is  greater  than  2,  but  lefs  than  6,  right 
angles. 

4.  In  an  oblique  Spherical  Triangle,  if  the  angles 
at  the  bafe  be  of  the  fame  afreaion,  tlie  perpendicular 
from  the  other  angle  falls  within  the  triangle  ; but  if 
they  be  of  different  affeaions,  the  perpendicular  falls 
without  the  triangle. 

Hr.  Mafleelyne’s  remarks  on  the  properties  of  Sphe- 
rical Triangles,  are  as  follow  ; (See  the  Introd.  to  my 
Logs,  pa,  i6q,  2d  edition.) 


3.  A Spherical  Triangle  is  equilateral,  ifofcelar,  or 
fcalene,  according  as  it  has  its  tiiree  angles  ah  equal, 
or  two  of  them  equal,  or  all  three  unequal  ; ana  vice 
verfa. 

6.  The  greatefl  fide  is  always  oppofite  the  greatefl 
angle,  and  the  fmahefi  fide  oppofite  the  fmallcif  angle. 

7.  Any  two  fides  taken  together  are  greater  than 
the  third. 

8.  If  the  three  angles  ai-e  all  acute,  or  all  right? 
or  all  obtufe  ; the  three  fides  will  be,  acr<wdingly,  all 
lefs  tiran  90”,  or  equal  to  90°,  or  greaitr  than  90°  ; 
and  vice  vei'fa. 

9.  If  from  the  three  angles  A,  B,  C,  of  a triangle 
ABC,  as  poles,  there  be  defcrilied,  upon  the  ^furface 
of  the  fphere,  three  ai*ciies  of  a great  circle  l)h.,  DF, 
]^"E,  forming  by^  their  interfedf ions  a new  Spherical 
Triangle  DEF  ; each  fide  of  the  new  triangle  will  be 
the  fup{)lement  of  the  angle  at  Its  pole  ; and  each  angle 
of  the  fame  triangle,  will  he  the  fupplernent  of  the  fiGS 
oppofite  to  it  in  the  triangle  ABC. 


10.  In  any  triangle  GUI  or  GJA,  right  angled  in 
G,  ill,  The  angles  at  the  hypotcmife  are  always  of  the- 
lame  kind  as  their  oppofite  lides  ; 2dly'^,  ^ he  hypotenuF, 
is  lefs  or  greater  than  a quadiamt,  accoi'ding  as  the 
fides  including  the  right  angle,  are  of  the  fame  or 
different  kinds;  that  is  to  fay,  according  as  thefe  fame 
fides  ai'c  either  both  acute,  or  botn  obtufe,  or  as  one  is 
acute  anil  the  other  (jbtufe.  And,  vice  verfii,  iff,  1 he 
fides  Including  the  right  angle,  are  ajways  of  the  fame 
kind  as  their  oppofite  angles;  2dly,  T.  he  fides  including 
the  right  angle  will  be  of  the  fame  01  diffeient  kinds, 
accorcilno’  ns  the  hypotenufe  is  lefs  or  more  than  90^ 
but  one  a"t  Icaff  of  them  will  be  of  90^  if  the  hypotenufe 

is  fo.’^ 

Of  the  Area  of  a Spherical  Triangle.  The  men- 
furatlon  of  Soherical  Triangles  and  polygons  was  firft 
found  out  by^Albert  Giravd,  about  the  year  ifco,  and 
is  iriven  at  large  In  h.is  Invention  Nouvdle  en  l fugeiar, 
pa:  so,  &c  ; 4to,  Avnll.  1629.  In  any  Spherical  Bn- 
anMe,  the  area,  or  fmface  mcloffd  by  its  tliree  fides 
upon  the  furface  of  the  globe,  will  be  found  by  this, 
proportion  : 

As  8 right  angles  or  720°, 

Is  to  the  whole  furface  of  the  fpheie  , 

Or,  as  2 righr  angles  or  180°, 

To  one  great  circle  of  the  fphere  ; 

So  is  the  excefsof  the  3 angles  above  2 right  angles, 
do  the  area  of  the  Spherical  Tnangdc. 

Hence,  if  a denote  -7854? 

d = diara.  of  the  globe,  and- 
j — fum  of  the  3 angles  of  the  triangle  ; 

theu 
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180 


area  of  the  Spherical  Tri- 


angle. 


Hence  alfo,  If  r denote  the  radius  of  the  fpliere, 
and  c its  circumference  ; 

then  tlie  area  of  the  triangle  will  thus  be  varioufly  ex- 
preiTed;  viz,  Area  = 


ad'^  X 


J-—  t8o 
180 


cd  X 


/ — 1 80 
720 


cr  X 


180 

360 


or  barely  rrr  r X o'-i8o°,  In  fquare  degrees, 
when  the  radius  r is  eilimated  in  degrees  ; for  then  the 
circumference  e is  ~ 300'^. 

Farther,  becaufe  the  radius  r,  of  any  circle,  when 

eftimatedin  degrees,  is, : — r ““  — S7*^9)7795» 

^ 3’i4t 59 

the  ka  rule  r X r — TSo,  for  expreffing  the  area  A 
of  the  Spherical  Triangle,  in  fquare  degrees,  will  be 
barely 

A = 57*2957795 

= 57i^V  “ 10313!  very  nearly. 

Hence  may  be  found  the  fums  of  the  thiee  angles 
tn  any  Spherical  Triangle,  having  its  area  A known  ; 
for  the  lad  equation  gives  the  fum 


A 


180 


-h  180 


“h  1 8o» 


57*29  &c.  * 

So  that,  for  a Triangle  on  the  furface  of  the  earth, 
vs^hofe  three  Tides  are  known  ; If  it  be  but  fraalt,  as  of 
a few-  miles  extent,  its  area  may  be  found  from  the 
knoivn  lengths  of  its  fides,  conlidering  it  as  a plane 
Tiiangle,  which  gives  the  value  of  the  quantity  A ; 
and  then  the  lad  rule  above  will  give  the  value  of  j, 
the  fum  of  the  three  angles  ; wdich  will  ferve  to  prove 
whether  thofc  angles  are  nearly  exadl,  that  have  been 
taken  wdth  a very  nice  indrument,  as  in  large  and 
extenfive  meafureraents  on  the  furface  of  the  eaith. 

CyT Spherical  Triangles.  See  Triangle, 
and  Trigonometry. 

Spherical  Polygon^  is  a figure  of  more  than  three 
fides,  formed  on  the  lurface  of  a globe  by  the  intei- 
fedfing  arcs  of  great  circles. 

The  area  of  any  Spherical  Polygon  will  be  found  oy 

the  followung  proportion  ; viz, 

As  8 right- angles  or  720°, 

To  the  whole  furface  of  the  fphere  5 
Or,  as  2 right  angles  or  180°, 

To  a great  circle  of  the  fphere  ; 

So  is  the  excefs  of  all  the  angles  above  the  product 
of  180  and  3 lefs  than  the  number  of  angles. 

To  the  area  of  the  fpherical  polygon. 

That  is,  putting  n — the  number  of  angles, 

.r  fum  of  all  the  angles, 
d ~ diam.  of  the  fphere, 
a ~ ‘78539  &c  , 

^ n — 2 ) 1 80 


Then  A = an^  X 
Spherical  Polygon* 


180 


the  area  of  the 


Hence  other  rules  might  be  found,  fiinilar  to  thofc 
for  the  area  of  the  Spherical  Triangle. 

Hence  alfo,  the  fum  s of  all  the  angles  of  any  Sphe- 
rical Polygon,  is  tdways  lefs  than  l8o?2,  but  gre-ater 
than  180  — 2),  that  Is  lefs  than  n times  2 right 

angles,  but  greater  than  n — 2 times  2 right  angles. 

Spherical  AJlronomy,  that  part  of  adronomy  which 
confiders  the  univerfe  fuch  as  it  appears  to  the-eyc.  Sec 
Astronomy. 

Under  Spherical  Adronomy,  then,  come  all  the 
phenomena  and  appearances  of  the  heavens  and  heaven- 
ly bodies,  iuch  as  we  perceive  them,  witliout  any  tn- 
qulry  into  the  reafon,  the  theory,  or  truth  of  them. 
By  which  if  Is  didingiuflied  from  theorical  adronomy, 
which  confiders  the  real  drndtiire  of  the  univerfe,  and 
the  caiifes  of  thofe  phenomena. 

In  the  Spherical  Adronomy,  the  world  is  conceived  to 
be  a concave  Spherical  furface,,  in  wdiofe  centre  is  the 
earth,  or  rather  the  eye,  about  wTIch  the  vifible  frarnc 
revolves,  with  dars  and  planets  fixed  in  the  circumfe- 
rence of  it.  And  on  this  fuppofition  all  the  other  phe- 
nomena are  determined.  , . . 

The  theorical  adronomy  teaches  us,  from  the  laws 
of  optics,  &c,  to  corredl  this  Scheme  and  reduce  the 
whole  t«  a juder  fydem. 

Spherical  Compajfes.  See  Compasses. 
Spherical  Geometry,  the  dodlrlne  cf  the  fphere; 
particularly  of  the  circles  deferibed  on  its  furface,  with 
the  method  of  projedling  the  fame  on  a plane  ; and 
meafurlng  their  arches  and  angles  when  projedled. 
Spherical  Numbers.  See  Circular  Numbers. 
Spherical  Trigonometry , See  Spherical  Irigono- 

METR  Y. 

SPHERICITY,  the  quality  of  a fphere;  or  that 
by  wEich  a thing  becomes  fpherical  or  round. 

SPHERICS,  the  Dodlrine  of  the  fphere,  particu- 
larly of  the  feveral  circles  defcrlbed  on  its  furface ; 
wuth  the  method  of  projecting  the  fame  on  a plane.  See 
Projection  of  the  Sphere. 

A circU  of  the  fphere  is  that  which  h made  by  a plane 
cutting  it.  If  the  plane  pafs  through  the  centre,  it  is 
a great  circle  : If  not,  it  is  a Utile  circle. 

The  pole  of  a circle,  is  a point  on  the  furface  of  the 
fphere  equididant  from  every  point  of  the  circumference 
of  the  circle.  Hence  every  circle  has  tw'o  poles,  wdilch 
are  diametrically  oppofite  to  each  other  ; and  all 
circles  that  are  parallel  to  each  other  have  the  fame 
poles. 

Properties  of  the  Circles  of  the  Sphere. 

1.  If  a fphere  be  cut  in  any  manner  by  a plane,  the 
feCtion  will  be  a circle.  And  a great  circle  when  the 
feftion  pades  through  the  centre,  otherwife  it  Is  a /i/Lr 
circle.  Hence,  all  great  circles  are  equal  to  each  other  ; 
and  the  line  of  fecftlon  of  two  great  circles  of  the  fphere, 
is  a diameter  of  the  fpbe're  : and  therclore  two  great 
circles  interiedl  eatdi  other  in  points  diametrically  op- 
pofite ; and  make  equal  angles  at  thofe  .points  ; ^ind 
divide  each  other  into  two  equal  parts;  alfo  any 
ureat  circle  divides  the  whole  fphere  into  tw’O  equal 
parts. 

2.  if  a great  circle  be  perpendicular  to  arfy  other 
circle,  it  pades  through  its  poles.  And  if  a great  circle 
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pafs  through  the  pole  of  any  other  circle,  it  cuts  It  at 
right  angles,  and  into  two  equal  parts. 

3.  The  dillance  between  the-poles  of  two  circles,  is 
equal  to  the  angle  of  their  inclination. 

4.  Two  great  circles  palling  through  the  poles  of 
another  great  circle,  cut  all  the  parallels  to  this  latter 
into  limilar  arcs.  Hence,  an  angle  made  by  two  gi  eat 
circles  of  the  fphere,  is  equal  to  the  angle  of  inclina- 
tion of  the  planes  of  thefe  great  circles.  And  hence 
alfo  the  lengths  of  thofe  parallels  are  to  one  another  as 
the  fines  of  their  dillances  from  their  common  pole,  or 
as  the  colincs  of  their  dillances  from  their  parallel 
crreat  circle,  Confequently,  as  radius  is  to  the  coline 
of  the  latitude  of  any  point  on  the  globe,  fo  is  the 
length  of  a degree  at  the  equator,  to  the  length  of  a 
degree  in  that  latitude. 

5.  If  a great  circle  pafs  through  the  poles  of  ano-^ 
ther ; this  latter  alfo  paffes  through  the  poles  of 
the  former  j and  the  two  cut  each  othei  peipendi* 

cularly.  . 

6.  If  two  or  more  great  circles  interfea  each 

other  in  the  poles  of  another  great  circle  j this 
latter  will  pafs  through  the  poles  of  all  the  former. 

7.  All  circles  of  the  fphere  that  are  equally  dif- 
tant  from  the  centre,  are  equal  ; and  the  farther  they 
are  dlllant  from  the  centre,  the  lefs  they  arc. 

8.  The  Oiorteft  dillance  on  the  furface  of  a fphere, 
between  any  two  points  on  that  furface,  is  the  aic  of  a 
great  circle  pafling  through  thofe  points.  And^  the 
fmaller  the  circle  is  that  paffes  through  the  fame  points, 
the  longer  is  the  arc  of  dillance  between  them.  Hence 
tlie  proper  meafure,  or  dillance,  of  two  places  on  the 
furface  of  the  globe,  is  an  arc  of  ^a  great  circle  inter- 
cepted between  the  fame.  See  Iheodolius  and  othci 
writers  on  Spherics. 

SPHEROID,  a folid  body  approaching  to  the 
figure  of  a fphere,  though  not  exadlly  round,  but 
having  one  of  its  diameters  longer  than  the  other. 

This  folid  is  ufually  confidered  as  generated  by  the 
rotation  of  an  oval  plane  figure  about  c^ne  of  its  axes. 
If  that  be  the  longer  or  tranfverfe  axis,  the  folid  fo 
generated  ’S  called  an  oblong  Spheroid,  and  fometimes 
frolatey  which  refembles  an  egg,  or  a lemcin  ; but  if 
the  oval  revolve  about  its  fiiorter  axis,  the  folid  will  be 
nn  ohlntt:  Spheroid,  which  refembles  an  orange,  and  in 
this  lhape  alfo  is  the  figure  of  the  eaith,  and  the 
other  planets. 


'The  axis  about  which  the  oval  revolves,  is  called 
the  fixed  axis,  as  AB  ; and  the  other  CD  is  the  rc- 
’volvitig  axis  I whichever  of  them  happens  to  be  the 
longer. 

When  the  revolving  oval  is  a perfed  ellipfe,  the  fo- 
VoL.  II. 


lid  generated  by  the  rc/olution  is  properly  called  a* 
ellipfoid,  as  diliinguilhed  from  the  Spheroid,  which  is 
generated  from  the  revolution  of  any  oval  whatever, 
whether  it  be  an  ellipfe  or  not.  But  generally  fpeak- 
ing,  in  common  acceptation,  the  term  Spheroid  is  ufed 
for  an  ellipfoid  ; and  therefore,  in  what  follows,  they 
are  confidered  as  one  and  the  fame  thing. 

Any  fedlion  of  a Spheroid,  by  a plane,  is  an  ellipfe 
(except  the  fcdlions  perpendicular  to  the  fixed  axe, 
which  are  circles)  ; and  all  parallel  fedlions  are  fimilar 
ellipfesjor  having  their  tranfverfe  and  conjugate  axes  in 
the  fame  conllant  ratio;  and  the  feCiions  parallel  to 
the  fixed  axe  are  fimilar  to  the  eliiple  from  which  the 
folid  was  generated.  See  my  Menfiiration  pa.  267  &c, 
2d  edit. 

For  the  Surface  of  a Spheroid^  whether  it  be  oblong 
or  oblate.  Let  f denote  the  fixed  axeT 
r the  revolving  axe. 
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then  will  the  furface  s be  expreffed  by  the  following 
feries,  iifing  the  upper  ligns  for  the  oblong  fpheroid,  and 
the  under  ligns  for  the  oblate  one  * 


viz. 
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See  ; 
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where  the  figns  of  the  terms,  after  the  firll,  arc 
all  negative  for  the  oblong  Spheroid,  but  alternately 
pofitive  and  negative  for  the  oblate  one. 

Hence,  becaufe  the  fador  4<z//  is  equal  to  4 times 
the  area  of  the  generating  ellipfe,  it  appears  that 
the  furface  of  the  oblong  Spheroid  is  lefs  than  4 
times  the  generating  ellipfe,  but  the  furface  of 
the  oblate  Spheroid  is  greater  than  4 times  the  fame: 
while  the  furface  of  the  fphere  falls  in  between 
the  two,  being  juft  equal  to  4 times  its  generating 
circle. 

Huygens,  in  his  Horolog.  Ofcillat.  prop.  9,  has  given 
two  elegant  conftruftions  for  deferibing  a circle  equal 
to  the  fuperficies  of  an  oblong  and  an  oblate  Spheroid, 
which  he  fays  he  found  out  towards  the  latter  end  ol  the 
year  1637.  As  he  gave  no  demonllrations  of  thefe, 
I have  demonftrated  them,  and  alio  rendered  them 
more  general,  by  extending  and  adapting  them  to  the 
furface  of  any  fegment  or  zone  of  the  Spheroid.  See 
my  Menfuration,  pa.  308  &c,  2d  ed.  where  alfo  are 
feveral  other  rules  and  conllruAions  for  the  furfaces 
of  Spheroids,  befides  thofe  of  their  fegments,  and 
fruftums. 

Of  the  Solidity  of  a Spheroid.  Every'  Spheroid,  wlie- 
ther  oblong  or  oblate,  is,  like  a fphere,  exadlly  equal 
to  two-thirds  of  its  circumferibing  cylinder.  So  that, 
if  / denote  the  fixed  axe,  r the  revolving  axe,  and 
^ _ -7834;  then  f q/H  denotes  the  folid  content  of 
either  Spheroid.  Or,  which  comes  to  the  fame  thing, 
if  / denote  the  tranfverfe,  and  r the  conjugate  axe  of  the 
generating  ellipfe  ; 

then  is  the  content  of  the  oblong  Spheroid,  ' 

and  is  the  content  of  the  oblate  Spheroid. 

Confequently,  the  proportion  of  the  former  folid  to 
the  latter,'  is  as  c to  /,  or  as  the  lefs  axis  to  the 
greater. 

Farther,  if  about  the  two  axes  of  an  ellipfe  be  ge- 
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jnerated  two  Spheres  and  two  fpherolds,  tlie  four  folids 
will  be  continued  proportionals,  and  the  common  ratio 
will  be  that  of  ihe  two  axes  of  the  elllpfe ; that  is,  as 
the  greater  fphere,  or  the  fohere  upon  the  greater  axe, 
is  to  the  oblate  Spheroid,  fo  is  the  oblate  Spheroid  to 
the  oblong  Spheroid,  and  fo  is  the  oblong  Spheroid  to 
tiie  lefs  fphere,  and  fo  is  the  tranfverfe  axis  to  the  con- 
jugate. See  my  Menfuration,  pa,  3 27  <Scc,  2d  ed.  where 
may  be  feen  many  other  rules  for  the  foiid  contents  of 
Spheroids,  and  their  various  parts.  See  alio  Archi- 
medes on  Splieroids  and  Conoids, 

Dr.  Halley  has  demonftrated,  that  in  a fphere,  Mer- 
cator’s nautical  meridian  line  is  a fcale  of  logarit.hmic 
tangents  of  the  half  complements  of  the  latitudes. 
But  as  it  has  been  found  that  the  fliape  of  the  earth  is 
fpheroidal,  this  figure  will  m.ake  fome  alteration  in  the 
numbers  refulting  from  Dr.  Halley’s  theorem.  Mac- 
laurin  has  therefore  given  a rule,  by  which  the  meri- 
dional parts  to  any  Spheroid  may  be  found  with  the 
fame  exadfnefs  as  in  a fphere.  There  is  alfo  an  inge- 
Tiious  traft  by  Mr.  Murdoch  on  the  fame  fiibjedt. 
See  Philof.  Tranf.  No.  219.  Mr.  Cotes  has  alfo  de- 
inonfirated  the  fame  propofition,  Harm.  Menf.  pa. 
^o,  21.  See  Meridional 

Unlverjal  Spheroid,  a name  given  to  the  foiid  ge- 
nerated by  the  rotation  of  an  ellipfe  about  fome  other 
diameter,  which  is  neither  the  tranfverfe  nor  conju- 
gate axis.  This  produces  a figure  refembling  a heart. 
See  my  Menfuration,  pa.  352,  2d  ed. 

SPINDLE,  in  Geometry,  a foiid  body  generated 
by  the  revolution  of  fome  curve  line  about  its  bafe  or 
double  ordinate  AB  ; in  op- 
pofition  to  a conoid,  which  is 
generated  by  the  rotation  of 
the  curve  about  its  axis  or  ab- 
fcifs,  perpendicular  to  its  or- 
dinate. 

' The  Spindle  is  denominated  circular,  elliptic,  hyper- 
bolic, or  parabolic,  &c,  according  to  the  figure 
of  its  generating  curve.  See  my  Menfur.  in  feveral 
places. 

Spindle,  in  Mechanics,  fometimes  denotes  the  axis 
of  a wheel,  or  roller,  &c  ; and  its  ends  are  the  pivots. 

See  alfo  Double  Cone. 

SPIRAL,  in  Geometry,  a curve  line  of  the  cir- 
cular kind,  which,  in  Its  progrefs,  recedes  always 
more  and  more  from  a point  within,  called  its  centre  ; 
as  in  winding  from  the  vertex  of  a cone  down  to  its 
bafe. 

The  firft  treatife  on  a Spiral  is  by  Archimedes, 
who  thus  defcribes  it ; Divide  the  circumference  of  a 
circle  App  &c  into  any  number  of  equal  parts,  by  a 
continual  bifeftion  at  the  points  pp  See.  Divide  alfo 
the  radius  AC  into  the  fame  number  of  equal  parts, 
and  make  C;’-v,  Cm,  Cm,  &c,  equal  to  i,  2,  3,  &c 
of  thefe  equal  parts  ; then  a line  drawn,  with  a Heady 
hand,  drawn  through  all  the  points  m,  m,  m,  See,  will 
trace  out  the  Spiral. 

This  is  more  particularly  called  the  Jirfl  Spiral,  when 
it  has  made  one  complete  revolution  to  the  point  A ; 
and  the  fpace  included  between  the  Spiral  and  the  ra- 
dius CA,  is  the  Spiral  fpace. 

The  firft  Spiral  may  be  continued  to  a fecond,  by  de- 
feribing  another  circle  with  double  the  radius  of  the 


firft  ; and  the  fecond  may  be  continued  to  a thirds  by  a 

third  circle  ; and  fo  on. 

* » 


P 


Hence  it  follows,  that  the  parts  of  the  circumference 
Ap  are  as  the  parts  of  the  radii  Cm  ; or  Ap  is  to  the 
whole  circumference,  as  Cm  is  to  the  whole  radius. 
Confequently,  if  c denote  the  circumference,  r the  ra- 
dius, A’  3=  Cm,  and  y ~ ds.p\  then  there  arlles  this 
proportion  r i c : x \ y,  which  gives  ry  ~ cx  for 
the  equation  of  this  Spiral ; and  which  theref(3re  It  has 
in  common  with  the  quadratrix  of  Dinoftrates,  and 
that  of  Tfchirnhaiifen  : , fo  that  = c^x'^  will 

ferve  for  infinite  Spirals  and  quadratrices.  See  Qua- 
dratrix. 

The  Spiral  may  alfo  be  conceived  to  be  thus  gene- 
rated, by  a continued  uniform  motion.  If  a right  line, 
as  AE  [la/l  fig.  above)  having  one  end  moveable  about  a 
fixed  point  at  B,  be  uniformly  turned  round,  fo  as  tie 
other  end  A may  deferibe  the  circumference  of  a 
circle ; and  at  the  fame  time  a point  be  conceived  to 
move  uniformly  forward  from  B towards  A,  in  the 
right  line  or  radius  AB,  fo  that  the  point  may  deferibe 
that  line,  while  the  line  generates  the  circle  ; then 
will  the  point,  with  its  two  motions,  deferibe  the 
curve  B,  J,  2,  3,  4,  5,  5:c,  of  the  fame  Spiral  as 
before. 

Again,  if  the  point  B be  conceived  to  move  twice 
as  fiowr  as  the  line  AB,  fo  that  it  fhall  get  but  half 
way  along  BA,  when  that  line  fiiall  have  formed  the 
circle  ; and  if  then  you  imagine  a new  revolution  to  be 
made  of  the  line  carrying  the  point,  fo  that  they  ftiall 
end  their  motion  at  laft  tog’ether,  there  will  be  formed 
a double  Spiral  line,  as  in  the  laft  figure.  From  the 
manner  of  this  defqriptlon  may  eafily  be  drawn  thefe 
corollaries  ; 

1.  That  the  lines  B12,  Bn,  Bio,  &c,  making 
equal  angles  with  the  firft  and  fecond  Spiral  (as 
alfo  Bi2,  Bio,  B8),  &c,  are  in  arithmetical  pro- 
grefiion. 

2.  The  lines  By,  Bio,  &c,  drawn  any  how  to  the 
firft  Spiral,  are  to  one  another  as  the  arcs  of  the  circle 
intercepted  between  BA  and  thofe  lines;  becaufe  what- 
ever parts  of  the  circumference  the  point  A defcribes, 
as  fuppofe  7,  the  point  B will  alfo  have  run  over  7 
parts  of  the  line  AB. 

3.  Any  lines  drawn  from  B to  the  fecond  Spiral,  as 
B18,  B22,  &c,  are  to  each  other  as  the  aforefald 
arcs,  together  with  the  whole  circumference  added  on 
both  fides  : for  at  the  fame  time  that  the  point  A runs 
over  1 2,  or  the  whole  circumference,  or  perhaps  7 parts 
more,  fhall  the  point  B have  run  over  12,  and  7 parts 
of  the  line  AB,  which  is  now  fuppofed  to  be  divided 
into  24  equal  parts. 

4.  The 
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■;  4,  The  firft  Spiral  line  is  equal  to  half  the  circum- 
ference of  the  firll  circle  ; for  the  radii  of  the  fedfors, 
and  confequently  of  the  arcs,  are  in  a fimple  arith- 
metic progrefTion,  while  the  circumference  of  tlie 
circle  contains  as  many  arcs  equal  to  the  greateft ; 
therefore  the  circumference  is  in  proportion  to  all  thofe 
Spiral  arcs,  as  2 to  i . 

5'.  The  firft  Spiral  fpace  is  equal  to  f of  the  firft  or 
■clrcumfcribing  circle.  That  is,  the  area  CABDE  of 
the  Spiral,  is  equal  to  | part  of  the  circle  deferibed 
with  the  radius  CE.  In  like  manner,  the  whole  Spi- 
ral area,  generated  by  the  ray  drawn  from  the  point 
C to  the  curve,  when  it  makes  two  revolutions,  is  I of 
the  circle  deferibed  with  the  radius  zCE. 


And,  generally,  the  whole  area  generated  by  the 
i*ay  from  the  beginning  of  the  motion,  till  after  any 
number  n of  revolutions,  is  equal  to  ^ of  the  circle 
whofe  radius  is  n X CE,  that  is  equal  to  the  3d  part 
of  the  fpace  which  is  the  fame  multiple  of  the  circle 
deferibed  with  the  greateft  ray,  as  the  number  of  revo- 
lutions is  of  unity. 

In  like  manner  alfo,  any  fedtor  or  portion  of  the  area 
of  the  Spiral,  terminated  by  the  curve  Cm  A and  the 
right  line  CA,  is  equal  to  \ of  the  circular  fedlor 
CAG  terminated  by  the  right  lines  CA  and  CG,  this 
latter  being  the  fituation  of  the  revolving  ray  when  the 
point  that  deferibes  the  curve  fets  out  from  C.  See 
Maclaurin’s  Flux.  Introd.  pa.  30,  31.  3e  alio  Qe-^" 
DRATURE  of  the  Spiral  of  Archimedes. 

Spiral,  LogjJlic^  or  Logarithmic,  See  Logistic 
and  Quadrature. 

Spiral  of  Pappus ^ a Spiral  formed  on  the  furface 
of  a fphere,  by  a motion  fimilar  to  that  by  which  the 
Spiral  of  Archimedes  is  deferibed  on  a plane.  This 
Spiral  Is  fo  called  from  its  inventor  Pappus.  Collcdl. 
!\Iathcm.  lib.  4 prop.  30.  Thus,  if  C be  the  centre 
of  the  fphere,  ARB  A a great  circle,  P Its  pole  ; and 
while  the  quadrant  PhIA  revolves  about  the  pole  P 
with  an  uniform  motion.  If  a point  proceeding  from 
P move  wTth  a given  velocity  along  the  quadrant,  it 
will  trace  upon  the  fpherical  furface  the  Spiral 
PZF^. 

Now  If  we  fuppofe  the  quadrant  PM  A to  make  a 
complete  revolution  In  the  fame  time  that  the  point, 
which  traces  the  Spiral  on  the  furface  of  the  fphere, 
deferibes  the  quadrant,  which  Is  the  cafe  confidered  by 
Pappus  ; then  the  portion  of  the  fpherical  furface  ter- 
minated by  the  whole  Spiral,  and  the  circle  ARB  A, 
and  the  quadrant  PMA/  will  be  equal  to  the  fqiiare 
of  the  diameter  AB.  In  any  other  cafe,  the  area 
PMAa  FZP  is  to  the  fquare  of  that  diameter  AB,  as 


the  arc  Aa  is  to  the  whole  circumference  AllBA* 
And  this  area  is  always  to  the  fpherical  triangle  PAa,  a* 
a fquare  is  to  its  clrcumfcribing  circle,  or  as  the  dia- 
meter of  a circle  is  to  half  its  circumference,  or  as 
2 is  to  3*14159  &c.  See  Maclauriii’s  Fluxions,  In- 
trod.  pa.  31 — 33. 

The  portion  of  the  fpherical  furface,  terminated 
by  the  quadrant  PMA,  with  the  arches  AR,  FR, 
and  the  fpiral  PZF,  admits  of  a perfeA  quadrature, 
when  the  ratio  of  the  arch  Aa  to  the  whole  cir- 
cumference can  be  affigned.  Sec  Maclaurin,  ibid, 
pa.  33* 

Parabolic  Spiral.  See  Helicoid. 

Proportional  IK is  generated  by  fuppofing  the 
radius  to  revolve  uniformly,  and  a point  from  the  cir- 
cumference to  move  towards  the  centre  wdth  a mo- 
tion decreafing  in  geometrical  progreftioii.  See  Lo- 
gistic. 

From  the  nature  of  a decreafing  geometrical  progref- 
fton,  it  is  eafy  to  conceive  that  the  radius  CA  may  be 
continually  divided;  and  although  each  fucceftive  divi- 
fion  becomes  Ihorter  than  the  next  preceding  one,  yet 
there  muft  be  an  infinite  number  of  divifions  or  terms 
before  the  laft  of  them  become  of  no  finite  mag- 
nitude. Whence  it  follows,  that  this  Spiral  winds  con- 
tinually round  the  centre,  without  ever  falling  into  it 
in  any  finite  number  of  revolutions. 


It  is  alfo  evident  that  any  Proportional  Spiral  cuts 
the  intercepted  radii  at  equal  angles  ; for  if  the  divi- 
fions AA  ^^5  cfy  fgy  of  the  circumference  be 

very  fmall,  the  fevcral  radii  will  be  lo  clofe  to 
one  another,  that  the  intercepted  parts  AD,  DE,'EF, 
FG,  &c,  of  the  Spiral  may  be  taken  as  right  lines  ; 
and  the  triangles  CAD,  CDE,  CEF,  &c,  will  be 
fimilar,  having  equal  angles  at  the  point  C,  and  the 
fides  about  thofe  angles  proportional ; therefore  the 
angles  at  A,  D,  E,  F,  &c,  are  equal,  that  is,  the  fpi- 
ral cuts  the  radii  at  equal  angles.  Robertfon’s  Elem. 
of  Navig.  book  2,  pa.  87. 

Proportional  Spirals  arc  fucb  Spiral  lines  as  the 
rhumb  lines  on  the  terraqueous  globe  ; which,  becaufe 
tliey  make  equal  angles  with  every  meridian,  muft  alfo 
make  equal  angles  with  the  meridians  in  the  ftereogra- 
phlc  projedtion  on  the  plane  of  the  equator,  and  there- 
fore will  be,  as  Dr.  Halley  obferves.  Proportional  Spi- 
rals about  tlie  polar  point.  From  whence  he  demon- 
ftrates,  that  the  meridian  line  is  a fcale  of  log.  tangents 
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©f  the  half  complements  of  the  ktitii(!cs.  See  Rhumb, 
IjOxodromy,  and  Meridional  Pdfis* 

S p IK  Ah  Piif?!p,  ^If'chiwedes's  ScREW. 

Spiral,  in  Architeftnre  and  Sculpture,  denotes  a 
curve  that  afeends,  winding  about  a cone,  or  fpire, 
fo  that  all  tlic  points  of  it  continually  approach  the 
axis. 

By  this  it  is  diftinguiflred  from  the  Helix,  which 
winds  in  the  fame  manner  about  a cylinder. 

SPORADES,  in  Agronomy,  a name  by  which 
the  ancients  diilingiiinied  fuch  liars  as  were  not  in- 
eluded  ill  any  conheliation.  "Hiefe  the  moderns  more 
tifually  call  inijvrmed^  or  extr ncorifiellary  liars. 

Many  of  the  Sporades  of  the  ancients  have  been 
fmee  formed  into  new  conftellaticns  ; thus,  of  thofe 
between  Urfa  Major  and  Leo,  Hevelius  has  formed 
a contlellation  named  Leo  Minor  ; and  of  thofe  be- 
tween Urfa  Minor  and  Auriga,  he  alfo  formed  the 
Lynx  ; and  of  thofe  under  the  tail  of  LAfa  Minor, 
another  called  Canis  Venaticiis  ; &c. 

SPOTS,  in  Allronomy,  are  dark  places  ohferved 
on  the  diflcs  or  faces  of  the  fun,  moon,  and  planets. 

The  Spots  on  the  fun  arefeldom  if  ever  vilible,  except 
through  a telefcope.  I have  indeed  met  with  perfons 
,whofc  eyes  were  fo  good  that  they  have  declared  they 
could  dillingiiifli  the  folar  Spots  ; and  it  is  mentioned, 
in  Jofephus  a Cofla*s  Natural  and  Moral  Hiltory  of 
the  Weft  Indies,  book  1,  ch.  2,  before  the  ufe  of  te- 
lefcopes,  that  in  Peru  there  are  Spots  to  be  ieen  in  the 
fun,  which  are  not  to  be  feen  in  Europe.  See  a me- 
moir by  Dr,  Zach,  in  the  Allronomical  Ephemerls  of 
the  .^cad.  of  Berlin  for  1788,  relating  to  the  difeo- 
veries  and  unpublifned  papers  of  Thomas  Elarriot  the 
celebrated  algebraift.  In  that  memoir  it  is  ftiewn,  for 
the  firft  time,  that  Harriot  was  alfo  an  excellent  aftro- 
nomer,  both  theoretical  and  pradlical  j that  he  made 
innumerable  obfervaiions  with  telefcopes  from  the  year 
3610,  and,  amongft  them,  199  obfervations  of  the  folar 
Spots,  with  their  drawings,  calculations,  and  the  de- 
terminations of  the  lun’s  revolution  round  his  axis. 
Thefe  Spots  were  alfo  difeovered  near  about  the  fame 
time  by  Galileo  and  Sclieiner.  See  Job.  Fabricius 
Phryfius  He  Maculis  in  Sole  obfervatis  & apparente 
corum  cum  foie  converfione  narratio,  1611  ; alfo  Gah- 
leok  Iftoria  e Demonftrazioni  intorue  alle  Machie  So- 
lare  e loro  accidenti,  1613. 

Some  diilinguiih  the  Spots  into  Maculas,  or  dark 
Spots  ; and  Ikculae,  or  bright  Spots  ; but  there  feems 
but  little  foundation  for  any  fuch  divifion.  They  are 
very  changeable  as  to  number,  form,  &c  ; and  are  fome- 
times  in  a multitude,  and  fometimes  none  at  all.  ^ Some 
imagine  they  may  become  fo  numerous,  as  to  hide  the 
whole  face  of  the  Sun,  or  at  leaft  the  greater  part  of 
it ; and  to  this  they  aferibe  what  Plutarch  mentions, 
viz,  that  in  the  firft  year  of  the  reign  of  Auguftus,_the 
fun’s  light  was  fo  faint  and  obfeure,  that  one  migdit 
look  fteadily  at  it  with  tlie  naked  eye.  To  which 
Kepler  adds,  that  in  1547,  the  Sun  appeared  reddifli, 
as  w'hen  viewed  through  a thick  mill;  and  hence  he 
conjeftures  that  the  Spots  in  the  fun  arc  a kind  of 
dark  fmoke,  or  clouds,  floating  on  his  furface. 

Some  again  will  have  them  liars,  or  planets,  palling 
over  the  body  of  the  fun  : but  others,  w'ith  more  pro- 
bability, think  they  are  opake  bodies,  in  manner 


of  -crufts,  formed  like  the  feums  on  the  furfucc  of 
liquors. 

Dr.  Derham,  from  a variety  of  particulars,  wliich 
he  has  recited,  concerning  the  folar  Spots,  and  their 
congruity  to  what  we  obferve  in  our  own  globe,  infers, 
that  they  are  caufed  by  the  eruption  of  fome  new  volca- 
no in  the  fun,  wEich  pouring  out  at  firft  a prodigious 
quantity  of  fmoke  and  other  opake  matter,  caiifeth  the 
Spots  : and  as  that  fuliginous  matter  decays  and  fpends 
itfelf,  and  the  volcano  at  lall  becomes  more  torrid  and 
flaming,  fo  the  Spots  decay  and  become  umbras,  and  at 
iait  faculas ; which  facuke  he  fuppofes  to  be  no  other 
than  more  flaming  lighter  parts  than  any  other  parts  of 
the  fun.  Philof.  Shanf.  vol.  23,  p.  1504,  or  Abr. 
\ol.  4,  p.  233. 

Dr.  Franklin  (in  his  Exper.  and  Obferv.  p.  266.) 
fuggefts  a conjecture,  that  the  pans  of  the  Sun’s  ful- 
phur  feparated  by  fire,  rife  into^^he  atmoiphere,  and 
there  being  freed  from  the  immediate  atlion  of  the  fire, 
they  colled:  into  cloudy  raafl’es,  and  gradually  becom- 
ing too  heavy  to  be  longer  liipported,  they  dclcend  to 
the  fun,  and  are  burnt  over  again.  Hence,  he  lays, 
the  Spotsappearing  on  his  face,  which  are  oblerved  fo 
diminifn  daily  in  fize,  their  confuming  edges  being  of 
particular  brightnefs. 

f or  another  lolution  of  thefe  phenomena,  fee  Ma- 
culae. Various  otbiLr  accounts  and-  hypotheles  of 
thele  Spots  may  be  ieen  in  many  of  the  other  volumes 
of  the  Philof.  Tranf.  In  one  of  thefe,  viz,  vol.  37, 
pa.  398,  Dr.  Horlley  attempts  to  determine  the  height 
of  the  fun’s  atmofphere  from  the  height  of  the  folar 
Spots  above  his  lurface. 

By  means  of  the  obfervations  of  thefe  Spots,  has 
been  determined  the  period  of  the  Ion’s  rotation 
about  his  axis,  viz,  by  obferving  their  periodical  re- 
turn. 

The  lunar  Spots  are  fixed  ; and  aftronomers  reckon 
about  48  of  them  on  the  inoon’s  face  ; to  each  of 
which  they  have  given  names.  The  21  ft,  called  Tychs, 
is  one  of  the  molt  conliderable. 

' Circular  Spots,  in  Electricity.  See  Circular 
Spots  and  Colours. 

Lucid  Spots,  rn  the  heavens,  are  feveral  little  whitifli 
Spots,  that  appear  magnified,  and  more  luminous 
when  feen  through  telelcopes  ; and  yet  without  any 
liars  in  them.  One  of  thefe  is  in  Andromeda’s  girdle, 
and  w^as  firft  obferved  in  1612,  by  Simon  Marius:  it 
has  fome  whitifli  rays  near  its  middle,  is  liable  to  leve- 
ral  changes,  and  is  lometimes  invilible.  Another  is 
near  the  ecliptic,  between  the  head  and  bow  of  Sagit- 
tarius ; it  is  fmall,  but  very  luminous.  A third  is  in 
the  back  of  the  Centaur,  which  is  too  far  fouth  to  be 
feen  in  Britain.  A fourth,  of  a fmaller  fize,  Is  before 
Antinous’s  right  foot,  having  a liar  in  itj  which  makes 
It  appear  more  bright.  A fifth  is  in  the  contlellation 
Hercules,  between  the  liars  € and  which  is  viiible 
to  the  naked  eye,  though  it  is  but  fmall,  wdien  thefl^y 
is  clear  and  the  moon  ablent.  It  is  probable  that  ivith 
more  pow'^erful  telefcopes  thefe  lucid  Spots  will  be 
found  to  be  congeries  of  very  minute  fixed  ftars. 

Planetary  Spots,  are  thofe  of  the  planets.  Aftro- 
nomers find  that  the  planets,  are  not  wdthout  their  fpots.  ^ 
Jupiter,  Mars,  and  Venus,  when  viewed  through  a te- 
kicope,  Ihew  feveral  very  remarkable  ones ; and  it  is 
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l?y  the  motion  of  thefe  Spots,  tliat  the  rotation  of  the 
planets  about  their  axes  is  concluded,  in  the  fame 
manner  as  that  of  the  fun  is  deduced  from  the  apparent 
molton  of  his  macula;. 

SPOUT,  or  JVaier  Spout,  an  extraordinary  me- 
teor, or  appearance,  confining  of  a moving- column  or 
pillar  of  water ; called  bv  the  Latins  typbo^  and 
Jjpho  ; and  by  the  French  trovipc^  fiom  its  fbape, 
which  itiernbles  a fpeaking  trumpet,  the  widefl  end 
uppermolh 

its  frit  appearance  is  in  form  of  a deep  cloud, 
the  upper  part  of  which  is  white,  and  the  lower  black. 
From  the  lower  oart  of  this  cloud  there  hang-s, 
or  rather  falls  douii,  what  is  properly  called  tlie 
Spout,  in  n.anncr  of  a conical  tube,  largcfl;  at  top. 
Under  iliis  tube  is  always  a great  boiling  and  flying  up 
of  the  water  of  the  lea,  as  in  a jet  d’f.  an.  For  feme 
yards  above  the  funace  of  the  ka,  the  water  llan  ls 
as  a column,  or  pillar-;  from  the  extremity  of  which 
it  Ipreads,  and  goes  off,  as  in  a kind  of  imoke.  Fre- 
qiientlv  the  cone  deicends  io  low  as  to  the  middle  of 
this  column,  and  continues  for  fome  time  contiguous 
to  it ; though  fometimes  it  only  points  to  it  at  lomc 
dihance,  either  in  a perpendicular,  or  in  an  oblique 
line. 

Frequently  it  can  fcarce  be  diftingulfhed,  whether 
the  cone  or  the  column  appear  the  hrlt,  both  appearing 
all  of  a iudden  againfl  each  other.  But  fometimes  chc 
water  boils  up  from  the  fea  to  a great  height,  without 
any  appearance  of  a Spout  pointing  to  it,  either  per- 
pendicularly or  obliquely.  Indeed,  generally,  the  boil- 
ing or  flying  up  of  tlie  water  has  the  priority,  this 
alvrays  preceding  its  being  formed  into  a column.  For 
the  moll  part  the  cone  does  not  appear  hollow  till  to- 
wards the  end,  wlun  the  lea  water  is  violently  tin  own 
■up  along  its  middle,  as  fmoke  up  a chimney  ; foon  af- 
ter this,  the  Spout  or  canal  breaks  and  difappears  ; the 
boiling  up  of  the  water,  and'even  the  pillar,  continuing 
to  tlic  lafl,  and  for  fome  time  afterwards  ; lomctiuics  till 
the  Spout  form  Itfelf  again,  and  appear  anew,  which 
it  wall  do  feveral  times  in  a quarter  of  an  hour.  See  a 
defeription  of  feveral  Water-Spouts  by  Mr.  Gordon,  and 
by  Dr.  Stuart,  in  Phil.  Tranl.  Abr.  vol,  iv,  pa.  103 
^c. 

M.  de  la  Pryme,  from  a near  obfervation  of  two  or 
three  Spouts  in  Yorkfhire,  deferibed  in  the  Fhilofophi- 
cal  Tranfadtions,  nnra.  28  [,  or  Abr.  vol.  iv,  pa.  106, 
■concludeL',  that  the  Water  Spout  is  nothing  but  a gyi*a- 
tion  of  clouds  by  contrary  winds  meeting  in  a point,  or 
centre  ; and  t litre,  where  the  greateil  condeniation  and 
gravitation  is,  falling  down  into  a pipe,  or  g reat  tube, 
fomewl  at  like  Archimedes’s  fpiral  Icrew  ; and,  in  its 
w'orkiiig  and  whirling  motion,  abforbing  and  raifing 
tlie  water,  in  the  fame  manner  as  the  fpiral  ferewdoes; 
and  tniis  dcO  loying  ihijis  &c. 

Thus,  June  the  2 ill,  he  obferved  the  clouds  mighti- 
ly agicated  above,  and  driven  together;  upon  which 
they  became  very  black,  and  were  hurried  round ; 
wlience  proceeded  a moft  audible  wh.irliiig  noife  like 
that  ufuaiiv  heard  In  a mill.  Soon  after  tiiere  iffued 
a long  tube,  or  Spout,  from  the  centre  of  the  congre- 
gated clouds,  in  which  he  obferved  a fpiral  motion,  like 
that  of  a ferew,  by  which  the  water  was  raifed  up. 
Again,  Augufl  15,  1687,  the  wind  blowing  at  the 


fame  time  out  of  the  feveral  quarters,  created  a grea*' 
vortex  and  whirling  among  the  clouds,  the  centre  of 
which  every  now  and  then  dropt  down,  in  ^hape  of  a 
long  thin  black  pipe,  in  which  he  could  ciidintlly 
behold  a motion  like  that  of  a ferew,  continiialiy  draw- 
ing upwards,  and  Icrewing  up,  as  it  were,  wherever  it 
touched. 

In  Its  progrefs  It  moved  flowly  over  a grove  of  trees, 
which  bent  under  it  like  wands,  in  a circular  motion. 
Proceeding,  it  tore  off  the  thatch  from  a barn,  bent  a 
huge  oak  tree,  broke  one  ot  its  greati^ll  limbs,  and  threw 
it  to  a great  diftancc.  Fie  adds,  that  wnereas  it  is 
commonly  faid,  the  water  works  and  nies  In  a column, 
before  the  tube  comeb  to  touch  it,  this  is  doubtlcis  a 
niillake,  owing  to  tlie  hnenefs  and  tranfparcncy  of  the 
tubes,  wdiich  do  moft  certainly  touch  the  furfare  of 
the  fea,  before  any  confiderabie  motion  can  be  raifed  in 
it  ; but  which  do  not  become  opake  and  vifible,  till 
after  they  have  imbibed  a confiderabie  quantity  of  wa- 
ter. 

The -dinbliitlon  of  WTter-Spouts  he  aferibes  to  the 
great  quaiuity  of  water  they  have  glutted  ; vhich,  by., 
its  weight,  impeding  their  motion,  upon  which  their, 
force,  and  even  exlilence  depends,  tney  break,  and  let  ' 
go  their  contents  ; which  ule  to  pi  eve  fatal  to  what- 
ever is  found  underneath. 

A notable  inftance  of  this  mav  be  feen  In  the  Philo-  - 
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fophical  Tranfactions  (num.  363,  or  Abr.  vol.  iv.  pa 
108;  related  by  Dr.  Richardlon.  A Spout,  in  1718, 
breaking  on  Emmotmoor,  nigh  Coin,  in  Lancaftilre, 
the  country  was  immediately  ovei  flowed  ; a bro(<k,  in  a 
few  minutes,  rofe  lix  feet  perpendicularly  fiigh  ; and  the 
ground  upon  which  the  Spout  fell,  which  was  66  feet 
over,  was  torn  up  to  the  very  rock,  udilch  was  no 
lefs  than  7 feet  deep  ; and  a deep  gulf  was  made  for 
above  half  a mile,  the  earth  being  raifed  in  vail  heaps  ■ 
on  each  fide.  See  a defeription  and  figure  of  a VVater- 
Spoiit,  with  an  attempt  to^ccount  for  it  in  Franklin’s 
Lxp.  andObf.  pa.  226,  6cc. 

Signor  Beccarla  has  taken  pains  to  fhovv  that  Wa- 
ter-Spouts have  an  eledlrical  origin.  To  make  this 
more  evident,  he  firft  deferibes  the  cirenrn fiances  at- 
tending their  appearance,  which  are  the  following. 

They  generally  appear  in  calm  weather.  The  fta 
feems  to  boil,  and  to  lend  up  a Imokc  under  them, 
riling  In  a lull  towards  the  opout.  .,  -.1  the  fame  time, 
perfons  who  have  been  near  then'  iiave  heard  a rumbling 
noife.  The  form  of  a Water-Spout  is  that  of  a fpeak- 
ing trumpet,  the  wider  end  being  in  the  clouds,  and 
the- narrow'er  end  towards  the  fea. 

I'lie  li'ze  is  various,  even  in  the  fame  Spout.  7’he 
colour  is  loinctlmes  inclining  to  white,  and  fometimes 
to  black.  I'heir  pofuion  is  lometlmcs  perpecdicnlar  to 
the  fea,  fometimes  oblique  ; and  fometimes  the  Spout 
itfelf  is  In  the  form  ol  a curve.  Their  continuance  is 
very  various,  fome  dilappearing  as  loon  as  formed,  and 
fome  continuing  a confiderabie  time.  One  that  he  had 
heard  of  continued  a whole  hour.  But  they  often  vanifli, 
and  prcfcntly  appear  again  in  the  fame  place.  '[  he 
very  lame  things  tftai  Water  Spouts  are  at  fea,  are  fome 
kinds  of  wfiirlvviilds  and  huiricanes  by  land.  'Fhey 
have  been  known  to  tear  up  trees,  to  throw  down 
buildings,  and  make  caverns  in  the  earth ; and  in  edi 
thefe  cafes,  tofeatter  earth,  bricks,  Itones^  timber, 
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to  a great  diilance  in  every  dire6lion.  Great  quantities 
of  water  have  been  left,  or  railed  by  them,  fo  as  to 
make  a kind  of  deluge;  and  they  have  always  been  at- 
tended by  a prodigious  rumbling  noile. 

That  thefe  phenomena  depend  upon  eledlricity  can- 
not but  appear  very  probable  from  the  nature  of 
feveral  of  them  ; but  the  conjecture  is  made  more  pro- 
bable from  the  following  additional  circumifances.  They 
generally  appear  in  montlis  peculiarly  fubjeCl  to  thun- 
der-Ilorms,  and  are  commonly  preceded,  accompanied, 
or  followed  by  lightning,  rain,  or  hail,  the  previous 
ftate  of  the  air  being  fimilar.  Whitidi  or  yellowifh 
ilalhes  of  light  have  fometimes  been  feen  moving  with 
prodigious  fwiftneis  about  them.  And  lalUy,  the  man- 
ner ill  which  they  terminate  exaClly  refembles  what 
might  be  expefled  from  the  prolongation  of  one  of  the 
uniform  protuberances  of  eleClrified  clouds,  mentioned 
before,  towards  the  fea  ; the  water  and  the  cloud  mu- 
tually attracting  one  another  : for  they  fuddenly  con- 
tract themfelves,  and  difperfe  aimoft  at  once  ; the  cloud 
rifing,  and  the  water  of  the  fea  under  it  falling  to  its 
level.  But  the  moil  remarkable  circumllance,  and  the 
moil  favourable  to  the  fuppofition  of  their  depending 
on  eleCtricity,  is,  that  they  have  been  difperfed  by  pre- 
fenting  to  them  fnarp  pointed  knives  or  fwords.  This, 
at  leak,  is  the  conkant  praClice  of  mariners,  in  many 
parts  of  the  world,  where  thefe  Water-Spouts  abound, 
and  he  was  akui-ed  by  feveral  of  them,  that  the  method 
has  often  been  undoubtedly  effectual. 

k he  analogy  between  the  phenomena  of  Water 
Spouts  and  elerkricity,  he  fays,  may  be  made  vifible,  by 
hanging  a drop  of  water  to  a wire  communicating 
with  the  priiTie  conduClor,  and  placing  a veffel  of  water 
under  it.  In  thefe  circdmkances,  the  drop  affumes  all 
the  various  appearances  of  a Water  Spout,  both  in  its 
rife,  form,  and  manner  of  difappearing.  Nothing  is 
wanting  but  the  fmoke,  which  may  require  a great 
force  of  eledlricity  to  become  vilible. 

Mr.  Wilcke  alfo  conkders  the  Water- Spout  as  a 
kind  of  great  eleCliical  cone,  raifed  betw^een  the  cloud 
krongly  eleclnfied,  and  the  fea  or  tlie  earth,  and  he 
relates  a very  remarkable  appearance  w'^hicli  occurred  to 
himfelf,  and  which  krongly  confirms  his  fuppofition. 
On  the  2Cth  of  July  1758,  at  three  o’clock  in  the  ai- 
-ternoon,  he  oblerved  a great  quantity  of  dull  rifing 
from  the  ground,  and  covering  a field,  and  part  of  the 
town  in  which  he  then  was.  There  was  no  wind,  and 
the  dll  ft  moved  gently  towards  the  eak,  where  appeared 
a tfreat  black  cloud,  which, ’when  it  ivas  near  its  ze- 
nith,  eieClrified  his  apparatus  pofitively,  and  to  as  great 
a degree  as  ever  he  had  obferved  it  to  be  done  by  natural 
eleCtricity.  This  cloud  palfed  his  zenith,  and  went 
gradually  towards  the  wek,  the  dull  then  following  it, 
and  continuing  to  rife  higher  and  higher  till  it  compoled 
. a thick  pillar,  in  the  form  of  a fugar-loaf,  and  at  length 
ieemed  to  be  in  contaCl  with  the  cloud.  At  fomc  dif- 
tance  fi'om  this,  there  came,  in  the  fame  path,  another 
great  cloud,  together  with  a long  llream  of  fmaller 
-clouds,  moving  faker  than  the  preceding.  Thefej  clouds 
jeleCtrified  his  apparatus  negatively,  and  when  they  came 
near  the  poktive  cloud,  a flaki  of  lightning  was  fteii 
to  dart  through  the  cloud  of  duk,  the  poktive  cloud, 
the  large  negative  cloud,  and,  as  far  as  the  eye  could 
dikinguifh,  the  whole  train  of  fmaller  negative  clouds 
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wTich  followed  it»  Upon  this,  the  negative  clouds 
fpread  very  much,  and  difiblved  in  rain,  and  the  air 
was  prefently  clear  of  all  the  duk.  The  whole  appear- 
ance laked  not  above  half  an  hour.  See  Priekley’s 
EleClr.  vol.  I,  pa.  438,  See, 

This  theory  of  Water-Spouts  has  been  farther  con- 
firmed by  the  account  which  Mr.  Forker  gives  of  one 
of  them,  in  his  Voyage  Round  the  World,  vol.  i, 
pa.  igi,  &c.  On  the  coak  of  New  Zealand  he  had 
an  opportunity  of  feeing  feveral,  one  of  which  he  has 
particulaidy  deferibed.  The  water,  he  fays,  in  a fpace 
of  fifty  or  fixty  fathoms,  moved  towards  the  centre, 
and  there  rifing  into  vapour,  by  the  force  of  the  whirl- 
ing motion,  afeended  in  a fpiral  form  towards  the 
clouds.  Direftly  over  the  whirlpool,  or  agitated  fpot 
in  the  fea,  a cloud  gradually  tapered  into  a long  flen- 
der  tube,  which  feemed  to  defeend  to  meet  the  rifing 
fpiral,  and  foon  united  with  it  into  a ftraight  column  of 
a cylindrical  form.  The  water  was  whirled  upwards 
with  the  greatek  violence  in  a fpiral,  and  appeared  to 
leave  a hollow  ipace  in  the  centre  ; fo  that  the  water 
feemed  to  form  a hollow  tube,  inilead  of  a folid  column  ; 
and  that  this  was  the  cafe,  was  rendered  kill  more  pro- 
bable by  the  colour,  which  was  exatlly  like  that  of  ti 
hollow  giafs  tube.  After  fome  time,  this  lak  column 
was  incurvated,  and  broke  like  the  others ; and  the 
appearance  of  a fiafh  of  lightning  which  attended 
its  disjunction,  as  w^eil  as  the  hail  Hones  which  fell  at 
the  time,  feemed  plainly  to  indicate,  that  Water- 
Spouts  either  ow^e  their  formation  to  the  eledtric  matter, 
or,  at  leak,  that  they  have  fome  connedtion  wkth  it. 

In  Pliny’s  time,  the  feamen  ufed  to  pour  vinegar  in- 
to the  fea,  to  affuage  and  lay  the  Spout  when  it  ap- 
proached them  : our  modern  feamen  think  to  keep  it 
off,  by  making  a noife  with  filing  and  ici*atching  vio- 
lently on  the  deck  ; or  by  difeharging  great  guns  to  dif- 
perfe  it. 

See  the  figure  of  a Water-Spout,  fig.  i,  plate  27. 

SPRING,  in  Natural  Hikory,  a fountain  or  fource 
of  water,  rifing  out  of  the  ground. 

The  mok  general  and  probable  opinion  among  phi- 
lofophers,  on  the  formation  of  Spi-ings,  is,  that  they 
are  owing  to  rain.  The  rain-water  penetrates  the  earth 
till  fuch  time  as  it  meets  a clayey  (oil,  or  kratum  ; 
which  proving  a bottom  fufficiently  folid  to  fukain  and 
kop  its  defeent,  it  glides  along  it  that  way  to  which 
the  earth  declines,  till,  meeting  wdth  a place  or  aperture 
on  the  furface,  through  which  it  may  efcape,  it  forms 
a Spring,  and  perhaps  the  head  of  a kream  or  brook. 

Now,  that  the  rain  is  fufficienc  for  this  effedl,  ap- 
pears from  hence,  that  upon  calculating  the  quantity  of 
rain  and  fnow  wkiich  falls  yearly  on  the  tradl  ol  ground 
that  is  to  furnilh,  for  inllance,  the  w^ater  of  the  Seine, 
it  is  found  that  tins  river  does  not  take  up  above  one- 
fixth  part  of  it. 

Springs  commonly  rife  at  the  bottom  of  mountains  ; 
the  realon  is,  that  mountains  coiiedl  the  mok  water's, 
and  give  them  the  greatek  defeent  the  lame  way.  And 
if  we  fometimes  fee  Springs  on  high  grounds,  and  even 
on  the  tops  of  mountains,  they  mult  come  from  other 
remoter  places,  confiderably  higher,  along  bids  of  clay, 
or  clayey  ground,  as  in  their  natui'al  channels.  So  that 
if  there  happen  to  be  a valley  between  a mountain  on 
whofe  top  is  a Spring,  and  the  mountain  which  is  to 
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furnifH  it  with  water,  the  Spring*  miifl  be  confidered  as 
water  conduced  from  a refervoir  of  a certain  height, 
through  a fiibterraneous  channel,  to  make  a jet  of  an 
almoh  equal  height. 

As  to  the  manner  in  which  this  water  iscollefted,  fo 
pto  form  refervoirs  for  the  different  kinds  of  Springs, 
it  leems  to  be  tliis  ; th.e  tops  of  mountains  nfually 
abound  with  cavities  and  fublerraneous  caverns,  formed 
by  natuie  to  ferve  as  refervoirs;  and  their  pointed 
fummits,  which  feem  to  pierce  the  clouds,  ftop  thofe 
vapours  which  float  in  the  atmofphere  ; which  being 
thus  condenfed,  they  precipitate  in  water,  and  by 
their  gravity  and  fluidity  ealily  penetrate  through  beds 
offand  and  the  lighter  earth,  till  they  become  ilopped  in 
their  defcent  by  the  denfei  ftrata,  fuch  as  beds  of  clay, 
{lone,  ScCf  wiiere  they  form  a bafon  or  cavern,  and 
working  a paffage  horizontally,  or  a little  declining, 
they  ilTue  out  at  the  Tides  of  the  mountains.  Many  of 
thele  Springs  difcharge  water,  which  running  down  be- 
tvveeu  tlie  ndges  ot  hills,  unite  their  flieams,  and  form 
rivulets  or  brooks,  and  many  of  thcfe  uniting  again  oil 
the  plain,  become  a river. 

Ihie  perpetuity  of  divers  Springs,  ahvays  yielding 
the  lame  quantity  of  water,  equally  wdien  the  lead  rain 
or  vapour  is  afforded  as  when  they  are  the  greatefl,  fur- 
nifli,  in  the  opinion  of  fome,  confiderable  objections  to 
the  univerfality  or  fufflcieiicy  of  the  theory  above.  Dr. 
Derham  mentions  a Spring  in  his  own  parIQi  of  Upmin- 
ffer,  which  he  could  never  perceive  by  his  eye  was  di- 
miniflied  in  the  greatefl  droughts,  even  wlien  all  the 
ponds  in  the  country,  as  well  as  an  adjoining  brook, 
had  been  dry  for  feveral  months  together  ; nor  ever  to 
be  increafed  in  the  moft  rainy  feafons,  excepting  perhaps 
for  a few  hours,  or  at  mofl  for  a day,  from  fudden  and 
violent  rains.  Had  this  Spring,  he  thought,  derived  its 
origin  from  rain  or  vapours,  there  would  be  found  an  in* 
creafe  anddecreafe  of  its  water  correfponding  to  thofe  of 
its  caufcs;  as  w^e  aClually  find  in  fuchtemporary  Springs, 
as  have  undoubtedly  their  rile  trom  ram  and  vapour. 

Some  natural!  fls  therefore  have  recourfeto  the  fea,  and 
derive  the  origin  of  Springs  immediately  from  thence. 
But  how  the  fea- water  fliould  be  raifed  up  to  the  fur- 
face  of  the  earth,  and  even  to  the  tops  ofthe  mountains, 
is  a difficulty,  in  the  folution  of  wdiich  they  cannot 
agree.  Some  fancy  a kind  of  hollow  fubterranean 
rocks  to  receive  the  w’-atery  vapours  raifed  from  chan- 
nels communicating  with  the  fea,  by  means  of  an 
internal  fire,  and  to  add  the  part  of  alembics,  in  freeing 
them  from  their  faline  particles,  as  well  as  condenfing 
and  converting  them  into  water.  This  kind  of  fubter- 
ranean laboratory,  ferving  for  the  diflillation  of  fea- 
water,  w’as  the  invention  of  Des  Cartes  ; fee  his  Prin- 
clp.  part  4,  § 64.  Others,  as  De  la  Hire  &c  (Mem.  de 
rAcad.  1703)  fet  afide  the  alembics,  and  think  it 
enough  that  there  be  large  fubterranean  refervoirs  of 
water  at  the  height  of  the  fea,  from  whence  the 
warmth  of  the  bottom  of  the  earth,  ^cc,  may  ralfe  va- 
pours ; wffiich  pervade  not  only  the  intervals  and  fiffures 
of  the  flrata,  but  the  bodies  of  the  flrata  thcmfelves, 
and  at  length  arrive  near  the  furface  ; wffiere,  bein<r 
condenfed  by  the  cold,  they  glide  along  on  the  firfl 
bed  of  clay  they  meet  with,  till  they  iffue  forth  by  fome 
aperture  in  the  ground.  De  la  Hire  adds,  that  the 
falls  of  ftones  and  minerals  may  contribute  to  the  de- 


tainingand  fixing  the  vapours,  and  converting  them  into 
w^ater.  Farther,  it  is  urged  by  fome,  that  there  is  a 
ftlll  more  natural  and  eafy  way  of  exhibiting  the  rife  of 
the  fea-water  up  into  mountains  &c,  viz,  by  putting  a 
little  heap  of  fand,  or  allies,  or  the  like,  into  a bafon 
of  water;  in  wffiich  cafe  the  fand  Stc  will  reprefcnt  the 
dry  land,  or  an  ifland  ; and  the  bafon  of  water,  the 
lea  about  it.  Here,  fay  they,  the  water  in  the  bafon 
will  rife  to  the  top  of  the  heap,  or  nearly  fo,  in  the 
fame  manner,  and  from  the  fame  principle,  as  the  wa- 
ters of  the  fea,  lakes,  &c,  rife  in  the  hills.  The  prin- 
ciple of  afcent  in  both  is  accordingly  fuppofed  to  he  the 
fame  with  that  of  the  afcent  of  liquids  in  capillary 
tubes,  or  between  contiguous  planes,  or  in  a tube 
filled  with  allies  ; all  which  are  new  generally  accounted 
for  by  the;  doeffrine  of  attradfion. 

Againfl  this  laft  theory,  Perrault  and  others  have 
urged  feveral  unanfwerable  objedlions.  It  fuppofes  a 
variety  of  fubterranean  paffages  and  caverns,  commu- 
nicating with  the  fea,  and  a complicated  apparatus  of 
alembics,  with  heat  and  cold,  Sec,  of  the  exiflence  of 
all  which  we  have  no  fort  of  proof.  Befides,  the  wa- 
ter that  is  fuppofed  to  afeend  from  the  depths  of  the 
fea,  or  from  fubterranean  canals  proceeding  from  it, 
through  the  porous  parts  of  the  earth,  as  it  rifes  in  ca- 
pillary tubes,  afceiids  to  no  great  height,  and  in  much 
too  fmall  a quantity  to  furnifh  fprings  with  water,  as 
Perrault  has  fufficlcntly  fliewn.  And  though  the  fand 
and  earth  through  which  the  water  afeends  may  acquire 
fome  faline  particles  from  it,  they  are  iieverthelel’s  inca- 
pable of  rendering  it  fo  frelh  as  the  water  of  our  foun- 
tains is  generally  found  to  be.  Not  to  add,  that  in 
procefs  of  time  the  faline  particles  of  which  the  water  is 
deprived,  either  by  fubterranean  diflillation  or  filtration, 
miifl  clog  and  obflru6f  thofe  canals  and  alembics,  by 
which  It  is  fuppofed  to  be  corveyed  to  our  Springs, 
and  the  fea  mull  likevvife  gradually  lofe  a confiderable 
quantity  of  Its  fait. 

Different  forts  of  Springs.  Springs  are  either  fuch 
as  run  continually,  called  perennial ; or  fuch  as  run 
only  for  a time,  and  at  certain  feafons  of  the  year,  and 
therefore  called  temporary  Springs.  Others  again  are 
csAXiidi'intermittittg  Springs,  becaufe  they  flow  and  then 
flop,  and  flow  and  flop  again  ; and  reciprocating  Springs, 
whofe  waters  rife  and  fall,  or  flow  and  ebb,  by  regular 
inteivals. 

In  order  to  account  for  thefe  differences  in  Springs, 
let  ABODE  (fig.  2,  pi,  27)  reprefcnt  the  declivity  of 
a hill,  along  which  the  rain  defeends  ; paffing  through 
the  fiffures  or  channels  BF,  CG,  DH,  and  LK,  into 
the  cavity  or  refervoir  FGPIKiMl  ; from  this  cavity 
let  there  he  a narrow  drain  or  du6l  Kfh  which  dif- 
charges  the  water  at  E.  As  the  capaciiy  of  the  re- 
fervoir  is  fuppofed  to  be  large  in  propoitiow  to  that  of 
the  drain,  it  vfill  futnifh  a conflant  iupply  fif  water  to 
the  fpring  at  E.  But  if  the  refervoir  FGHKMI  be 
fmall,  and  the  drain  large,  the  water  contained  in  the 
fo  rmer,  iinlefs  it  is  fupplled  by  rain,  will  be  wholly' 
difeharged  by  the  latter,  and  the  Spring  will  become 
dry  : and  fo  it  will  continue,  even  though  It  rains,  till 
the  water  has  had  time  to  penetrate  through  the  earth, 
or  to  pafs  thiough  the  channels  into  the  relei  voir  ; and 
the  time  neceffary  for  furnilhing  a new  fupply  to  the 
drain  KE  will  depend  on  the  fize  of  the  fiffures,  the  na- 
ture 
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rure  of  the  foil,  and  the  depth  of  the  cavity  with  wluch  It 
communicates.  Hence  it  may  happen,  that  the  Spi  ing  at 
■Kmav  remain  dry  for  a coniiderable  time,  and  even  w u e 
it  rains  ; but  when  the  water  has  found  its  way  mto  the 
cavitv  of  the  hill,  the  Spring  wiU'begin  to  run.  Springs 
of  this  kind,  it  is  evident,  may  be  dry  in  wet  weather, 
efpecially  if  the  du6l  KE  be  not  exadly  level  with  the 
bottom  of  the  cavity  in  the  hill,  and  difcharge  water 
in  dry  weather.;  and  the  intermilTions  of  the  ^pruig 
■may  continue  feveral  days.  But  it  we  fuppofe  AOi  to 
reprefent  another  cavity,  fupphed  with  water  by  the 
■ channel  NO,  as  well  as  by  lilTures^and  cietts  in  the 
-rock,  and  by  the  draining  of  the  adjacent  earth  ; and 
another  channel  STV,  communicating  with  the  bot- 
-tomof  it  at  S,  afcending  to  T,  and  terminating  on 
'the  furkice  "at  V,  in  the  form  of  a liphon  ; this  dilpo  i- 
Hiori'  of  the  internal  cavities  of  the  earth,  which  we  ma) 
rreafonably  fnppofe  that  nature  has  formed  in  a variety 
-of  places,  wlllfcrveto  explain  the  principle  _ of  r^u- 
^•procating  Springs;  for  it  is  plain,  that  the  cayity  X 
mull  be  fupplied  with  water  to  the  height  (^T,  before 
it  can  pafs  over  the  bend  of  the  channel  at  T. , and  then  it 
will  flow  through  the  longer  leg  of  the^fiphon  TV,  and 
be  difeharo'cd  at  tlie  end  V,  which  is  lower  than  S. 
Now  if  the  channel  STV  be  conflderably  larger  than 
NO,  by  which  the  water  is  principally  conveyed  into 
therefervoir  XOP,  the  refervoir  will  be  emptied  of  its 
water  by  the  fiplion  ; and  when  the  water  deicends  be- 
dow  its  orifice  S,  the  air  will  drive  the  remaining  water 
out  of  the  channel  STV',  and  the  Spring  vyill  ceafe  to 
flow.  But  in  time  the  water  m the  refervoir  will  again 
rife  to  the  height  QPT,  and  be  difeharged  at  V as  be- 
fore. It  iscaly  to  conceive,  that  the  diameters  of  the 
channels  NO  and  STV  may  be  fo  proportioned  to  one 
anetber,  as  to  afford  an  intermiffion  and  renewal  of  the 
Sp.rincr  V at  regular  Intervals.  Thus,  if  NO  commn- 
iiicat^  wilha  well  fupplied  by  the  tide,  during  the  time 
of  flow,  the  quantity  of  water  conveyed  by  it  into  the 
cavity  XOP  may  be  fufficlent  to  fill  it  up  to  QPl  ; 
and  STV  may  be  of  fuch  a fize  as  to  empty  it,  during 
the  time  of  ebb.  It  is  eafy  to  apply  this  rcafomng  to 
more  complicated  cafes,  where  feveral  refervoirs  and 
fiphons  communicating  with  each  other,  may  fupply 
Springs  with  circumftances  of  greater  variety.  See 
jV! uffehenbroek’s  Introd.  ad  Ifliil.  Nat.  tom.  ii.  pa.  loio. 
Hefagu.  Exp.  Phil.  vol.  Ii,  pa.  1733 

We  fliall  here  obferve,  that  Defaguliers  calls  thole 
■rexiprocating  Springs  which  flow  cordlantly,  but  with  a 
ffream  fubjea  to  iucreafe  and  decreafe;  and  thus  he  dil- 
tinguifhes  them  from  intermitting  Springs,  which  flow 

cr  flop  alternately.  . n 

It  is  faid  that  in  the  diocefe  of  Paderbom,  in  Welu- 
phalia,  there  is  a Spring  which  difappears  after  twenty- 
four  hours,  and  always  returns  at  the  end  of  fix  houis 
with  a great  noife,  and  with  fo  mucli  force,  as  to  turn 
three  mills,  not  far  from  its  foiirce.  It  is  called  the 
Bolderborn,  or  boiflerous  Spring.  Phil.  Tranf.  num.  7, 

p’a-  127.  , 

There  are  many  Springs  of  an  extraordinary  nature 
in  our  own  country,  which  it  is  needlefs  to  recite,  as 
they  are  explicable  by  the  general  principles  already  il- 

luftratcd.  , ^ i j 

Spring,  Ver^  ni  Aflronomy  and  Cofmography,  de- 

«iotes  one  of  the  feafons  of  the  year  .;  commencing,  in 


the  northern  parts  of  the  eartli,  on  the  day  the  fun  cii,* 
ters  the  firll  degree  of  Aries,  which  is  about  the 
2ifl  day  of  March,  and  ending  when  the  fun  enters 
^Cancer,  at  the  fummer  folflice,  about  tlie  2 iff  of  Junej 
Spring  ending  when  the  fummer  begins. 

Or,  more  ffritffly  and  generally,  for  any  part  of  the 
earth,  or  on  cither  fide  of  the  equator,  the  Spring 
feafon  begins  when  the  meridian  altitude  of  the  iun, 
being  on  theincreafe,  Is  at  a medium  between  the  great- 
eft  and  leaff ; and  ends  when  the  meridian  altitude  Is 
at  the  greateff.  Or  the  Spring  is  the  feafon,  or  time, 
from  the  moment  of  the  fun’s  crofting  the  equator  til! 
he  rife  to  the  greateff  height  above  it. 

EJater  Spring,  in  Phyfics,  denotes  a natural  facul- 
ty, or  endeavour,  of  certain  bodies,  to  return  to  their 
firff  flate,  after  having  been  violently  put  out  of  the 
fame  by  compreffing,  or  bending  tl.iern,  or  the  like. 

This  faculty  is  iifually  called  by  phiiofophers,  elajlk 
force^  or  elajlicitg. 

Spring^  in  "Mechanics,  is  ufed  to  fignify  a body  of 
any  fliape,  perfectly  elaftic. 

Elafiicity  oj  a Spring.  See  Elasticity. 

Length  of  a Spring,  may,  from  its  etymology, fig- 
nlfy  the  length  of  any’^  elaftic  body'  ; but  it  is  particu- 
larly ufed  by  Dp.  Jurin  to  fignify  the  greateff  length  to 
wjiich  a Spring  can  be  forced  inwarda,  or  drawn  out- 
wards, without  prejudice  to  its  elaiiicity.  He  obferves, 
this  would  be  the  whole  length,  were  the  Spring  comi- 
dered  as  a mathematical  line  ; but  in  a material  Spring, 
it  is  the  difference  between  the  whole  length,  when  the 
Spring  is  in  its  natural  fituation,  or  the  fitiiation  it  will 
reft  in  when  not  dilturbed  by  any  external  force,  and 
the  length  or  fpace  it  takes  up  when  wTolly  compreffed 
and  doled,  or  when  drawn  out. 

Strength  or  Force  of  Spring,  is  ufed  for  the  force 
or  weight  which,  when  the  Spring  is  wholly  compreffed 
or  clofed,  will  juft  prevent  it  from  unbending  itfelf. 
Alfo  the  Force  of  a Spring  partly  bent  or  clofed,  is  the 
force  or  weight  which  is  juft  fufficient  to  keep  the  Spring 
in  that  flate,  by  preventing  it  from  unbending  itfelf 
any  farther. 

The  theory  of  Springs  is  founded  on  this  principle), 
vt  intenfio,  fic^is  ; that  is,  the  intenfity  is  as  the  com- 
preffing  force  ; or  if  a Spring  be  any  way  forced  or  put 
out  of  its  natural  fituation,  its  refiftance  is  proportional 
to  the  fpace  by  which  it  is  removed  from  that  fituation. 
This  principle  has  been  verified  by  the  experiments  of 
Dr.  Hook,  and  lince  him  by  thofe  of  others,  particu- 
larly by  the  accurate  hand  of  Mr.  George  Graham, 
l.edures  De  Porentia  Reftitutiva,  1678.^ 

For  elucidating  this  principle,  on  which  the  whole 
theory  of  Springs  depends,  fuppofe  a Spring  CL,  reft- 
ing  at  L againll  any  immoveable  fupport,  but  other- 
wife  lying  in  its  natural  fituation,  and  at  full  liberty. 
Then  if  this  Spring  be  preffed  Inwards  by  any  force/’, 
or  from  C towards  L,  through  the  fpace  of  one  inch, 
and  can  be  there  detained  by  that  force  />,  the  refin- 
ance of  the  Spring,  and  the  force  p,  exactly  counter- 
balancing each  other  ; then  will  the  double  force  %p 
bend  the  Spring  through  the  fpace  of  2 inches,  and  the 
triple  force  3/>  through  3 Inches,  and  the  quadruple 
force  4/>  through  4 inches,  and  fo  on.  The  fpace  CL 
through  which  the  Spring  is  bent,  or  by  which  Itii 
end  C is  removed  from  its  natural  fituation,  being  al- 


ways 
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Tt^ays  proportional  to  the  force  which  will  bend  it  fo  far, 
and  will  juft  detain  it  when  fo  bent.  On  the  other  hand, 
if  the  end  C be  drawn  outwards  to  any  place  and 
be  there  detained  from  returning  back  by  any  force  y>, 
the  fpace  Ca,  through  which  it  is  fo  drawn  outwards, 
will  be  alfo  proportional  to  the  force which  isjuft  able 
td  retain  it  in  that  fituation. 


It  may  here  be  obferved,  that  the  Spnng  of  the  air, 
or  its  elaftic  force,  is  a power  of  a different  nature, 
and  governed  by  different  laws,  from  that  of  a palpa- 
ble rigid  Spring.  For  fuppofing  the  line  LC  to  re- 
prefent  a cylindrical  volume  of  air,  which  by  com- 
preflion  is  reduced  to  L/,  or  by  dilatation  is  extended 
to  I-.X,  its  elaftic  force  will  be  reciprocally  as  L/  or  Fx  ; 
whereas  the  force  or  refiftance  of  a Spring  is  diredlly  as 
(J/ovCa. 

This  principle  being  premifed,  Dr.  Jurin  lays  down 
a general  theorem  concerning  the  adtion  of  a body 
ftriklng  on  one  end  of  a Spring,  while  the  other  end  is 
fuppofed  to  reft  again  ft  an  immoveable  fupport. 

Thus,  if  a Spring  of  the 
ftrength  P,  and  the  length  CL, 
lying  at  full  liberty  upon  an  ho- 
rizontal plane,  reft  with  one  end 
L againft  an  immoveable  fup- 
port ; and  a body  of  the  weight 
M,  moving  with  the  velocity  V, 
in  the  diredlion  of  the  axis  of  the 
Spring,  ftrlke  diredlly  on  the 
other  end  C,  and  fo  force  the 
•Spring  inwards,  or  bend  it 
through  any  fpace  CB  ; and  if  a mean  proportional  CG 

M 

be  taken  between  — x CL  and  za,  where  a de- 
notes the  height  to  which  a body  would  afeend  in  vacuo 
with  the  velocity  V ; and  farther,  if  upon  the  radius 
R — CG  be  deferibed  the  quadrant  of  a circle  GFA : 
then, 

1.  IVhen  the  Spring  is  bent  through  the  right  fine 
CB  of  any  arc  GF,  the  velocity  v of  the  body  M is  to 
the  original  velocity  V,  as  the  cofine  BF  is  to  the  ra- 

BF 

dius  CG ; that  is  : V : ; BF  : CG,  ox  v = — X V. 

2.  The  time  t of  bending  the  Spring  through  the 
fame  fine  CB,  is  to  T,  the  time  of  a heavy  body’s 
afeending  in  vacuo  with  the  velocity  V,  as  the  corre* 

VoL.  II. 


fponding  arc  is  to  2a  j that  is  ^ : T : t GF  : 2^,  or 


GF 

la 


X T. 


The  doTor  gives  a demonftration  of  this  theo- 
rem, and  deduces  a great  many  curious  corollaries  from 
it.  Thefe  he  divides  into  three  claftes.  The  firft  con- 
tains fuch  corollaries  as  are  of  more  particular  ufe  when 
the  Spring  is  wholly  clofed  before  the  motion  of  the 
body  ceafes ; the  fecond  comprehends  thofe  relating  to 
the  cafe,  when  the  motion  of  the  body  ceafes  before  the 
Spring  is  wholly  clofed  : and  the  third  when  the  motion 
of  the  body  ceafes  at  the  inftant  that  the  Spring  is 
wholly  clofed. 

We  fhall  here  mention  fome  of  the  laft  clafs,  as 
being  the  moft  fimple  ; having  firft  premifed,  that?  =:= 
the  ftrength  of  the  Spring,  L = its  length,  V zz:  the 
initial  velocity  of  the  body  clofingthe  Spring,  M Its 
mafs,  t = time  fpent  by  the  body  in  clofing  the^Spring, 
A.  = height  from  w'hich  a heavy  body  will  fail  in  va- 
cuo In  a fecond  of  time,  a — the  height  to  wdiich  a 
body  would  afeend  in  vacuo  wnth  the  velocity  V,  C 
the  velocity  gained  by  the  fall,  m ^ the  circumference 
of  a circle,  whofe  diameter  Is  i.  Then,  the  motion 
of  the  ftrlking  body  ceafing  wdien  the  Spring  is  wholly 
clofed.  It  will  be. 


I. 


= c y 


PL 

o IVT  A 


2. 


3- 


y 

the  firft  momentum. 


4.  If  a quantity  of  motion  MV  bend  a Spring 
through  its  whole  length^  and  be  deftroyed  by  it ; no 
other  quantity  of  motion  equal  to  the  former,  as 

;iM  X — , will  clofe  the  fame  Spring,  and  be  wholly 

ti 

deftroyed  by  it. 

5.  But  a quantity  of  motloia,  greater  or  lefs  than 
TslV,  In  any  given  ratio,  may  clofe  the  fame  Spring, 
and  be  wholly  deftroyed  in  clofing  it  ; and  the  time 
fpent  In  clofing  the  Spring  will  be  refpedively  greater 
or  lefs,  In  the  fame  given  ratio. 

C^PL 

6.  The  initial  vis  viva,  or  MV^  Is  = — — ; and 

2i-l 

2^M  = PL  ; alfo  the  Initial  vis  viva  is  as  the  redlan- 
gle  under  the  length  and  ftrength  of  the  Spring,  that  is, 
MV"  Is  as  PL. 

7.  If  the  vis  viva  MV"  bend  a Spring  through  its 

whole  length,  and  be  deftroyed  in  clofing  It  ; any 

. 

other  vis  viva,  equal  to  the  former,  as  «"iM  x 

will  clofe  the  fame  Spring,  and  be  deftroyed  by  it. 

8.  But  the  time  of  clofing  the  Spring  by  the  vis  viva 

V^ 

„i]y[  X — , will  be  to  the  time  of  clofing  it  by  the 


vis  viva  MV^,  as  « to  i. 

9.  If  the  vis  viva  MV*  be  wholly  confumed  In  clofing 
a Spring,  of  the  length  L,  and  ftrength  Pj  then  the 
3 R . vis 
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vis  viva  «^MV*  will  be  fufficient  to  clofe,  id,  Eitlier  a 
Spring  of  the  leng’th  L and  ttrength  2d,  Or  a 

Spring  of  the  length  nlu  and  ftrength  «P.  3d,  Or  of 

the  length  and  llrength  P.  4th,  Or,  if  n be  a 
whole  number,  the  number /P  of  Springs,  each  of  the 
length  L and  ftrength  P. — It  may  be  added,  that  it 
appears  from  hence,  that  the  number  of  fimilar  and 
equal  Springs  a given  body  in  motion  can  wholly  clofe, 
is  always  proportional  to  the  fquares  of  the  velocity  of 
that  body.  And  it  is  from  this  principle  that  the  chief 
argument,  to  prove  that  the  force  of  a body  in  motion 
is  as  the  fquare  of  its  velocity,  is  deduced.  See 
Force. 

The  theorem  given  above,  and  its  corollaries,  will 
equally  hold  good,  if  the  Spring  be  fuppofed  to  have 
been  at  firft  bent  through  a certain  fpace,  and  by  un- 
bending itfelf  to  prefs  upon  a body  at  reft,  and  thus 
to  drive  that  body  before  it,  during  the  time  of  its  expan- 
fion  : only  V,  Inftead  of  being  the  Initial  velocity  with 
which  the  body  ftruck  the  Spring,  will  now  be  the  fi- 
nal velocity  with  which  the  body  parts  from  the  Spring 
when  totally  expanded. 

It  may  alfo  be  obferved,  that  the  theorem,  &c,  will 
equally  hold  good,  if  the  Spring,  inftead  of  being 
prelTed  inward,  be  drawn  outward  by  the  adtion  of  the 
body.  The  like  may  be  faid,  if  the  Spring  be  fup- 
pofed to  have  been  already  drawn  outward  to  a certain 
length,  and  in  reftoring  itfelf  draw  the  body  after  it. 
And  laftly,  the  theorem  extends  to  a Spring  of  any 
form  whatever,  provided  L be  the  greateft  length  it 
can  be  extended  to  from  its  natural  fitiiatlon,  and  P the 
force  which  will  confine  It  to  that  length.  See  Philofi 
Tmnf.  num.  472,  fedl.  10,  orvol.  43,  art.  10. 

Spring  is  more  particularly  iifed,  in  the  Mechanic 
Arts,  for  a piece  of  tempered  fteel,  put  into  various 
machines  to  give  them  motion,  by  the  endeavour  it 
makes  to  unbend  Itfelf. 

In  watches,  it  is  a fine  piece  of  welhbeaten  fteel, 
coiled  up  in  a cylindrical  cafe,  or  frame  ; which  by 
ftretching  itfelf  forth,  gives  motion  to  the  wheels,  &c. 

Spring  Arbor ^ in  a Watch,  is  that  part  in  the  mid- 
dle of  the  Spring-box,  about  which  the  Spring  is 
wound  or  turned,  and  to  which  it  is  hooked  at  one 
end. 

Spring  Box,  in  a Watch,  is  the  cylindrical  cafe, 
or  frame,  containing  within  it  the  Spring  of  the 
watch. 

^?'SimG~CompaJfes.  See  Compasses. 

Spring  of  the  Air,  or  its  elaftic  force.  See  Air, 
and  Elastioity. 

SpRiNG-y/W-fj,  are  the  higher  tides,  about  the  times 
of  the  new  and  full  moon.  See  Tide. 

Springy,  q\’ Elaflic  Body,  See  Elastic  Body, 

SQUARE,  in  Geometry,  a quadrilateral  figure, 
whofe  angles  are  right,  and  Tides  equal.  Or  It  is  an 
equilateral  redlangle.  Or  an  equilateral  re6f angular 
parallelogram. 

A Square,  and  indeed  any  other  parallelogram,  is 
bifefled  by  its  diagonal.  And  the  fide  of  a Square  is 
incommenfurable  to  its  diagonal,  being  in  the  ratio  of 
1 to  \/2. 


To  fnd  the  Area  of  a Square.  Multiply  the  ride? 
by  itielf,  and  the  produdl  Is  the  area.  So,  if  the  fide 
be  10,  the  area  is  100  j and  if  the  fide  be  12,  the 
area  is  144. 

Square  Foot,  is  a Square  each  fide  of  which  Is  equal 
to  a loot,  or  12  inches  ; and  the  area,  or  Square  foot 
is  equal  to  144  fquare  inches. 

Geometrical  Sqjjare,  a compartment  often  added  on 
the  face  of  a quadrant,  called  alfo  ^Shadows, 
and  Quadrant. 

Gunned s Square.  See  Quadrant. 

Magic  Square.  See  Magic  Square. 

Square  Meafures,  the  Squares  of  the  lineal  mea- 
fures ; as  in  the  following  Table  of  Square  Mea- 
fures : 


Squa. Inches. 

Sq.  Fevt. 

r ' - 

Sq.  Yards- 

Sq  .Foil's. 

■'.Chs 

Acres. 

S.  Miles.  : 

144 
1296 
39204 
627264 
6272  640 
4014489000 

I 

9 

2724 

435^^ 

43560 

27878400 

I 

304 

484 

4840 

3097600 

I 

16 

160 

102400 

I 

10 

6400 

I 

640 

Nonna!  S(yuARE,  is  an  inftriiment,  made  of  wood 
or  metal,  ferving  to  deferibe  and  meafure  right  angles  ^ 


fuch  is  ABC.  It  confifts  of  two  rulers  or  branches 
faftened  together  perpendicularly.  When  the  two  legs 
are  moveable  on  a joint,  it  is  called  a bevel. 

To  examine  whether  the  Square  is  exaT  or  noto 
Deferibe  a femicircle  DBE,  with  any  radius  at  plea- 
fure  ; in  the  circumference  of  which  apply  the  angle  of 
the  Square  to  any  point  as  B,  and  the  edge  of  one  leg 
to  one  end  of  the  diameter  as  D,  then  if  the  other  leg 
pafsjuftby  the  other  extremity  at  E,  the  Square  is 
true  ; otherwife  not.  , 

Square  Number,  is  the  product  arlfing  from,  a 
number  multiplied  by  itfelf.  Thus,  4 is  the  Square  of 
2,  and  16  the  Square  of  4, 

The  ferles  of  Square  integers,  is  i,  4,9,  16,  25,  36,  &c; 
which  are  the  Squares  of  - - i,  2,3,  4,  4,  6,&c. 
Or  the  Square  fraaions  - - 
which  are  the  Squares  of  - - 4:?  |»  i>  t»  h 

A Square  number  is  fo  called,  either  becaufe  it  de- 
notes the  area  of  a Square,  whofe  fide  is  exprefled  by  the 
root  of  the  Square  number  j as  rn  the  annexed  Square, 

which 


s a.u 
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3 

which  confifts  of  g little  fquares,  the  fide  being  equal  to 

3 ; or  elfe,  which  is  much  the  fame  thing>  becaufe  the 

points  in  the  number  may  be  ranged  . . • 

in  the  form  of  a -Square,  by  making 

the  root,  or  fadtor,  the  fide  of  the  • • • 

Square. 

Some, properties  of  Squares  arc  as 
follow-;-  -K  Of  the 


Natural feries  of  Squares,  2*,  3*,  4^,  5:c, 

' which  are  equal  to  1 , 4 , 9 , 1 6 , &c ; 


The  mean  proportional  mn  between  any  two  of  thefe 
Squares  and  71^,  is  equal  to  the  Icfs  fquare  its 
root  multiplied  by  the  difference  of  the  roots  ; or  alfo 
equal  to  the  greater  fquare  minus  its  root  multiplied  by 
the  laid  difference  of  the  roots.  That  is, 

mn  = m?"  d-  * 

where  H ~ n — m the  difference  of  their  roots. 

2.  An  arithmetical  mean  between  any  Uvo  Squares 
tn^  andn*,  exceeds  their  geometrical  mean,  by  half  the 
-Square  of  the  difference  of  their  roots. 

That  is  d-  \n'^  m mn  + 

3.  Of  three  equidiilant  Squares  in  the  Series,  the 
,geometrIcal  mean  between  the  extremes,  is  lefs  than  the 
■middle  Square  by  the  Square  of  their  common  diflancc 
in  the  Series,  or  of  the  common  difference  of  their  roots. 

That  Is,  mp  ~ rP  — cP  \ 

where  w,  w,/>,  are  In  arithmetical  progrelfion,  the  com- 
mon difference  being  d, 

4.  The  difference  between  the  two  adjacent 

Squares  and  77%  is  rr  2m  4-  i ; 

in  like  manner,  — 71-  — in  1,  the  differ- 

ence between  the  next  two  adjacent  Squares  and  p'^ ; 
and  fo  on,  for  the  next  following  Squares.  Hence  the 
difference  of  thefe  differences,  or  the  fecond  difference 

of  the  Squares,  is  in  im  = 2 x n — m = 2 only, 
becaufe  n — m — 1 ; that  is,  the  fecond  differences  of 
the  Squares  arc  each  the  fame  conftant  number  2 : 
therefore  the  firft  differences  will  be  found  by  the  conti- 
nual addition  of  the  number  2 ; and  then  the  Squares 
themfelves  will  be  found  by  the  continual  addition  of 
the  firfl  differences  ; and  thus  the  whole  feries  of  Squares 
■is  conftrui^ed  by  addition  only,  as  here  below  : 


2d  Diff. 

2 

2 

2 

2 

2 

2 

(See. 

ill  Diff. 

I 

3 

7 

9 

1 1 

'3 

&c. 

1 Squares. 

I 

4 

9 

16 

25 

36 

49 

&c. 

And  this  method  of  conffrudfing  the  table  of  Square 
numbers  I find  firfl  noticed  by  Peletarius,  in  his  Alge- 
bra. ^ 

5,  Another  curious  property,  alfo  noted  by  the 
fame  author,  is,  that  the  fuin  of  any  number  of  the 
cubes  of  the  natural  feries  i,  2,  3,  4,  &c,  taken  from 
the  beginnings  always  makes  a Square  number ; and 
that  the  feries  of  Squares,  fo  formed,  have  for  their 
roots  the  numbers  i,  3,  6,  10,  15,  21,  &c, 
the  diffs.  of  which  are  I,  2,  3,  4,  5,  6,  &c, 
viz,  1^  zr  i^, 

1*  d-  23  — 3^, 

H + 23  -f  33  = 6*, 

1 3 4.  23  -f-  33  4-  43  10*  ; and  in  general 

1^  + 2^  + 33  4, /i3— (i4_2  4-3  4-«)2'~|n.in-}-i; 
where  n Is  the  number  of  the  terras  or  cubes. 

Square  Rooif  a number  confidered  as  the  root  of  a 
fecond  power  or  Square  number ; or  a number  which 
multiplied  by  itfelf,  produces  the  given  number.  Sec 
Extraction  0/  RootSj  and  alfo  the  article  Root, 
where  tables  of  Squares  and  roots  are  inferted. 

T.  Square,  or  Square,  an  inflrument  ufed  In 
drawing,  fo  called  from  its  refemblaiice  to  the  capital 
letter  T. 

This  Inflrument  confiffs  of 
tw’O  flralght  rulers  A B and 
CD,  fixed  at  right  angles  to 
each  other.  To  which  is 
fometimes  added  a third  EF, 
moveable  about  the  pin  C,  to 
fet  it  to  make  any  angle  with 
CD. — It  is  very  ufeful  for 
drawing  parallel  and  perpen- 
dicular lines,  on  the  face  of 
a fmootb  drawing-board. 

SQJJARED  - fquarfy 
Squared-cw/^^’,  &c.  See 
Power. 

SQUARING.  See  Qua- 

DRATURE. 

Squaring  the  Circle y is 
the  makingorfinding  a Square 
vvhofe  area  (hall  be  equal  to  the  area  of  a given  circle. 

The  beff  mathematicians  have  not  yet  been  able  to 
refolve  this  problem  accurately,  and  perhaps  never  will. 
But  they  can  eafily  come  to  any  propofed  degree  of  ap- 
proximation wliatever  ; for  inffance,  fo  near  as  not  to 
err  fo  much  in  the  area,  as  a grain  of  fand  would  co- 
ver, in  a circle  whofe  diameter  is  equal  to  that  of  the 
orbit  of  Saturn.  The  following  proportion  is  near 
enough  the  truth  for  any  real  ufe,  viz,  as  I is  to 
•88622692,  fo  Is  the  diameter  of  any  circle,  to  the 
fide  of  the  fquare  of  an  equal  area.  Therefore,  if  the 
diameter  of  the  circle  be  called  d,  and  the  fide  of  the 
equ^l  fquare  s ; 

then  is  .f  = *886226927/  = -||</  nearly, 


and  d 

See  Circle, 
3 


D 


s 

*88522692  u# 

lAMETER,  and 


f nearly. 
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STADIUM,  an  ancient  Greek  long  meafure,  con- 
taining 125  geometrical  paces,  or  625  Roman  feet;, 
correfponding  to  our  furlong. 

Eight  Stadia  make  a geometrical  or  Roman  mile  ; 
and  20,  according  to  Dacler,  a French  league  ; but 
according  to  others,  800  Stadia  make  41I  leagues. 

Guilletiere  obferves,  that  the  Stadium  was  only  600 
Athenian  feet,  which  amount  to  625  Roman,  or  566 
French,  or  604  Englidi  feet  : fo  that  the  Stadium 
fhould  have  been  only  1 13  geometrical  paces.  It  mull 
be  obferved  however,  that  the  Stadium  was  different 
at  different  times  and  places. 

STAFF,  Ahnucantar^s,  Augural,  Back,  Crofs,  Fore, 
O'fsei,  IFc.  See  thefe  feveral  articles. 

STAR,  Stella,  in  Aftronomy,  a general  name 
for  all  the  heavenly  bodies. 

The  Stars  are  diftinguiflied,  frorh  the  phenomena, 
&c,  into Ji.xedd.ndi  erratic  ox  ^ivandering. 

Erratic  or  Wandering  Stars,  arc  thofe  which  are 
continually  changing  their  places  and  diftances,  with 
regard  to  each  other.  Thefe  are  what  are  properly 
called /A'iif/J'.  Though  to  the  fame  clafs  may  likewife 
be  referred  comets  or  blazing  Stars. 

Fixed  Stars,  called  aifo  barely  Stars,  by  way  of 
eminence,  are  thofe  which  have  ufiially  been  obferved 
to  keep  the  fame  diilance,  with  regard  to  each  other. 

The  chief  circumflances  obfervable  in  the  fixed 
Stars,  are  their  djance,  magnitude,  number,  nature,  and 
motion.  Of  each  of  which  in  their  order. 

Diflance  of  the  Fixed  Stars.  The  fixed  Stars  are  fo 
extremely  remote  from  us,  that  we  have  no  diflances  in 
the  planetary  fyflem  to  compare  to  them.  Their 
immenfe  diflance  appears  from  hence,  that  they  have  no 
fenfible  parallax  ; that  is,  that  the  diameter  of  the  earth’s 
annual  orbit,  which  is  nearly  190  millions  of, miles, 
bears  no  fenfible  proportion  to  their  diflance. 

Mr.  Fluygens  (Cofmotheor.  lib.  4)  attempts  to  de- 
termine the  diflance  of  the  Stars,  by  making  the  aper- 
ture of  a telefcope  fo  fmall,  as  that  the  fun  through  it 
appears  no  larger  than  Sirius  ; which  he  found  tu  be 
only  as  i to  27664  of  his  diameter,  when  feen  with  the 
naked  eye.  So  that,  were  the  fun’s  diflance  27664 
times  as  much  as  it  is,  it  would  then  be  feen  of  the 
fame  diameter  with  Sirius.  And  hence,  fuppofing  Si- 
rius to  be  a fun  of  the  fame  magnitude  with  our  fun, 
the  diflance  of  Sirius  will  be  found  to  be  27664  times 
the  diflance  of  the  fun,  or  345  million  times  the  earth’s 
diameter. 

Dr.  David  Gregory  invefllgated  the  diflance  of  Si- 
rius, by  fuppofing  it  of  the  fame  magnitude  with  the 
fun,  and  of  the  fame  apparent  diameter  with  Jupiter 
in  oppofition  : as  may  be  feen  at  large  in  his  Allrono- 
my,  lib.  3,  prop.  47. 

Caflini  (Mem.  Acad.  1717),  by  comparing  Jupi- 
ter and  Sirius,  when  viewed  through  the  fame  tele- 
fcope, inferred,  that  the  diameter  of  that  planet  was  10 
times  as  great  as  that  of  the  Star  ; and  the  diameter  of 
Jupiter  being  he  concluded  that  the  diameter  of 

Sirius  was  about  5"  ; fuppofing  then  that  the  real  mag- 
nitude of  Sirius  is  equal  to  that  of  the  fun,  and  the 
diflance  of  the  fun  from  us  12000  diameters  of  the 
earth,  and  the  apparent  diameter  of  Sirius  being  to 
that  of  the  fun  as  1 to  384,  the  diflance  of  Sirius  be- 
comes equal  to  4608000  diameters  of  the  earth. 
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Thefe  methods  of  .Huygens,  Gregory,  and  Caffinlj, 
are  con'iedlural  and  precarious  ; both  becaufe  the  fun 
and  Sirius  are  fuppofed  of  equal  magnitude,  and  alfo 
beeaiife  it  is  fuppofed  the  diameter  of  Sirius  is  deter- 
mined with  fuflicient  exadlnefs. 

Mr.  Micheil  has  propofed  an  enquiry  into  the  proba- 
ble parallax  and  magnitude  of  the  fixed  Stars,  from  the 
quantity  of  light  which  they  afford  ns,  and  the  peculiar 
circumflanccs  of  their  fituation.  With  this  view  he 
fuppofes,  that  they  arc,  on  a medium,  equal  in  mag- 
nitude and  natural  brightnefs  to  the  fun  ; and  then 
proceeds  to  inquire,  what  would  be  the  parallax  of  the 
fun,  if  he  were  to  be  removed  fo  far  from  us,  as  to 
make  the  quantity  of  the  light,  which  we  fliould  then 
receive  from  him,  no  more  than  equal  to  that  of  the 
fixed  Stars.  Accordingly,  he  affumes  Saturn  in  oppo- 
fition, as  eqijgl,  or  nearly  equal  in  light  to  the  brightefl 
fixed  Star.  As  the  mean  diflance  of  Saturn  from  the  fun 
is  equal  to  about  2082  of  the  fun’s  femidiameters,  the 
denfityof  the  fun’s  light  at  Saturn  will  confequently  be 
leis  than  at  his  own  furface,  in  the  ratio  of  the  fquare 
of  2082  or  43 3 47 24 to  I : If  Saturn  therefore  refledl- 
ed  all  the  light  that  fails  upon  him,  he  would  be  lefs  lu- 
minous in  that  fame  proportion.  And  befides,  his  ap- 
parent diameter,  in  the  oppofition,  being  but  about 
the  105th  part  of  that  of  the  fun,  the  quantity  of  light 
which  we  receive  from  him  miifl  be  again  diminifhed  In 
the  ratio  of  the  fquare  of  105  or  11025  to  i.  Confe- 
quently, by  multiplying  thefe  two  numbers  together, 
we  fhall  have  the  whole  of  the  liglit  of  the  fun  to  that 
of  Saturn,  as  the  fquare  nearly  of  220,000  or 
48,.4oo,ooo,oooto  I.  Hence,  removing  the  fun  t0220j000 
times  his  pi'efent  diflance,  he  would  iiill  appear  at 
lead  as  bright  as  Saturn,  and  his  whole  parallax  upon 
the  diameter  of  the  earth’s  orbit  would  be  lefs  than  2 
feconds  : and  this  mufl  be  afl'umed  for  the  parallax  of 
the  brightefl  of  the  fixed  Stars,  upon  the  fuppofition 
that  their  light  does  not  exceed  that  of  Saturn. 

By  a like  computation  it  may  be  found,  that  the 
diflance,  at  which  the  fun  would  afford  us  as  much  light 
as  we  receive  from  Jupiter,  is  not  lefs  than  46,000 
times  his  prefent  diflance,  and  his  whole  parallax  in 
that  cafe,  upon  the  diameter  of  the  earth’s  orbit,  would 
not  be  more  than  9 feconds  ; the  light  of  Jupiter  and 
Saturn,  as  feen  from  the  earth,  being  in  the  ratio  of 
about  22  to  I,  when  they  are  both  in  oppofition,  and 
fuppofing  them  to  refledl  equally  in  proportion  to  the 
whole  of  the  light  that  falls  upon  them.  But  if  Jupiter 
and  Saturn,  Inflead  of  refledling  the  whole  of  the  light 
that  falls  upon  them,  fhould  really  refledf  only  a part  of 
it,  as  a 4th,  or  a 6th,  which  may  be  the  cafe,  the  above 
diflances  mufl  be  increafed  in  the  ratio  of  2 or  2^  to 
1,  to  make  the  fun’s  light  no  more  than  equal  to  theirs; 
and  his  parallax,  would  be  lefs  in  the  fame  proportion, 
Suppofingthen  that  the  fixed  Stars  are  of  the  fame  mag- 
nitude and  brightnefs  with  the  fun,  it  is  no  wonder 
that  their  parallax  fliould  hitherto  have  efcaped  obfer- 
vation  ; fince  in  this  cafe  it  could  hardly  amount  to  2 
feconds,  and  probably  not  more  than  one  in  Sirius  hlm- 
felf,  though  he  had  been  placed  in  the  pole  of  the 
ecliptic  ; and  in  thofe  that  appear  much  lefs  luminous, 
as  7 Draconis,  which  is  only  of  the  3d  magnitude,  it 
could  hardly  be  expedled  to  be  fenfible  with  fuch  inflru- 
meiits  as  have  hitherto  been  iifed^  However,  Mr.  Mi- 
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clicll  fuggefls,  tliat  it  is  not  impra6licable  to  con{lrii6t 
inftrvuments  capable  of  diftingiiifhing  even  to  the  20th 
part  of  a fecond,  provided  the  air  will  admit  of  that 
degree  of  exattnefs.  This  ingenious  writer  apprehends 
that  the  quantity  of  light  which  we  receive  from  Si- 
rius, does  not  exceed  the  light  we  receive  from  the  lead 
fixed  Star  of  the  6th  magnitude,  in  a greater  ratio  than 
that  of  1000  to  I,  nor  lefs  than  that  of  400  to  i ; and 
the  fmaller  Stars  of  the  2d  magnitude  feem  to  be  about 
a mean  proportional  between  the  other  two.  Hence 
the  whole  parallax  of  the  lead  fixed  Stars  of  the  6th 
magnitude,  fuppofing  them  of  the  fame  fize  and  native 
briffhtnefs  with  the  fun,  fhould  be  from  about  z'"  to 

O % 

5'"',  and  their  diflance  from  about  8 to  12  million  times 
that  of  the  fun  : and  the  parallax  of  the  fmaller  Stars  of 
the  zd  magnitude,  upon  the  fame  fuppofition,  fhould  be 
about  and  their  didance  about  2 million  times 

that  of  the  fun. 

’This  author  farther  fuggeds,  that,  from  the  appa- 
rent fituation  of  the  vSta^-s  in  the  heavens,  there  is  the 
greated  probability  that  the  Stars  are  collected  together 
in  cinders  in  fome  places,  where  they  form  a kind  of 
fydems,  whild  in  others  there  are  either  few  or  none  or 
them  ; whether  this  difpofition  be  owing  to  their  mu- 
tual gravitation,  or  to  fome  other  law  or  appointment 
of  the  Creato'r.  Hence  it  may  be  inferred,  that  fuch 
double  vStars,  S:c.  as  appear  to  confid  of  two  or  more 
Stars  placed  very  near  together,  do  really  confid  of 
Stars  placed  near  together,  and  under  the  influence  of 
fome  general  law:  and  he  pioceeds  to  inquire  whether, 
if  the  Stars  be  colledled  into  fydems,  the  fun  does  not 
llkewife  make  one  of  fome  fydem,  and  which  fixed 
Stars  thofe  are  that  belong  to  the  fame  fydem  with 
him. 

Thofe  Stars,  he  apprehends,  which  are  found  in 
cluders,  and  furrounded  by  many  others  at  a fmall  dlf- 
tance  from  them,  belong  probably  to  other  fydems, 
and  not  to  ours.  And  thofe  Stars,  which  are  fur- 
rounded  with  nebulas,  are  probably  only  very  large 
Stars  which,  on  account  of  their  fuperlor  magnitude, 
are  fingly  vlfible,  while  the  others,  which  compofe  the 
remaining  parts  of  the  fame  fydem,  are  fo  fmall  as  to 
efcape  our  fight.  And  thofe  nebulae  in  which  we  can  dif- 
cover  either  none  or  only  a few  Stars,  even  with  the 
affidance  of  the  bed  telefcopes,  are  probably  fydems 
that  are  dill  more  didant  than  the  red.  For  other  par- 
ticulars of  this  inquiry,  fee  Fhllof.  Tranf.  vol.  57,  pa. 
234  &c.  _ 

As  the  didance  of  the  fixed  Stars  Is  bed  determined 
by  their  parallax,  various  methods  have  been  purfued, 
though  hitherto  without  fuccefs,  for  invedigating  it  ; 
the  refult  of  the  mod  accurate  obfervations  having  given 
us  little  more  than  a didant  approximation  ; from  which 
however  we  may  conclude,  that  the  neared  of  the  fixed 
Stars  cannot  be  lefs  than  40  thoufand  diameters  of 
the  whole  annual  orbit  of  the  earth  didant  from 
U3. 

The  method  pointed  out  by  Galileo,  and  attempted 
by  Hook,  Flamdeed,  Molyneux,  and  Bradley,  of 
taking  the  dldances  of  fuch  Stars  from  the  zenith  as 
pafs  very  near  it,  has  given  us  a muchjuder  idea  of  the 
immenfe  didance  of  the  Stars,  and  furnifhedan  approxi- 
mation to  their  parallax,  much  nearer  the  truth,  than 
any  we  had  before. 


Dr.  Bradley  afliires  us  (Philof.  Tranf.  num.  406,  or 
Abr.  vol.  6,  pa.  162),  that  had  the  parallax  amounted 
to  a fingle  fecond,  or  two  at  mod,  he  fliould  have  per- 
ceived it  in  the  great  number  of  obfervations  wliich 
he  made,  efpecially  upon  y Draconis  ; and  that  it 
feemed  to  him  very  probable,  that  the  annual  parallax 
of  this  Star  does  not  amount  to  a fingle  fecond,  and 
confequently  that  it  is  above  400  thoufand  times  farther 
from  us  than  the  fun. 

But  Dr.  Herfchel,  to  whofe  indudry  and  ingenuity, 
in  exploring  the  heavens,  adronomy  is  already  much 
indebted,  remarks,  that  the  Indrument  ufed  on  this 
occafion,  being  the  fame  with  the  prefent  zenith  fec- 
tors,  can  hardly  be  allowed  capable  of  fhewdng  an  an- 
gle of  one  or  even  two  feconds,  with  accuracy'' : and  be- 
fidcs,  the  Star  on  which  the  obfervations  were  made,  is 
only  a bright  Star  of  the  3d  magnitude,  or  a fmall  Star 
of  the  2d  ; and  that  therefore  its  parallax  is  probably 
much  lefs  than  that  of  a Star  of  the  fird  magnitude.  So 
that  we  are  not  warranted  in  inferring,  that  the  paral- 
lax of  the  Stars  in  general  does  not  exceed  i ",  where- 
as thofe  of  the  fird  magnitude  may  have,  notwith- 
ftandlng  the  refult  of  Dr.  Bradley’s  obfervations,  a 
parallax  of  feveral  feconds. 

As  to  the  method  of  zenith  dldances,  it  is  liable  to 
confiderable  errors,  on  account  of  refrablion,  the  change 
of  podtion  of  the  earth’s  axis,  arifing  from  nutation, 
preceffion  of  the  equinoxes,  or  other  caufes,  and  the 
aberration  of  light. 

Dr.  Herfchel  has  propofed  another  method,  by  means 
of  double  Stars,  which  is  free  from  thefe  errors,  and 
of  fuch  a nature,  that  the  annual  parallax,  even  if  it 
diould  not  exceed  the  10th  part  of  a fecond,  may  dill 
become  vlfible,  and  be  afeertained  at  lead  much  nearer 
than  heretofore.  This  method,  which  was  fird  pro- 
pofed in  an  imperfeft  manner  by  Galileo,  and  has  been 
alfo  mentioned  by  other  authors,  is  capable  of  every 
improvement  which  the  telelcope  and  mechanifm  of  mi- 
crometers can  furnlfh.  To  give  a general  idea  of  it,, 
let  O and  E be  two  oppofite  points  of 
the  annual  orbit,  taken  in  the  fame 
plane  v/ith  two  liars  A,  B,  of  unequal 
magnitudes.  Let  the  angle  AOB  be 
obferved  when  the  earth  is  at  O,  and 
AEB  be  obferved  when  the  earth  is  at 
E.  From  the  diflerence  of  thele  an- 
gles, when  there  is  any,  the  parallax  of 
the  Stars  may  be  computed,  accord- 
ing to  the  theory  fubjolned.  Thefe 
two  Stars  ought  to  be  as  near  as  pof- 
fible  to  each  other,  and  alfo  to  differ 
as  much  in  magnitude  as  we  can  find 
them. 

This  theory  of  the  annual  parallax 
with  the  method  of  computing  from  thence  what  is 
ufually  called  the  parallax  of  the  fixed  Stars,  or  of  fin- 
gle Stars  of  the  fird  m.agnitude,  fuch  as  are  neared  to 
us,  fuppoies  id,  that  the  Stars  arc  all  about  the  fize  of 
the  fun  ; and  2dly,  that  the  diflerence  in  their  apparent 
magnitudes,  is  owing  to  their  diflerent  didances,  fo  as- 
that  a Star  of  the  2d,  3d,  or  4th  m*agnitude,  Is  2,  5, 
or  4 times  as  far  oflF  as  one  of  the  fird.  Thefe  princi- 
ples, which  Dr.  Herfchel  premifes  as  podulata,  have  fo 
great  a probability  in  their  favour,  that  they  wiil 
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fjarcely  be  objected  to  by  tbofe  wlio  are  in  tbeleaft  ac- 
quainted with  the  doctrine  of  chances.  See  Mr.  MichelVs 
Inquiry,  &c.  already  cited.  And  Phlloi,  1 ranf.  vol.  57, 
pa.  2^4  - - - - 24c.  Alfo  Dr.  Halley,  on  the  Nuni- 
ber,  Order,  and  Liglit  of  the  fixed  Stars,  in  the  Ihi- 
lof.  IVanf.  voL  3!,  or  Abr.  voh  6,  pa.  14S. 

Therefore,  let  EO  be  the 
whole  diameter  of  the  earth’s  an- 
nual 01  bit ; and  let  A,  B,  C be  three 
Stars  fitnated  in  tlie  ecliptic,  in  fuch 
a manner,  that  they  may  appear 
ail  in  one  line  OABC  when  the 
earth  Is  at  O.  Now^  if  OA, 

AB,  BC  be  equal  to  each  other, 

A will  be  a Star  of  the  firfl  magni- 
tude, B of  the  fecond,  and  C of 
the  third.  Det  us  next  fuppofe 
the  angle  OAE,  or  parallax  of  the 
whole  orbit  of  the  earth,  to  be 
of  a degree  4 then,  becaufe  very 
fmall  angles,  having  the  fame  fub- 
tenfe  EO,  may  be>taken  to  be  in 
the  inverfe  ratio  of  the  lines  OA, 

03,  OC,  See,  WQ  fliall  have 
EBO  — i'h  and  ECO  = 
alfo  becaufe  EA  ==  AB  nearly, 
the  angle  AEB  “ A BE  m ; 
and  becaufe  BC  — ^ PO  = I;  BE 
nearly,  the  angle  BEC  rr  I BCE  = and  hence 
A EC  = i 4-  ^ all  which  it  follow^s  that, 

when  the  earth  is  at  E, 

the  Stars  A and  B appear  at  ^^Miftant  from  one  another, 
the  Stars  A and  C at  diftant,  and 
the  Stars  B and  C only  diftant.  In  like  manner 
may  be  deduced  a general  expreffion  for  the  parallax 
that  will  become  vifible  in  the  change  of  didance  be- 
tween the  tw'o  Stars,  by  the  removal  of  the  earth  from 
one  extreme  of  her  orbit  to  the  other.  Let  P denote  the 
total  parallax  of  a fixed  Star  ot  the  magnitude  of  the 
jil  order,  and  m the  number  of  the  order  of  a fmaller 
Star,  p denoting  the  partial  parallax  to  be  obferved  by 
the  change  in  the  diftance  of  a double  Star 

m — Af 


then  \%  p — 


mM 


■P,  or  P = 


mP/fp 


m 


-M 


, which  gives 


P,  when  p is  found  by  obfervation^ 

For  Ex.  Suppofe  a Star  of  the  ift  magnitude  fhould 
have  a fmall  Star  of  the  12th  magnitude  near  it  ; then 
will  the  partial  parallax  we  are  to  expedt  to  fee  be 

-A p =:  14  -P?  or  yI:  of  the  total  parallax  of  the 

12  X I 

larger  Star ; and  if  we  fhould,  by  obfervation,  find  the 
partial  parallax  between  two  fuch  Stars  to  amount  to 
i'\  then  will  the  total  parallax  P zz:  W p z=. 

Again,  if  the  Stars  be  of  the  3d  and  24th  magnitude, 


the  total  parallax  will  be  P 


they  fliould  appear  in  one  line,  when  the  earth  is  in 
fome  other  part  of  her  orbit  between  E and  O ; then 
will  the  parallax  be  ftill  expreffed  by  the  fame  algebraic 
formula,  and  one  of  the  maxima  will  ftill  lie  at  E, 
the  other  at  O ; but  the  wBole  effe6l  will  be  divided 
into  two  parts,  which  will  be  in  proportion  to  each 
otb.er,  as  radius  — fine  to  radius  q-  fine  of  the 
Star’s  diftance  from  the  neareft  conjunction  or  oppo- 
ficion. 

When  the  Stars  are  any  whei'e  out  of  the  ecliptic, 
fituatej  fo  as  to  appear  in  one  line  OABC  perpendicu- 
lar to  EO,  the  maximum  of  parallax  will  ftill  be  ex- 


preffed  by 


m 


M 


mM 


P ; but  there  will  arife  another  ad- 


ditional parallax  in  the  conjundtlon  and  oppofition,which 
will  be  to  thatwhichis  found  90°  before  or  after  the  fun, 
as  the  fine  (s)  of  the  latitude  of  the  Stars  feen  at  O,  is 
to  I'adlus  ( i ) ; and  the  effect  of  this  parallax  will  be 
^divided  into  two  parts  ; half  of  it  lying  on  one  fide  of 
the  large  Star,  the  other  half  on  the  other  fide  of  k. 
This  latter  parallax  will  alfo  be  compounded  with  the 
foriXier,  fo  that  the  diftance  of  the  Stars  in  the  con- 
jundfion  and  oppofition  will  then  be  reprefented  by  the 
diagonal  of  a parallelogram,  whofe  fides  are  the  two 
femiparallaxes  ; a general  exprefTion  for  which  will  be 

M 


m 


IniM 


'P 1 or  \p  \/ 1 


When  the  Stars  are  in  the  pole  of  the  ecliptic,  s will 
be  = I,  and  th^  iaft  formula  becomes  ^p/^z  = 
*707  !/>. 

Again,  let  the  Stars  be  at  fome  diftance,  as  5%  from 
each  other,  and  let  them  be  both  in  the  ecliptic.  This 
cafe  is  refolvable  iirto  the  firfl; ; for  imagine  the  Star  A 
to  ftand  at  I ; then  the  angle  AEI  may  be  accounted 
equal  to  AO! ; and  as  the  foregoing  formula, 

in  — M 


mM 


Pf  gives  us  the  angles  AEB,  AEC, 


^4^3,  72a  24v 

——p  = lif  - y*p-> 
^4  3 

fo  that  if  by  obfervation  p be  found  to  be  yV  ^ 
fecond,  the  whole  parallax  P will  come  out  f = 
0*3428'^. 

Farther,  the  Stars  being  flill  in  the  ecliptic,  fuppofe 


vve  are  to  add  AEI  or  to  AEB,  which  will  give 
JEB.  In  general,  lettbe  diftance  of  the  Stars  be  i/, 
and  let  the  obferved  diftance  at  E be  D ; then  will 
D =■  d py  and  therefore  the  whole  parallax  of  the 

annual  orbit  will  be  expreffed  by  — Dd  =:  P. 

Suppofe  now  the  Stars  to  differ  only  in  latitude,  one 
being  in  the  ecliptic,  the  other  at  fome  diftance  as 
3^/  north,  when  feen  at  O.  This  cafe  may  alfo  be  re- 
folved  by  the  former ; for  imagine  the  Stars  B and  C to  - 
be  elevated  at  right  angles  above  the  plane  of  the  figure, 
fo  that  AlOB,  or  AOC,  may  make  an  angle  of  5^' at 
O ; then  inftead  of  the  lines  OABC,  EA,  EB,  EC, 
imagine  them  all  to  be  planes  at  right  angles  to  the 
figure  ; and  it  will  appear  tliat  the  parallax  of  the  Stan 
in  longitude,  mu  ft  be  the  fame  as  if  the  fmall  Star  had 
been  without  latitude.  And  fince  the  Stars  B,'C,  by 
th^;  motion  of  the  earth  from  O to  E,  will  not  change 
their  latitude,  we  fliall  have  the  following  conftru^fion 
for  finding  the  diftance  of  the  Stars  AB  and  AC  at  E, 
and  from  thence  the  parallax  P. 

Let 
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XiCt  the  triangle  reprefent  tlie  /?,- 
fituation  of  the  Stars  ; nh  is  the 
fiibtenfe  of  9^'',  the  angle  itnucr 
which  they  are  fuppoieh  to  be  fceu 
at  O.  The  quantity  bfi  by  th.e  for- 

mer  theorem  is  tonnh  — 
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we  have 

m-M 

found  by  obfervation,  and  tlie  three 
the  total  parallax  is  obtained. 

Wlien  the  Stars  differ  in  lungitud 
this  cafe  may  be  lefolved  in  the 
Let  tile  triangle  ah^  reprelent 
the  fituation  of  tire  Stars, 

ah  z=.  d being  their  diflanee  j y 

feen  at  O,  //p  = D their 
diflanee  feen  at  E.  Tiiat 

the  change  /p,  wlri.nn  is  pro-  ,•  ' 

dneed  by  the  eau'tli's  motion,  / i 

Will  be  truly  expreEed  by  r ' 

w — fl/  ' i 

may  be  proved  as  /''  ^ 

betore,  by  fuppofing  the  Smr  a 
to  have  been  plsaed  at  a. 

Now  let  the  angle  of  pvnition  /jx  be  tahen  by  a micro- 
meter, or  by  any  (.uher  method  fnhieienilv  exiici  t then, 
by  relolving-  the  tr  Xn  tic  n/o-:,  we  ebiam  the  lorgmidi- 
nal  and  latitncinal  didricnccs  ax  and  lx  o;  tlie  tr-'o 
flars.  Put  acc  z=:  v,  ~ and  it  will  he  .v  P /p 
— - ay,  whence 
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If  neither  of  ilm  S'ars 
hr-  -- 


;//  - M 

in  the  ecliptic,  nor 
ive  tne  iame  Img’tude  or  latitude,  the  hilt  theorem 
Will  tlill  terve  to  Calcnhye  the  tmal  L.trallax.  wlioic  maxi- 
mum Will  lie  ill  m.  Thtme  will  cd.iu  nriie  imothcr  })a- 
rHiiax,  whole  maximrim  v.n'l  be  intne  crndunCtion  and 


oppolition,  which  will  be  divided,  imd  he  on  ditfer 
iides  of  the  lai'ge  t-tar  ; but  as  the  ssdieie  inn  'ill 


.erci.t 


tremciy  hmad, 


It  IS  not  nec.  iTar-'  to  I'nonti; 


I ax  ir  ex- 
it very 


particular  cafe  of  this  kind  ; fiir  by  leafoa  of  the  divi- 
fion  (sf  the  paridilax,  wlnc  li  renders  ubfcrvai  ions  taken 


at  any  other  tm 


e -t 


\ \ 


I 


‘C  It  IS  gi\X;t'. u,  veiy  un- 
Pivouiabie,  ttie  ivmnmke  wtmlu  tm  of  liitle  'ih 


e nuc. 

Er.  Ider'.chel  el oies  hn’o  acco  ue.t  of  this  theory,  v.nhli 
a general  o[)fervati.m  01.  the  time  am'  place  wimre  the 


maxima  oi 


^ ' 


;•  1 


equal  Stars  m 


and  the  laryer  dtat  ha 


..nax  wiX  nappen.  Thus,  when  two  un- 
e both 

A a V C L Lj  - 


:n  t.w  corptic, 

the  echutic,  have  eq.u'l  h titud 


c;>,  liortli  or  limuh, 
nicfl  tide,  the  tT.axirnnrri 

of  the.appaient  diilai:  :e  will  h<:  when  tlm  fun's  hmai- 
tude  13  00°  more  than  the  Sem  s,  or  when  obfeived  ir:  die 
morning':  and  the  min'muri,  when  the  longitude  of  the 
fun  is  po°  Icfs  than  that  of  the  Star,  or  when  obferved 

-vheii  the  fiiiall  Star  has  molt 


iv.  tjic  evenuig. 


longitude,  the  maximum  and  minimum,  as  well  as  trie 
time  of  obfervation,  \.  ill  be  the  reverfe  of  the  former. 
And  Vviien  tlie  Siam  differ  in  latitiule,  this  makes  no 
altemtion  in  tk:e  phive  of  the  maximum  or  minimum,  nor 
in  rlie  time  o:  ohdes-vation  ; that  is,  it  is  immaterial 

o-'ii-c  ‘Ji-  greater  latitude.  Philo!. 

II. 


c i 

wine!',  ot  me  two  btars  has  tlie  greater  iatitude. 

Tranf.  voL  ;z,  art 

Tne  ji dance  of  tlie  Star  7 Draconis  appear?,  bv 
' obiei's  utions,  already  recited,  to  be  at  lead 


Pwtcim 

4''o,ooo  timm;  triat  of  tiie  fun,  and  th.e  cdlance  of  th 
i.earelf  hxed  Star,  not  ItP  than  40,000  diameters  of  die 
eartida  annual  orbit  ; that  is,  the  diflanee  from  the  earth, 

of  tlie  former  at  leafi  38,000,000,000,000  miles, 
and  tlie  latter  not  Icfs  tlian  7,600,000,000,000  miles. 

As  the!  e diuauces  are  immenfely  great,  it  may  both  be 


gicen,  amihing,  and  help  to  a clearer  and  more  familiar  Id 


Oex 


vexocity  o:  Icmse  moviiur 
* . 

bod'-,  b'l  vhi  di  tfiev  mar'  be  menfured. 


to  cu'ir.Ocnc  iiumi  irntli  tin 
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d'-,  b'l  w hi  d)  tfiey  mar'  I 
Tlie  I ; W'lt  mct.un  we  knew  of,  is  tlmt  of  light, 
wiucii  ] r.hcs  from  the  fun  ro  tlie  earth  in  about  8 uvi- 
nuus;  and  \ et  tins  would  be  above  6 ycais  travefilr.  T 
tlw  liinl  (pace,  'nul  near  a year  and  a quarter  in  paoing 
from  the  nearnl  lixed  Star  to  the  earl;;.  But  a aaiuion 
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rile  Celebrated  Huygens  puriu.d  speculations  of  tlo’s 


k'lid  fi  far,  as  to  belie  e it  not  iirpwliibie,  that  th 


lei  e 


nv;y  hr  Otars  at  inch  ineorcciw.ble  diltauctj,  that  their 
!i  ;ht  ha^  not  \ et  reached  the  e arth  hnee  it.,  creatiem. 


Dr.  Hallev 


.1  - c,  n o a L-  V a n c ^ 


0,  wiidt  re  PC’S  icenis  to 
be  a mcrap’iyfical  im  -u’mx  (Pimcf.  d'lanl.  niimher  367, 
or  x\l:r,  vcl.  6,  pa.  146),  vf/,  ti.at  the  lUiinbcr  ot  lixed 
Stars  niuit  be  me-re  than  hn.tc,  and  U me  of  them  ruoie 
than  at  a hiiitc  riiilance  mom  orh.ers:  and  Piddifon  has 
ja  d]','  obrer'.'ed,  that  tins  tho'.rynit  i?  far  Ire-m  being'  rX- 
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vork.  of  udjiiite  povan-,  pronmaed  py  mnn’iL  oooh- 
iicis,  and  having  a’l  infinde  Ip'oce  to  eiert  itiblf 
in  ; fo  tliatonr  imagination  ca^'  im  ro  hour-fm  to  it. 

jSi  i2^:'itiidc:  of  ti-  yve',/ Star,-:.  S’he  magnitudes  of 
tlic  Stars  appear  to  be  vei  v diflbrent  fr^.m  a-rc  ano- 
ther; rvliieh  cn if L i ence  mar'  pmjbaidy  man  prmi'  ncni 
a dircriiry  in  them  real  ma.^nnu(le,  hut  prim  ipadv  'bom 
tlicir  diilancis,  rrlnefi  aie  ddi',  le;  t. 
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The  Stars,  on  account  of  their  apparently  various 
h'/es,  have  been  diftributed  into  fevcral  claffeSj  called 
ma<ynitiides.  '1  he  ift  clafs)  or  Stars  of  the  firft  magni- 
tude, are  thofe  that  appear  largell,  and  may  probably 
be  neareft  to  us.  Next  to  theie,  are  thofe  of  the  2d 
Tuagnitiide  ; and  fo  on  to  tlie  6th,  which  comprehcndcs 
the'^fmalleh  Stars  vifibie  to  the  naked  eye.  All  beyond 
thefe,  that  can  be  perceived  by  the  help  of  telefcopes, 
pu'e  called  lelefcoplc  liars.  Not  that  all  the  Stars  of  each 
clafs  appear  judly  of  the  fame  magnitude  ; there  being 
<>Teat  latitude  in  this  refpedl  ; and  thofe  ot  the  firll 
magnitude  appearing  almoft  all  different  in  lullre  and 
iize.  There  are  alfo  other  Stars,  of  intermediate  mag- 
nitudes, which  ailronomers  cannot  refer  to  one  ciafs 
rather  than  another,  and  therefore  they  place  them  be- 
tween the  two.  Procyon,  for  inflance,  which  Ptolo- 
my  makes  of  the  firiV  magnitude,  and  Tycho  of  tne 
2d,  Flamfleed  lays  down  as  between  the  ift  and  2d. 
So  that,  inftead  of  6 magnitudes,  we  may  fay  there 
are  almoft  as  many  orders  of  Stars,  as  there  are  Stars  ; 
fo  great  variations  being  obfervable  in  the  magnitude, 
colour,  and  brightnefs  of  them. 

There  feems  to  be  little  chance  of  difeovering  with 
certainty  the  real  fize  ot  any  of  the  fixed  Stars  ; we 
luuft  therefore  be  content  with  an  approximation,  de- 
duced from  tiieir  parallax,  if  this  fhoiild  ever  be  found; 
and  the  quantity  of  light  tliey  afford  us,  compared  with 
that  of  the  fun.  And  to  this  purpofe,  Dr.  nerfchel  in- 
forms us,  that  with  a magnifying  power  of  6450,  and 
by  means  of  his  new  micrometer,  he  found  the  appa- 
rent diameter  of  a Lyrts  to  be  o//*355. 

The  Stars  are  alfo  diftingiillltcd,  with  regard  to  their 
fituation,  into  qflerifm^j  or  conjleUaiions  ; which  are  no- 
thing but  affemblages  of  feveral  neighbouring  Stars, 
confidered  as  conftituting  fome  determinate  figure,  as 
of  an  animal,  &c,  from  which  it  is  therefore  denomi- 
nated: a divlfion  as  ancient  as  the  book  of  Job,  in 
which  mention  is  made  of  Orion,  the  Pleiades, 
‘5ec. 

Pefides  the  Stars  thus  diftinguilhed  into  magnitudes 
and  conftellations,  there  are  others  not  reduced  to 
either.  Thofe  not  reduced  into  conffellatlons,  are 
called  inforrneSf  or  tinfot'nied  Stars ; of  which  kind 
feveral,  fo  left  at  large  by  the  ancients,  have  fince 
been  formed  into  new  conftellations  by  the  modern 
aftronomers,  and  cfpecially  by  Hevelius. 

Thofe  not  reduced  to  claffes  or  magnitudes,^  are 
called  nebulous  Stars;  but  fuch  as  only  appear  faintly 
in  clufters,  In  form  of  little  lucid  fpots,  nebula?,  or 
clouds. 

Ptolomy  fets  down  five  of  fuch  nebnlie,  vfz,  one  at 
the  extremity  of  the  right  hand  of  Perfeus,  which  ap- 
pears through  the  tclefcope,  thick  fet  with  Stars ; one 
in  the  middle  of  the  crab,  called  Prafepe,  or  the 
Manger,  in  which  Galileo  counted  above  40  Stars; 
one  unformed  near  the  ftmg  of  the  Scorpion  ; 
another . in  the  eye  of  Sagittarius,  in  which  two 
Stars  may  be  feen  in  a clear  fity  with  the  naked 
eye,  and  feveral  more  with  the  telefcope ; and  the 
fifth  in  the  head  of  Orion,  in  which  Galileo  counted  21 
Stars. 

Flamfteed  obferved  a cloudy  Star  before  the  bow  of 
Sagittarius,  which  cpnfifts  of  a great  number  of  fmall 
Stais  ; and  the  Star  d above  the  right  flioulder  of  this 


conftellatlon  is  encompaffed  with  feveral  more*  TlaiH'" 
fteed  and  Caffmi  alfo  difeovered  one  between  the  great 
and  little  dog,  which  is  very  full  of  Stars,  that  are  vi- 
fibie only  by  the  tclefcope. 

But  the  moft  remarkable  of  all  the  cloudy  Stars,  is  that 
in  the  middle  of  Orion’s  fword,  in  which  Huygens  and 
Dr.  Long  obferved  12  Stars,  7 of  which  (3  of  them, 
now  known  to  be  4,  being  very  ciofe  together)  feem  to 
lliine  through  a cloud,  very  lucid  near  the  middle,  but 
faint  and  ill  defined  about  the  edges.  But  the  greateft 
difeoveries  of  nebulse  and  clufters  of  Stars,  we  owe  to 
the  powerful  telefcopes  ot  Dr.  Herfchel,  wTo  has  given 
accounts  of  fome  thoufands  of  fuch  nebulse,  in  mtiny 
of  which  the  Stars  feem  to  be  innumerable,  like  grains 
of  fand.  See  Philof.  Branf.  17^4*  17^^’  17^9* 

See  Galaxy,  and  Magellanic  clouds,  and  luctd 
Spots, 

Cafiini  is  of  opinion,  that  the  brightnefs  of  thefe 
proceeds  from  Stars  fo  minute,  as  not  to  be  diftinguilhed 
by  the  bell  glades:  and  this  opinion  is  fully  confirmed 
by  the  obfervatlons  of  Dr.  Herfchel,  whofe  powerful 
telefcopes  ftiew  thofe  lucid  fpecks  to  be  compofed  en- 
tirely of  maftes  of  fmall  Stars,  like  heaps  of  fand. 

There  are  alfo  many  Stars  which,  though  they  ap- 
pear fingle  to  the  naked  eye,  are  yet  difeovered  by  the 
telefcope  to  be  double,  triple,  &c.  Of  thefe,  feveral 
have  been  obferved  by  Caffinl,  Hooke,  Long,  Maflce- 
l3me,  Hornfby,  Pigott,  Mayer,  &c  ; but  Dr.  Herf- 
chel has  been  much  the  moft  fuccefsfiil  In  obfervationa 
of  this  kind  ; and  his  fuccefs  has  been  chiefly  owing  to 
the  very  extraordinary  magnifying  powers  of  the  New- 
tonian 7 feet  refieeffor  which  he  has  ufed,  and  the  ad- 
vantage of  an  excellent  micrometer  of  his  own  conftruc- 
tion.  The  powers  which  he  has  ufed,  have  been  14^? 
227,  278,  460,  734,  932,  1159,  1536?  2010,3168, 
and  even  6450.  He  has  already  formed  a catalogue, 
containing  269  double  Stars,  227  of  which,  as  far  aa 
he  knows,  have  not  been  noticed  by  any  other  perfon. 
Among  thefe  there  are  alfo  fome  Stars  that  are  treble, 
double-double,  quadruple,  double-treble,  and  multiple. 
His  catalogue  comprehends  the  names  of  the  Stars,  and 
the  number  in  Flainfteed’s  catalogue,  or  fuch  a defcrlp- 
tion  of  thofe  that  are  not  contained  in  it,  as  will  be 
found  fufficient  to  diftinguifli  them  : alfo  the  compara- 
tive fize  of  the  Stars  ; their  colours  as  they  appeared 
to  his  view  ; their  diftances  determined  in  ieveral  diffe- 
rent ways  ; their  angle  of  pofition  with  regard  to  the 
parallel  of  declination  ; and  the  dates  when  he  firil 
perceived  the  Stars  to  be  double,  treble,  &c.  His  ob* 
fervatlons  appear  to  commence  with  the  year  1776,  but 
almoft  all  of  them  were  made  In  the  years  1779,  1780, 
1781, 

Dr.  Herfchel  has  diftributed  the  double  Stars  con- 
tained in  his  catalogue,  into  6 different  clalTes.  In  the 
firff  he  has  placed  all  thofe  which  require  a very  fupe- 
rlor  telefcope,  with  the  utmoft  clearnefs  of  air,  and 
every  other  favourable  circumftance,  to  be  feen  at  all, 
or  well  enough  to  judge  of  them  ; and  there  are  24  of 
thefe.  To  the  2d  clafs  belong  all  thofe  double  Stars 
that  are  proper  for  eftimations  by  the  eye,  and  very  de- 
licate meafures  by  the  micrometer  ; the  number  being 
38.  Tlie  3d  clafs  comprehends  all  thofe  double  Stars, 
that  are  between  3^' and  i^^^afunder;  the  number  of 
them  being  46.  The  41^7  claffes  contain 

double 


i 
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^tSouble  Stars  that  are  from  15'^  to  30^',  and  from  30^^ 
to  l',  and  from  to  2'  or  more  afunder  ; of  which 
there  are  ^4  in  the  4th  clafs,  51  in  the  5th  clafs,  and 
66  in  the  6th  clafs  : the  lad  of  this  clafs  is  a Taiiri, 
number  87  of  Flamfteed,  whofe  apparent  diameter, 
upon  the  meridian  mcafured  with  a power  of  460 
at  a mean  of  two  obfervations  i''  46'^',  and  with  a 
power  of  932  at  a mean  of  two  obfervations  l"  12'", 
‘See  the  lill  at  large,  Philofoph.  Tranf.  vol.  77, 
art.  12.  ' 

The  Stars  are  alfo  diftingu Hired,  in  each  conflellation, 
by  numbers,  or  by  the  letters  of  the  alphabet.  This 
fort  of  dlftimflion  was  introduced  by  John  Bayer,  in  his 
Uranometria,  1654;  where  he  denotes  the  Stars,  in 
each  condellatlon,  by  the  letters  of  the  Greek  alplra- 
bet,  a,  y,  e,  viz,  the  mod  remarkable 

Star  of  each  by  «,  the  2d  by  /?,  the  3d  by  r,  See  ; 
and  when  there  are  more  Stars  in  a condellatlon  than 
the  characters  "In  the  Greek  alphabet,  he  denotes  the 
red,  in  their  order,  by  the  Roman  letters  A,  b,  c,  d, 
See.  But  as  the  number  of  the  Stars,  that  have  been 
obferved  andregidered  in  catalogues,  fince  Bayer’s  time, 
is  greatly  increafed,  as  by  Flamdeed  and  others,  the 
additional  ones  have  been  marked  by  the  ordinal  num- 
bers I,  2,  3,  4,  5,  &c. 

The  Number  ef  Stars.  The  number  of  the  Stars 
appears  to  be  immenfely  gieat,  almod  infinite  ; yet 
'have  adronomers  long  fince  afeertained  the  number  of 
fuch  as  arc  vifible  to  the  eye,  which  are  much  fewer 
than  at  fird  fight  could  be  imagined.  See  Catalogue 
of  the  Stars, 

Of  the  3000  contained  in  Flamdeed’s  catalogue, 
there  are  many  that  arc  only  vifible  through  a tele- 
fcope  ; and  a good  eye  fcarce  ever  fees  more  than  a 
thoufand  at  the  fame  time  in  the  cleared  heaven  ; the 
■appearance  of  innumerable  more,  that  are  frequent  In 
-clear  winter  nights,  arifing  frorn  our  fight’s  being  de- 
ceived by  their  twinkling,  and  from  our  viewing  them 
confufedly,  and  not  reducing  them  to  any  order.  But 
neverthelefs  we  cannot  but  think  the  Stars  are  almod, 
if  not  altogether,  infinite.  See  lialley,  on  the  number, 
order,  and  light  of  the  fixed  Stars,  Pliilof.  Tranf.  num- 
ber 364,  or  Abr.  vol.  6,  pa.  14S. 

Riccioli,  in  his  New  Almaged,  affirms,  that  a man 
who  fhall  fay  there  are  above  20  thoufand  times  20 
thoufand,  would  fay  nothing  improbable.  For  a good 
telefcope,  direfted  indifferently  to  almod  any  point  of 
the  heavens,  difeovers  multitudes  that  are  lod  to  the 
naked  eye  ; particularly  in  the  milky  tvay,  w'hich  fome 
take  to  be  an  affemblage  of  Stars,  too  remote  to  be 
feen  fingly,  but  fo  clofely  dlfpofed  as  to  give  a luminous 
appearance  to  that  part  of  the  heavens  where  they  are. 
And  this  fa6l  has  been  confirmed  by  Herfchel’s  obfer- 
vations : though  it  Is  dlfputed  by  others,  who  contend 
that  the  milky  way  mud  be  owing  to  fome  other 
caufe. 

In  the  fingle  condellatlon  of  the  Pleiades,  indead  of 
6,  7,  or  8 Stars  feen  by  the  bell  eye  ; Dr.  Hook,  with 
a telefcope  12  feet  long,  told  78,  and  with  larger 
glades  many  more,  of  different  magnitudes.  And 
F.  de  Rhelta  affirms,  that  he  has  obferved  above  2000 
Stars  in  the  fingle  condellatlon  of  Orion.  The  fame 
author  found  above  188  in  the  Pleiades,  And  Huy- 
gens, looking  at  the  Star  in  the  middle  of  Orion’s 
VoL.  H. 


fvvord,  indead  of  one,  found  it  to  be  12.  Galileo 
found  80  In  the  fpace  of  the  belt  of  Orion’s  fword, 
21  in  the  nebulous  Star  of  his  head,  and  above  yoo  in 
another  part  of  him,  within  the  compafs  ©f  one  or  two 
degrees  fpace,  and  more  than  4G  in  the  nebulous  Star 
Prrefepe. 

The  Changes  that  have  happened  in  the  Stars  arc 
very  confiderable.  Tlie  firit  change  .that  is  upon 
record,  w^as  about  1 20  years  before  Clirld  ; when  Hip- 
parchus, difeovering  a new  Star  to  appear,  was  fird 
induced  to  make  a catalogue  of  the  Stars,  that  pode- 
rity  might  perceive  any  future  changes  of  the  like  na- 
ture. 

In  the  year  1^72,  Cornelius  Gemma  and  Tycho 
Brahe  obferved  another  new  Star  in  the  condellation ' 
Cafiiopeia,  which  was  llkcwife  the  occafion  of  Tycho’s 
making  a new  catalogue.  At  fird  its  magnitude  and 
brightnefs  exceeded  the  larged  of  the  Stars,  Sirius  and 
Lyra  ; and  even  equalled  the  planet  Venus  when  neared 
the  earth,  and  was  feen  in  fair  dav-hkclit.  It  continued 
16  months  ; towards  the  latter  end  of  which  it 'began 
to  dwindle,  and  at  length,  in  March  1574,  it  totally 
difappeared,  without  any  change  of  place  in  all  that 
time. 

Leoviclus  tells  us  of  another  Star  appearing  in  the 
fame  condellatlon,  about  the  year  94y,  which  refembled 
that  of  1572  ; and  he  quotes  another  ancient  obferva- 
tion,  by  which  it  appears  that  a new  Star  was  feea 
about  the  fame  place  in  1264.  Dr.  Kefl  thinks  thefer 
w'cre  all  the  fame  Star  ; and  indeed  the  periodical  in- 
tervals, or  didance  of  time  between  thefe  appearances, 
were  nearly  equal,  being  from  318  to  3 i 9 years;  and 
if  fo,  its  next  appearance  may  be  expedted  about 
1890. 

Fabricius,  in  1596,  difeovered  another  new  Star, 
called  the  Jlella  m'lra,  or  'wonderful  Star^  in  the  neck  of 
the  whale,  which  has  fince  been  found  to  appear  and 
difappear  periodically,  7 times  In  6 years,  contlauing 
in  its  greated  ludre  for  15  days  together  ; and  is  never 
quite  extlngulfiied.  Itscourfc  and  motion  are  defcrlhed 
by  Bulliald,  in  a treatife  printed  at  Paris  in  1667. 
Dr.  Hcrfchel  has  lately,  viz,  In  the  years  1777,  1778, 
1779,  and  1780,  made  feveral  obfervations  on  this 
Star,  an  account  of  which  may  be  feen  in  the  PhiloC 
'Franf.  vol.  70,  art.  2 1. 

In  the  year  1600,  William  Janfen  difeovered  a 
changeable  Star  in  the  neck  of  the  Swan,  which  gra- 
dually decreal'ed  till  it  became  fo  fmall  as  to  be  thought 
to  difappear  entirely,  till  the  years  1657,  165S,  and 
1 659,  wiien  it  regained  its  former  ludre  and  magni- 
tude ; but  foon  decayed  again,  and  is  now  of  the 
fmalled  fize. 

In  the  year  1604,  a new  Star  vv  as  feen  by  Kepler, 
and  feveral  of  his  friends,  near  the  heel  of  the  riiffit 
foot  of  Serpentarius,  which  was  particularly  bright  and 
fparkling  ; and  it  was  obferved  to  be  every  moment 
changing  into  fome  of  the  colours  of  the  rainbow,  ex- 
cept when  it  is  near  the  horizon,  at  which  time  it  was 
generally  white.  It  furpaffed  Jupiter  in  magnitude, 
but  was  cafily  didingulffied  from  him,  by  the  Heady 
light  of  the  planet.  It  difappeared  about  the  end  of 
the  year  1605,  and  has  not  been  feen  fince  that 
time. 

Simon  Marius  difeovered  another  in  Andromeda^’s 
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l^irdle,  in  1612  and  16’ 3;  though  Bulli aid  fays  it  had 
been  leen  before,  in  the  15th  Century. 

In  July  1670,  Hevelius  difeovered  a fecond  change- 
able Star  in  the  Swan,  which  was  fo  dimiiuTned  in 
October  as  to  be  fcaice  perceptible,  in  April  follow- 
ing it  regained  its  former  lullre,  but  wholly  difappeared 
in  A^uguiL  In  March  1672  it  was  feen  again,  but  ap- 
peared very  fmall,  and  has  not  been'vifible  lince. 

In  1686  a third  .changeable  Star  was  dilcovered  by 
Kirchius  in  the  Swan,  viz,  the  Star  ;:*/  of  that  con- 
flellation,  which  returned  periodically  in  about  405 
days. 

In  1672  GafTini  faw  a Star  in  the  neck  of  the  Bull, 
which  IfC  thought  was  not  vifible  in  Tycho’s  time,  nor 
when  Bayer  miade  his  ho-nres. 

It  is  certain,  from  the  old  catalogues,  that  many 
of  the  ancient  Stars  aie  not  now  vifible.  This 
has  been  particulai  1}''  remarked  with  regard  to  the 
] leiades. 

Ml  Moctanari,  in  his  letter  to  the  Royal  Society 
in  1670,  obferves’  that  there  are  now  wanting  in  the 
heavens  two  Stars  of  the  2d  magnitude,  in  the  Hern 
of  the  fhip  Argo,  and  its  yard,  which  had  been  feen 
till  the  year  1664.  When  they  firfl  difappeared  is  not 
known  ; but  he  affures  us  there  was  not  the  leaftglimpfe 
cif  them  in  1668.  He  adds,  he  has  obferved  many 
inoie  changes  in  the  fixed  Stars,  even  to  the  num- 
ber of  a hundred.  And  many  other  changes  of 
tlie  Stars  have  been  noticed  by  Caliini,  Mavaldi, 
and  other  obfervers.  See  Gregory’s  Aftron.  lib.  2, 
prop.  30. 

But  the  grcatefl  numbers  of  variable  Stars  have  been 
obferved  of  late-years,  and  the  mmll  accurate  obferva- 
tions  made  on  their  periods,  See,  by  Herfchel,  Good- 
ricke,  Pigott,  &c,  in  the  late  volumes  of  the  Philof. 
Tranf.  particularly  in  the  vol,  for  1786,  where  the  lafl 
of  thefe  gentlemen  has  given  a catalogue  of  all  that 
have  been  hitherto  obferved,  w'ith  accounts  of  the  ob- 
fervations  that  have  been  made  upon  them. 

Various  hypothefes  have  been  devifed  to  account  for 
fuch  changes  and  appearances  in  the  Stars,  It  is  not 
probable  they  could  be  comets,  as  they  had  no  paral- 
lax, even  wlien  largefl:  and  brightefl.  It  has  been 
fuppofed  that  the  periodical  Stars  have  vait  dark 
fpots,  or  dark  fides,  and  very  flow  rotations  on  their 
axes,  by  which  means  they  mull  difappesr  when  tlie 
darker  fide  is  turned  towards  us.  And  as  for  thole 
wliich  break  out  fuddenly  with  fuch  lullre,  thefe  may 
perhaps  be  funs  whok  iuei  is  almoft  fpent,  and  again 
Jupplied  by  fome  of  their  comets  falling  upon  them, 
and  occafioning  an  uncomraon  blaze  and  fplendor  for 
fome  time  ; which  it  is  conjectured  may  be  one  life  of 
the  cometary  part  of  our  fyfiem. 

Maupenuis,  in  his  Differtation  on  the  figures  of  the 
Celellial  Bodies  (pa.  61 — 63),  is  of  opinion  that  fome 
Stars,  by  tlieir  prodigious  fwift  rotation  on  their  axes, 
may  not  only  afTame  the  figures  of  oblate  fpheroids, 
but  that  by  the  great  centrifugal  force  arifing  from  fuch 
rotations,  they  may  become  of  the  figures  of  mill-fiones, 
or  be  reduced  to  fiat  circular  planes,  lo  thin  as  to  be 
quite  invifible  when  their  edges  are  turned  towards  us, 
as  Saturn’s  ring  is  in  fuch  pofition.  But  when  very 
eccentric  planets  or  comets  go  round  any  fiat  Star  in 
©rbits  much  inclined  to  its  equator,  the  attraClion  cf 


the  planets  or  comets  in  their  perihelions  muft  alter  th® 
inclination  of  the  axis  of  that  Star;  on  which  account 
it  will  appear  more  or  lefs  large  and  luminous,  as  its 
broad  fide  is  more  or  lefs  turned  towards  us.  And  thus 
he  imagines  we  may  account  for  the  apparent  changes 
of  magnitude  and  luflre  of  thofe  Stars,  and  alfo  for 
their  appearing  and  difappearing. 

Hevelius.apprehends  (Cometograpli.  pa.  580),  that 
the  Sun  and  Stars  .arc  furrounded  with  atmofpheres, 
and  that  by  whirling  round  their  axes  with  great  rapidity, 
they  throw  off  great  quantities  of  matter  into  thofe  at- 
mofpheres,  and  fo  canfe  great  changes  in  tfiem  ; and 
that  thus  it  may  come  to  pafs  that  a Star,  which,  when 
its  atmofphere  is  clear,  fliinesout  with  great  lullre,  may 
at  another  time,  when  it  is  full  of  clouds  and  thick 
vapours,  appear  greatly  diminilh^d  in  brightnefs  and 
magnitude,  or  even  become  quite  invifible. 

Nature  of  the  fxed  Stars.  The  immenfe  difiance 
of  the  Stars  leaves  lis  greatly  at  a lofs  about  the  nature 
of  them.  ’What  we  can  gather  for  certain  from  their 
phenomena,  is  as  follows  ; 

ill,  That  the  fixed  Stars  are  greater  than  our  earth  t 
becaufe  if  that  was  not  the  cafe,  they  could  not  be 
vifible  at  fucib  an  immenfe  difiance, 

2nd,  The  fixed  Stars  are  farther  difiant  from  the 
earth  than  the  farthefi:  of  the  planets.  For  we  fre* 
quently  find  the  fixed  Stars  hid  behind  the  body  of  the 
planets  : and  befides,  they  have  no  parallax,  which  the 
planets  have, 

3rd,  The  fixed  Stars  fhine  with  their  own  light  ; 
for  they  are  much  farther  from  the  Sun  than  Saturn^ 
and  appear  much  fmaller  than  Saturn  ; but.  fince,.not- 
withftanding  this,  they  are  found  to  fhine  much  brighter 
than  that  planet,  it  is  evident  they  cannot  borrow  their 
light  from  the  fame  fource  as  Saturn  does,  viz,  the 
Sun  ; but  fmee  we  know  of  no  other  luminous  body 
befide  the  Sun,  wfiience  they  might  derive  their  light,, 
it  follows  that  they  fhine  with  their  own  native  light. 

Belides,  it  is  known,  that  the  more  a telefcope 
magnifies,  the  Ids  is  the  aperture  through  which  the 
Star  is  feen  ; and  confequently,  the  fewer  rays  it  ad- 
mits into  the  eye.  Now  fince  the  Stars  appear  lefs  in  a 
telefcope  which  magnifies  two  hundred  times,  than  they 
do  to  the  naked  eye,  infomuch  that  they  feem  to  be 
only  indivifible  points,  it  proves  at  once  that  the  Stars 
arc  at  immenfe  diftances  from  us,  and  that  they  fiiine- 
by  their  own  proper  light.  If  they  fhone  by  borrowed 
light,  they  would  be  as  invifible  without  telefcopes  aa 
the  fatelhtes  of  Jupiter  are;  for  the  fatellites  appear 
larger  when  viewed  with  a good  telefcope  than  the 
lai  g efl:  fixed  Stars  do. 

Hence, 

1.  ’We  deduce,  that  the  fixed  Stars  are  fo  many 
funs ; for  they  have  all  the  charade rs  of  funs. 

2.  That  in  all  probability  the  Stars  are  not  fmaller 
than  our  fun. 

3.  That  it  Is  highly  probable  each  Star  is  the  centre 
of  a fyftem,  and  has  planets  or  earths  revolving  round; 
it,  in  the  fame  manner  as  round  our  fun,  i.  e.  it  has 
opake  bodies  illuminated,  'wanned,  and  cherifiied  by 
its  light  and  heat.  As  we  have  incomparably  more 
light  from  the  moon  than  fiom  all  the  Stars  together,, 
it  is  abfiird  to  imagine  that  the  Stars  were  made  for  no 
other  purpofc  than  to  caft.  a faint  light  upon  the  earth 
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♦fpecially  fince  many  more  require  tire  afTiflance^  of  a 
pood  telefcope  to  find  tbein  out,  than  are  viiibie  without 
that  iiiftniment.  Our  fun  is  furroiuided  by  a fydem  of 
planets  and  comets,  all  which  would  be  invilible  from 
tlie  neareli  fixed  Star  ; and  from  what  vre  already  know 
of  the  imraenfe  diflance  of  the  Stars,  it  is  eafy  to  prove, 
that  the  fun,  feen  from  fuch  a dlhance,  would  appear 
no  larger  tharia  Star  of  the  firfl  magnitude. 

IVoiTi  all  this  It  is  highly  probable,  that  each  Star  is 
a fun  to  a fyilem  of  wmrlds  moving  round  it,  thoiigii 
unfeen  by  us  ; efpeclally  as  the  dodrine  of  a plurality 
of  worlds  is  rational,  and  greatly  manifeils  the  power^ 
the  wifdom,  and  the  gooduels  of  the  great  creator. 

HowMmmenfe,  then,  does  the  iiniverfe  appear  ! In- 
deed, it  mull  either  be  infinite,  or  infimtely  near  it.  _ 

. Kepler,  It  Is  true,  denies  th.at  each  Star  can  have  its 
' fyilem  of  planets  as  ours  has  ; and  takes  them  all  to  be 
fixed  in  the  fam.e  furface  or  fphere  ; urging,  that  were 
one  twice  or  thrice  as  remote  as  another,  It  would  be 
tw'ice  or  thrice  as  fmall,  fuppofing  their  real  magnitudes 
equal  ; whereas  there  is  no  difference  in  their  apparent 
magnitudes,  juilly'  obferved,  at  alh  Cut  to  this  it  is 
oppofed,  that  Huygens  has  not  only  (hewn,  that  fires 
and  flames  are  vifible  at  diflances  where  other  bodies,, 
comprehended  under  equal  angles,  difappear  ; but^it 
fliould  hkewife  feem,  that  the  optic  theorem  about  the 
apparent  dianaeters  of  objeds,  being  reciprocally  pro- 
portional to  their  diflances  from  tlic  eye,  dots  only  hold 
while  the  objed  has  fonie  ienlible  ratio  to  Its  diflanct* 

As  for  periodical  btais,  &c.  fee  Changes,  ^6-  of 
S^nrsy  fupra. 

Moliou  ef  the  Stars.  The  flxed  Stars  have  two 
kinds  of  apparent  motion  ; one  called  thtfrfy  common^ 
or  diurnal  motiony  ariling  h'om  the  earth  s motion  round 
its  axis  : by  this  they  feem  to  be  cairied  along  Avith  the 
fphere  or  firmament , in  which  they’  appear  fixed,  louiid 
the  earth,  from  eaft  to  wt  fl,  In  the  [pace  of  24  hours. 

The  other,  called  the  fecondy  ox  proper  wot  ion,  is  that 
bv  which  they  appear  to  go  baclcwards  from  weft  to 
cafl,  round  the  poles  of  the  ecliptic,  with  an  exceeding 
flow  motion,  as  defcribing  a degree  of  their  ciicle  only 
in  the  fpace  of  715  years,  or  5O3  feconds  in  a yeat. 
Tins  apparent  motion  is  owing  to  the  rcceflion  of  the 
cquinodial  points,  which  is  feconds  of  a degree  m 
a year  backwaid,  or  contrary  to  the  order  of  the  iigns 
of  the  zodiac-. 

In  confequence  of  this  fecond  motion,  tlie  longitude 
of  the  Scars  will  be  alwass  increafmg.  fL  iius,  for  ex- 
ample, the  longitude  of  Cor  l.,tonis  was  found  at  dif- 
ferent periods,  to  be  as  follows:  viz, 


Long, 


Tear, 

By  Ptolomy,  In  - - - 138  to  be  2^ 

By  the  Perfians,  in  - imy  - . - 17 

By  ,'Mphonlu'f,  in  - - 13^4  - - - 20 

By  Prince  of  Hefle,  in  1586  - - - 24 

By  Tycho,  in  • - - 1601  - - - 24 

By  Flamflced,  in  - - 1690  - - - 25 

Whence  the  proper  motion  of  the  Stars,  according  to 
the  Older  of  the  figns,  in  circles  parallel  to  the  ecliptic, 
iseafily  inferred. 

It  was  Hipparchus  who  firfl  fufpected  this  motion, 
upon  comparing  his  own  obfervations  with  thole  of 
Timocharis  and  Ariftyllus,  Ftoloifiy)  who  lived  three 


30 

30 

40 
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17 
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centuries  after  Hipparchus,  deraonftrated  the  fame  by 
undeniable  arguments. 

The  increafe  of  longitude  in  a century,  as  dated  by 


different  aflronomers,  is  as  follows 

• 

• 

By  Tycho  Brahe  - - - - 

1° 

25' 

0^ 

Cooerniciis  ----- 
1 

I 

23 

40/ 

Flam  heed  and  Riccioli 

i 

23 

20 

Bulliald 

I 

24 

51 

lieveliiis  ------ 

1 

24 

46  y 

Dr.  Bradley,  &c.  - - 

I 

23 

5S 

W’hich  is  at  the  rate  of  30  3-  feconds  per  year. 

From  thefe  data,  the  increafe  in  the  longitude  of  a 
Star  for  any’  given  time,  is  cafily  had,  and  thence  its 
longitude  at  any  time  : ex.  gr.  the  longitude  or  Sirius, 
in  Flamfleed’s  tables,  for  the  year  1690,  being  9°  49 
I its  longitude  for  the  year  1800,  is  found  by  mul- 
tiplying  the  Interval  of  time,  viz,  i 10  years,  by 
the  produdl  y537''h  or  1°  32'  17^',  added  to  the 
given  longitude  - - - - 9 49  i 

gives  the  longitude  - - ii  21  18  for  the  year  1800, 

The  chief  phenomena  of  the  fixed  Stars,  arifingfrom 
their  common  and  proper  motion,  befides  their  longi- 
tude, are  their  altitudes,  right  afcerifions,  declinations, 
occultatlons,  culminations,  rllings,  and  lettings. 

Some  liave  fuppofed  that  the  latitudes  of  the  Stars 
are  invariable.  But  this  fuppolition  is  founded  on  two 
affumptions,  which  are  both  controverted  among  aflro- 
nomers.  The  one  of  thele  is,  that  the  orbit  of  the  earth 
continues  unalterably  in  the  fame  plane,  and  confe- 
quently  that  the  ecliptic  is  Invariable  ; the  contrary  of 
which  is  now  very  generally  allowed. 

The  other  affumption  Is,  that  the  Stars  are  fo  fixed 
as  to  keep  their  places  immoveably.  Ptolomy,  Tycho, ^ 
and  others,  comparing  their  obfervations  wnth  thofe  of 
the  ancient  aflionomers,  have  adopted  this  opinion. 
But  from  the  rcTult  of  tlic  coinparifoii  of  our  befl  mo- 
dern obfervations,  with  fuch  as  were  formerly  made 
wdth  any  tolerable  degree  of  exadlnefs,  there  appears  to 
have  been  a real  change  in  the  politibn  of  fome  of  the 
fixed  Star?,  with  refpecl  to  each  other  ; and  feveral 
Stars  of  the  firfl  magnitude  liave  already  been  obferved, 
and  others  fufpcdled  to  have  a proper  motion  of  their 
own.  # 

Dr.  Halley  (Philof.  Tranf.  number  353,  or  Abr. 
vol.  4,  p.  227)  has  obferved,  that  the  three  following 
Stais,  the  Bull’s  eye,  Sirius,  and  Ardlurus,  are  now 
found  to  be  above  half  a degree  more  foutherly  ,than 
the  ancients  reckoned  them  : that  this  difference  can- 
not arile  from  the  errors  of  the  tranleribeis,  becaufe  the 
declinations  of  the  Stars,  fet  down  by  Ptolomy,  as  ob- 
ferved by  Timocharis,  flipparcnus,  and  himfelf,  fhew 
their  latitudes  given  by  him  are  fuch  as  thofe  authors 
intended  : and  ?t  is  fcarce  to  be  believed  that  thofe  three 
obfervers  could  be  deceived  In  fo  plain  a matter.  To 
this  he  adds,  that  the  bright  Star  in  the  fhoiilder  of 
Orion  has,  in  Ptolomy,  almofl  a whole  degree  more 
foutherly  latitude  than  at  prefent  : that  an  ancient  ob- 
fervation,  made  at  Athens  in  the  year  509,  as  Biilliald 
fuppofes,  of  an  appuHe  of  the  moon  to  the  Bull’s  eye, 
fhtws  that  Star  to  have  had  lefs  latitude  at  that  time 
than  It  now  has : that  as  to  Sirius,  It  appeals  by  Tycho’s 
obfervations,  that  he  found  him  4~'  more  northerly 
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than  he  is  at  t^is  time.  Ail  thefe  obfervations,  com- 
pared together,  feem  to  favour  an  opinion,  that  fomc' 
of  the  Stars  have  a proper  motion  of  their  own,  which 
changes  their  places  in  the  fphere  of  heaven:  this  change 
ot  place,  as  Dr.  Halley  obferves,  may  fliew  itfelf  in  fo 
lung  a tune  as  1800  years,  though  it  be  entirely  im- 
perceptible in  the  fpace  of  one  fingle  century  ; and  it  is 
likely  to  be  fooneft  difeovered  in  fuch  Stars  as  thofe 
jull-now  mentioned  ; becaufe  they  are  all  of  the  firll 
magnitude,  and  may,  therefore,  proba|)ly  be  fome  of 
the  neared  to  our  lolar  Syftem.  Arbfiirus,  in  parti- 
cular, affords  a drong  proof  of  this : for  if  its  prefent 
declination  be  compared  with  its  place,  as  determined 
either  by  Tycho  or  Flamdeed,  the  difference  will  be 
found  to  be  much  greater  than  what  can  be  fufpedled 
to  arile  from  the  uncertainty  of  their  obfervations.  See 
Ar  CTURUs,  and  Mr.  Hornd)y’s  enquiry  into  the  quan- 
tity and  direction  of  the  proper  motioh  of  Ardurus, 
Phil,  Tranf.  vol.  63,  part  i,  pa.  93,  fee. 

For  an  account  of  Dr.  Bradley’s  obfervations,  fee 
the  fequel  of  this  article. 

Dr.  Herfchel  has  alfo  lately  obferved,  that  the  dif- 
tance  of  the  two  Stars  forming  the  double  Star  y 
Draconis,  is  54''  48"',  and  their  podtion  44^^  uf  N. 
preceding.  Whereas,  from  the  right  afcenfion  and  de- 
clination of  thefe  Stars  in  Flamdeed’s  catalogue,  their 
didance,  in  his  time,  appears  to  have  been  1'  1 *418, 

and  their  podtion  44°  23'  N.  preceding.  Hence  he 
infers,  that  as  the  difference  in  the  didance  of  thefe 
two  Stars  is  fo  confiderable,  we  can  hardly  account  for 
it,  otherwife  than  by  admitting  a proper  motion  in  one 
or  the  other  of  the  Stars,  or  in  our  folar  fydem  : mod 
probably  he  fays,  neither  of  the  three  is  at  red.  He 
alfo  fufpedfs  a proper  motion  in  one  of  the  double  Stars, 
in  Cauda  Lyncis  Media,  and  in  0 Ceti.  Phil.  Tranf. 
vol.  72,  part  I,  p,  1 1 7,  143,  150. 

It  is  reafonable  to  expe6:,  that  other  indances  of  the 
like  kind  mud  alfo  occur  among  the  great  number  of 
vidble  Stars,  becaufe  their  relative  podtions  may  be 
altered  by  various  means.  For  if  our  own  folar  fydem 
be  conceived  to  change  its  place  with  refpebl  to  abfolute 
fpace,  this  might,  in  procefs  of  time,  occadon  an  ap- 
parent change  in  the  angular  didances  of  the  dxed  Stars  j 
and  in  fuch  a cafe,  the  places  of  the  neared  Stars  being 
more  affedled  than  of  thofe  that  are  very  remote,  their 
relative  podtion  might  feem  to  alter,  though  the  Stars 
themfelves  were  really  immoveable  ; and  vice  verfa,  we 
may  furmife,  from  the  obferved  motion  of  the  Stars, 
that  our  fun,  with  all  its  planets  and  comets,  may  have 
a motion  towards  fome  particular  part  of  the  heavens, 
on  account  of  a greater  quantity  of  matter  collected  in 
a number  of  Stars  and  their  furrounding  planets  there 
dtuated,  which  may  perhaps  occadon  a gravitation  of 
our  whole  folar  fydem  towards  It.  If  this  furmife 
fhould  have  any  foundation,  as  Dr.  Herfchel  obferves, 
xtbi  fupra,  p.  103,  it  will  diew  itfelf  in  a feries  of  fome 
years  ; fmee  from  that  motion  there  will  arife  another 
kind  of  hitherto  unknown  parallax  (fuggeded  by  Mr. 
Michell,  Philof.  Tranf,  vol.  57,  p«  23' 2-),  the  invedi- 
gation  of  which  may  account  for  fome  part  of  the 
motions  already  obferved  in  fome  of  the  principal  Stars; 
and  for  the  purpofe  of  determining  the  direction  and 
quantity  of  fuch  a motion,  accurate  obfervations  of  the 
diftance  of  Stars,  that  are  near  enough  to  be  meafured 


with  a micrometer,  and  a very  high  power  of  telefcope:?,^ 
may  be  of  condderable  ufe,  as  they  will  undoubtedly 
give  us  the  relative  places  of  thofe  Stars  to  a much 
greater  degree  of  accuracy  than  tliey  can  be  had  by  in- 
driiments  or  fedors,  and  thereby  much,  fooner  enable 
us  to  difeover  any  apparent  change  in  their  dtuation, 
occadoned  by  this  new  kind  of  fecular  or  fydematical' 
parallax,  if  we  may  fo  exprefs  the  change  aridng  fiom^ 
the  motion  of  the  whole  folar  fydem. 

And,  on  the  other  hand,  if  our  fydem  beat  red,  and' 
any  of  the  Stars  really  in  motion,  this  might  likewife 
vary  their  apparent  podtions;  and, the  more  fo,  the- 
nearer  they  are  to  us,  or  the  fwdfter  their  motions  are 
or  the  more  proper  the  diredlion  of  the  motion  is  to. 
be  rendered  perceptible  by  us.  Since  them  the  relative- 
places  of  the  Stars  may  be  changed  from  fucli  a variety 
of  caiifes,  conddering  the  amazing  didance  at  which  it 
is  certain  fome  of  them  are  placed,  it  may  require  the 
obiervations  of  maify  ages  to  determine  the  laws  of  the 
apparent  changes,  even  of  a dngle  Star  ;;  much  more 
difficult,  therefore,  mud  it  be  to  fettle  the  laws  relating 
to  all  the  mod  remarkable  Stars-. 

W hen  the  caufes  which  affedt  the  places  of  all  the- 
Stars  in  general  are  known  ; fuch  as  the  preceffion,.., 
aberration,  and  nutation,  it  may  be  of  dngiilar  ufe  to- 
examine  nicely  the  relative  dtuations  of  particular  Stars,, 
and  cfpecially  of  thofe  of  the  greated  ludre,  which,  it 
may  be  prefumed,  lie  neared  to  us,  and  may  therefore 
be  fubjedl  to  more  fendble  changes,  either  from  their 
own  motion,  or  from  that  of  our  fydem..  And  if,  at 
the  fame  time  the  brighter  Stars  are  compared  with- 
each  other,  we  likewife  determine  the  relative  podtions 
of  fome  of  the  Imalled  that  appear  near  them,  whofe 
places  can  be  afeertained  with  fufficient  exadfnefs,  we 
may  perhaps  be  able  to  judge  to  what  caufe  the  change^ 
if  any  be  obfervable,  is  owing.  The  uncertainty  that 
we  are  at  prefent  under,  with  refpedl  to  the  degree  o£ 
accuracy  with  which  former  adronomers  could,  obfervC;,,. 
makes  us  unable  to  determine  feveral  things  relating  to 
this  fubjedt ; but  the  improvements,  which  have  off 
late  years  been  made  in  the  methods  of  taking  the  places, 
of  the  heavenly  bodies,  are  fo  great,  that  a few  years- 
may  hereafter  be  fufficient  to  fettle  fome  points,,  which 
cannot  now  be  fettled  ; by  comparing  even  the  earliefk 
obfervations  with  thofe  of  the  prefent  age. 

Dr.  Hook  communicated  feveral  obfervations  on  the. 
apparent  motions,  of  the  dxed  Stars;  and  as  this  was; 
a matter  of  great  importance  in  adronomy,.  feveral  off' 
the  learned  were  dedroiis  of  verifying  and  condrming; 
his  obfervations.  An  indrument  was  accordingly  con- 
trived by  Mr.  George  Graham,  and  executed  witffi 
furpridng  exadtnefs^. 

With  this  indrument  the  Star  7,  in  the  condellatiom 
Draco,  was  frequently  obferved  by  Meffrs.  Molyneux,.. 
Bradley,  and  Graham,  in  the  years  1723,  1726;  and' 
tlie  obfervations.  v/ere  afterwards  repeated  by  Dr.  Brad- 
ley with  an  indrument  contrived  by  the  fame  ingenious' 
perfon,  Mr.  Graham,,  and  fo  exadf,.  that  it  might  be 
depended  on  to  half  a fecond.  The  refult  of  thefe 
obfervations  was,  that  the  Star  did  not  always  appear 
in  the  fame  place,  but  that  its  didance  from  the  zenith, 
varied,  and  that  the  difference  of  the  apparent  places 
amounted  to  2 1 or  2 2 feconds.  Similar  obfervations- 
were  made  on.  other  Stars,  and  a like  apparent  motion 
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<>iras  found  In  them,  proportional  to  the  latitude  of  the 
Star.  This  motion  was  by  no  means  fuch  as  was  to 
have  been  expected,  as  the  efFedl  of  a parallax,  and  it 
was  fome  time  before  any  way  could  be  found  of  ac- 
counting for  this  new  phenomenon.  At  length  Dr, 
Bradley  refolved  all  its  variety,  in  a fatisfaftory  manner, 
by  the  motion  of  light  and  the  motion  of  the  earth 
compounded  together.  See  Light,  and  Phil.  Tranf, 
No.  406,  p.  3.64,  or  Abr.  vol.  vi,  p,  149,  6cc. 

Our  excellent  aftronomer,  Dr.  Bradley,  had  no 
fboner  difcovered  the  caufe,  and  fettled  the  laws  of 
aberration  of  the  fixed  Stars,  than  his  attention  was 
again  excited  by  another  new  phenomenon,  viz,  an 
annual  change  of  declination  in  fome  of  the  fixed  Stars, 
which  appeared  to  be  fenfibly  greater  than  a precefiion 
of  the  equinoctial  points  of  50'^  in  a year,  the  mean 
quantity  now  ufually  allowed  by  afironomers,  would 
have  occafioned. 

This  apparent  change  of  declination  was  obferved  in 
the  Stars  near  the  equinoCtial  colure,  and  there  appear- 
ing at  the  fame  time  an  effeCf  of  a quite  contrary  nature, 
Ml  fome  Stars  near  the  folllitial  colure,  which  feemed 
to  alter  their  declination  lefs  than  a precefiion  of  50'' 
required,  Dr.  Bradley  was  thereby  convinced,  that  all 
the  phenomena  in  the  different  Stars  could  not  be  ac- 
counted for  merely  by  fuppofing  that  he  had  affumed  a 
wrong  quantity  for  the  precefiion  of  the  equinoClial 
points.  He  had  alfo,  after  many  trials,  fufficient  reafon 
to  conclude,  that  thefe  fecond  unexpected  deviations  of 
the  Stars  were  not  owing  to  any  imperfeCtion  of  his 
inftruments.  At  length,  from  repeated  obfervations  he 
began  to  guefs  at  the  real  caufe  of  thefe  phenomena. 

It  appeared  from  the  DoCtor’s  obfervations,  during 
his  refidence  at  Wanfied,  from  the  year  1727  to  1732, 
that  fome  of  the  Stars  near  the  folflitial  colure  had 
changed  their  declinations  9'^  or  10^^  lefs  than  a pre- 
celTion  of  would  have  produced  ; and,  at  the  fame 
time,  that  others  near  the  equinoCtial  colure  had  altered 
theirs  about  the  fame  quantity  more  than  a like  precefiion 
would  have  occafioned  : the  north  pole  of  the  equator 
feeming  to  have  approached  the  Stars,  which  come  to 
the  meridian  with  the  fun  about  the  vernal  equinox, 
and  the  wdnter  folrtice  ; and  to  have  receded  from  lliofe, 
which  come  to  the  meridian  with  the  fun  about  the 
autumnal  equinox  and  the  fummer  folftice. 

From  the  confidcration  of  thefe  circiimftanccs,  and 
the  fituation  of  the  afeending  node  of  the  moon’s  orbit 
W'lien  he  fiilt  began  to  make  his  obfervations,  he  fuf- 
pedled  that  the  moon’s  aCiion  upon  the  equatorial  parts 
©f  the  earth  might  produce  thefe  effedls. 

For  if  the  precefiion  of  the  equinox  be,  according  to 
Sir  Ifaac  Newton’s  principles,  caufed  by  the  aCtions  of 
the  fun  and  moon  upon  thofe  parts ; the  plane  of  the 
' moon’s  orbit  being,  at  one  time,  above  10  degrees  more 
inclined  to  the  plane  of  the  equator  than  at  anoiher, 
it  was  reafonable  to  conclude,  that  the  part  of  the 
whole  annual  precefiion,,  which  arifes  from  her  adfion, 
would,  In  dlffereht  years,  be  varied  in  its  quantity ; 
whereas  the  plane  of  the  ecliptic,  in  which  the  fun 
appears,  keeping  always  nearly  the  fame  Inclination  to 
the  equator,  that  part  of  the  precefiion,  which  is  owing 
to  the  fun’s  a6lIon,  may  be  the  fame  every  year  ; and 
from  hence  It  would  follow,  that  although  the  mean 
annual  precefiion,  proceeding  from  the  joint  adions  of 


the  fun  and  moon,  were  5:0’';  yet  the  apparent  annual 
precefiion  might  fometimes  exceed,  and  fometimes  fall 
fnert  of  that  mean  quantity,  according  to  the  various 
fituations  of  the  nodes  of  the  moon’s  orbit. 

In  the  year  1727,  the  moon’s  afeending  node  was 
near  the  beginning  of  Aries,  and  confequently  her  orbit 
was  as  much  inclined  to  the  equator  as  it  can  at  any 
time  be;  and  then  the  apparent  annual  precefiion  was 
found,  by  the  Dodor’s  firft  year’s  obfervations,  to  be 
greater  than  the  mean  ; which  proved,  that  the  Stars 
near  the  equinodial  colure,  whofe  declinations  arc  moft 
of  all  affeded  by  the  precefiion,  had  changed  theirs, 
above  a tenth  part  more  than  a precefiion  of  would 
have  caufed.  The  fucceeding  year’s  obfervations  proved 
the  fame  thing;  and,  in  three  or  four  years’  time,  the 
difference  became  fo  confidcrable  as  to  leave  no  room 
to  fufped  it  was  owing  to  any  imperfedlon  either  of 
the  inflrumcnt  or  obfervation. 

But  fome  of  the  Stars,  that  were  near  the  folflitial' 
colure,  having  appeaoed  to  move,  during  the  fame  time, 
in  a manner  contrary  to  what  they  ought  to  have  done, 
by  an  increafe  of  the  precefiion  ; and  the  deviations  in 
them  being  as  remarkable  as  in  the  others,  it  was  evident 
that  fomething  more  than  a mere  change  in  the  quan- 
tity of  the  precefiion  would  be  requifite  to  folve  this 
part  of  the  phenomenon.  Upon  comparing  the  obfer- 
vations of  Stars  near  the  folflitial  colure,  that  were 
almoft  oppofite  to  each  other  in  right  afcenfion,  they 
were  found  to  be  equally  affeded  by  this  caufe.  For 
whilfl  y Draconis  appeared  to  have  moved  northward, 
the  fmall  Star,  which  is  the  35th  Camelopardall  Hevelii,^ 
in  the  Britifh  catalogue,  feemed  to  have  gone  as  much 
towards  the  fouth  ; which  (hewed,  that  this  apparent 
motion  in  both  thofe  Stars  might  proceed  from  a nuta- 
tion of  the  earth’s  axis  ; whereas  the  comparlfon  of  the 
Dodor’s  obfervations  of  the  fame  Stars  formerly  enabled 
him  to  draw  a different  conclufion,  with  refp^d  to  the 
caufe  of  the  annual  aberrations  arlfing  from  the  motion 
of  light.  For  the  apparent  alteration  In  y Draconis, 
from  that  caufe,  being  as  large  again  as  in  the  other 
fmall  Star,  proved,  that  that  did  not  proceed  from  a 
nutation  of  the  earth’s  axis;  as,  on  the  contrary,  this 
mav. 

Upon  making  the  like  comparifon  between  the  ob- 
fervations of  other  Stars,  that  lie  nearly  oppofite  in 
right  afcenfion,  whatever  their  fituations  were  with^ 
refped  to  the  cardinal  points  of  the  equator,  it  ap- 
peared, that  their  change  of  declination^  was  nearly 
equal,  but  contrary  ; and  fuch  as  a nutation  or  motion 
of  the  earth’s  axis  would  effed. 

The  moon’s  afeending  node  being  got  back  towards 
the  beginning  of  Capricorn  In  the  year  r732,  the 
Stars  near  the  equinodial  colure  appeared  about  that 
time  to  change  their  declinations  no  more  than  a pre- 
cefiion of  50^''  required  ; whilft  fome  of  thofe  near  the- 
folflitial  colure  altered  theirs  above  2 in  a year  lefs  than, 
they  ought.  Soon  after  the  annual  change  of  declina- 
tion of  the  former  was  perceived  to  be  dimlnifhed,  fo 
as  to  become  lefs  than  50^'  of  precefiion  would  caufe; 
and  it  continued  to  diminifh  till  the  year  1736,  when 
the  moon’s  afeending  node  was  about  the  beginning  of 
Libra,  and  her  orbit  had  the  leall  inclination  to  the 
equator.  But  by  this  time,  fome  of  the  Scars  near 
the  folflitial  cclure  had  altered  their  declinations  18" 
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fefs  fincc  tlie  year  1727,  than  they  ought  to  have  done 
from  a precelhon  of  50'  , For  y Dracouis,  which  in 
thofc  9 years  wo-uid  haregoiiC  about  8 more  font  herly, 
was  cbTtrved,  in  1736,  to  appear  more  northerly 
than  It  did  in  the  year  1727. 

As  ih’s  appearance  in  y Diaconis  Indicated  a dimi- 
nution of  the  inclination  of  the  earth’s  axis  to  the  plane 
of  the  ecliptic,  and  as  feveral  adronomers  have  lup- 
poJed  that^  inclination  to  diminifli  regularly;  if  this 
phenomenon  depend  upon  fuch  a caufe  and  amounted 
to  18^^  in  9 ytais,  the  obliquity  of  the  ecliptic  would, 

that  rate,  alter  a whole  minute  in  30  years  ; which 
is  much  fafter  than  any  oblervations  before  made  would 
allow.  The  Dotlor  had  therefore  reafon  to  think,  that 
fome  part  of  this  motion  at  lead,  If  not  the  whole,  was 
owing  to  tlie  moon’s  adtion  on  the  equatorial  parts  of 
the  earth,  which  he  conceived  might  caufe  a libratory 
motion  of  the  earth’s  axis.  But  as  he  was  unable  to 
judg^e,  from  only  9 years  obiervation,  whether  the 
axis  would  entirely  recover  the  fame  pofition  that  It  had 
in  the  year  1727,  he  found  It  neceffary  to  continue  his 
obfervations  through  a whole  period  of  the  moon’s 
nodes  ; at  the  end  of  which  he  had  the  fat.isfadfion  to 
lee,  that  the  Stars  returned  into  the  fame  pofitlons 
again,  as  if  there  had  been  no  alteration  at  all  in  the 
inclination  of  the  earth’s  axis  ; which  fully  convinced 
him,  that  he  had  gueffed  rightly  as  to  the  caufe  of  the 
phenomenon.  This  circumllance  proves  likewife,  tb^t 
if  there  be  a gradual  dimiinution  of  the  obliquity  of  the 
ecliptic,  it  does  not  arife  only  from  an  alteration  in  the 
pofition  of  the  earth’s  axis,  but  rather  from  fome  change 
in  the  plane  of  the  ecliptic  itfelf  ; becaufe  the  Stars,  at 
the  end  of  the  period  of  the  moon’s  nodes,  appeared  in 
the  fame  places,  with  refpedl  to  the  equator,  as  they 
ought  to  have  done  if  the  earth’s  axis  had  retained  tlie 
fame  inclination  to  an  invariable  plane. 

The  Todfor  having  communicated  thefe  obferva- 
tions, and  his  fulpicion  of  their  caufe,  to  the  late  Mr. 
Maclu’n,  that  excellent  geometrician  foon  after  fent 
liim  a table,  containing  the  quantity  of  the  annual  pre- 
cefTion  in  the  various  politions  of  the  moon’s  nodes,  as 
alio  the  correfponding  nutations  of  the  earth’s  axis  ; 
which  was  computed  upon  the  fuppofition  that  the 
mean  annual  prccelfion  is  50",  and  that  the  whole  is 
governed  by  the  pole  of  the  moon’s  orbit  only  ; and 
therefore  Mr.  Machin  imagined,  that  the  numbers  in 
the  cable  would  be  too  large,  as,  in  fadf,  they  were 
found  to  be.  But  it  appeared  that  the  changes  which 
I3r.  Bradley  had  obferved,  both  in  the  annual  preceffion 
and  nutation,  kept  the  fame  law,  as  to  Increafing  and 
decreafmg,  with  the  numbers  of  Mr.  Machin’s  table. 
Thofe  were  calculated  on  the  fuppofition,  that  the  pole 
of  the  equator,  during  a period  of  the  moon’s  nodes, 
moved  round  in  the  periphery  of  a little  circle,  whofe 
centre  was  23^  29^  didant  from  the  pole  of  the  ecliptic; 
having  itlelf  alfo  an  angular  moM'on  of  50^^  in  a year 
about  the  fame  pole.  The  north  pole  of  the  equator 
was  conceived  to  be  in  that  part  of  the  fmall  circle 
which  is  farthell  from  the  north  pole  of  the  ecliptic 
at  the  fame  time  when  the  moon’s  afeending  node  is  in 
the  beginning  of  Aries;  and  in  the  oppolite  point  of 
it,  when  the  fame  node  is  in  Libra* 
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IF  the  diameter  of  the  little  circle,  in  which  pok 
of  the  equator  moves,  be  fuppoled  equal  to  which 
is  the  whole  quantity  of  the  nutation,  as  colledted  from 
Dr.  Bradley’s  obfervations  of  the  Star  7 Draconis,  then 
all  the  phenomena  of  the  feveral  Scars  which  lie  ob- 
ferved will  be  very  nearly  lolved  by  this  hypothehs. 
But  for  the  particulars  of  his  folution,  and  the  applica- 
tion  of  his  theory  to  the  pradlice  of  allronomy,  we  mutt 
refer  to  the  excellent  author  hlmlelf ; our  intention  be- 
ing only  to  give  the  h’liory  of  the  iiu’-tniion- 

The  corrections  arding  from  the  aberration  of  light, 
and  from  the  nutation  of  the  earth’s  axis,  mud  not-  be 
neglected  in  allronomicai  obfervations  ; finee  fuch  neg- 
lects might  produce  errors  of  near  a minute  in  the  polar 
didance  of  fome  Stars.  * 

As  to  the  allowance  to  be  made  for  the  aberration 
of  light,  Dr.  Bradley  affures  us,  that  having  again  ex- 
amined thofe  of  his  own  obfervations,  which  were  mod 
proper  to  determine  the  tranfverfe  axis  of  the  ellipfis, 
which  each  Star  feems  to  deferibe,  he  found  it  to  bc 
neared  to  ; and  this  is  the  number  he  makes  ufe  of 
in  his  computations  relating  to  t he  nutation. 

Dr.  B adley  fays,  in  general,  that  experience  has 
taught  him,  that  the  obfervations  of  fuch  Stars  as  lie 
neared  the  zenith,  generally  agreebeil  with  one  another, 
and  are  therefore  fitted  to  prove  the  truth  of  any  hy- 
pothefis.  Phil.  Tranf,  485,  vol.  45,  p.  i,  &c. 

Monfieur  d’Alembert  has  publifhed  a treatife,  en- 
titled, Recherches  fur  la  PrecefTion  des  Equinoxes,  et  fur 
la  Nutation  de  la  Terre  dans  le  Svdeme  Newtonieii. 

4 w 

qto.  Pans,  1749.  The  calculations  of  this  learned 
gentleman  agree  in  general  with  Dn  Bradley’s  obfer- 
vations.  But  Monfieur  d’Alembert  finds,  that  the  pole 
of  the  equator  defcribes  an  ellipfis  in  the  heavens,  the 
ratio  of  whofe  axes  is  that  of  4 to  3 ; whereas,  ac- 
cording to  Dr.  Bradley,  the  curve  deferibe'd  is  either 
a circle  or  an  elliplis,  the  ratio  of  whofe  axes  is  as  9 to  8, 
The  feveral  Stars  in  each  condellation,  as  in  Taurus, 
Bootes,  Hercules,  &c,  fee  under  the  proper  article  of 
each  condellation,  Taurus,  Bootes,  Hercules, 
&c. 

To  learn  to  know  the  feveral  fixed  Stars  by  the  globe, 
fee  Globe, 

The  parallax  and  didance  of  the  fixed  Stars,  fee 
under  Parallax  and  Distance. 

Circumpolar  Stars.  See  Circumpolar, 

Morning  Star,  See  Morning, 

Place  of  a Star.  See  Place. 

Pole  Star.  See  Pole. 

P^winkUng  of  the  Stars.  See  Twinkling. 
Unformed  Stars.  See  In  Formes.  * 

The  following  two  catalogues  of  Stars  are  taken  from 
Dr.  Zach’s  Tabulae  Moiuum  Solis  &c,  and  are  adapted 
to  the  beginning  of  the  year  1800.  The  former  contains 
381  Stars,  {hewing  their  names  and  Bayer’s  mark,  their 
magnitude,  declination,  and  right  afcenfioii,  both  in 
time  and  in  arcs  or  degrees  of  a great  circle,  vvuh  the 
annual  variations  of  the  fame.  And  the  latter  contains 
162  principal  Stars,  fliewn'ng  their  declinations  to  fe- 
conds  of  a degree,  wdth  their  annual  variations.  . The 
explanations  are  fuffieiently  clear  from  tire  titles  of  the 
columns. 
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A Catalogue  of  the  mo/f  remarhalle  Fixed  Stars,  ^\th  thsir  Magnitudes,  Right  Afccnfiom^ 
Decimations  and  Annual  Dariatiuns,  for  the  Beginning  of  the  Tear  1800. 


[no. 

Names  and  Charac- 

Ma  g 

R 

igbt  Afcenf.^ 

Annual 

Right  Afcenfihii 

/Innual 

Declination 

Annual 

of 

Siars 

ters  of  the  Stars. 

ni- 

tude. 

ill  time. 

Vaiiat. 
in  ditto. 

in  degrees 
&c. 

\ an  at. 
in  ditto. 

North  and 
South. 

Variat. 
in  ditto. 

1 

/>. 

0 

/ 

a I 

TOO 

TOO 

0 

/ 

1 

+ 

. 

I 

7 ‘Pegafi  ' 

2 

0 

2 56-79 

3o''\3 

0 

44 

I 1*85 

*45*95 

14 

4 

N 

1 C i 

3 

0 

5 13*5^ 

3*059 

2 

18 

22*66 

45-89 

9 

57 

8 

3 

H CaffiopoJE 

4 

0 

21  4^*12 

3*301 

5 

26 

i6*75 

49*5 1 

61 

50 

N 

4 

^ Calliopeas 

4 

0 

25  53*93 

3*262 

■ 6 

28 

29*01 

•i8-93 

, 52 

49 

N 

‘ 5 

^ Andromedoe 

3 

0 

28  39*02 

3*i6i 

7 

9 

45*31 

47*42 

29 

45 

N 

6 

a.  Caffiopete 

3 

0 

29  14*40 

3'3  - » 

7 

18 

3 5*95 

49*66 

55 

26 

N 

7 

Ccti 

2 3 

0 

33  31*^3 

3001 

8 

22 

57*40 

45  01 

19 

5 

S 

8 

V)  Calliopese 

4 

0 

37  1*44 

3'389 

9 

2 1 *64 

5'->'83 

56  46 

N 

9 

^ Pilcitim 

4 

0 

38  19-08 

3*093 

9 

34  4^*J5 

46*39 

6 

30 

N 

. 

10 

7 Cafiicpeas 

3 

0 

44  44*75 

3*505 

1 1 

I { *29 

52-58 

59  38 

N 

r 

1 1 

£ Pifcium 

4 

0 

52  33*95 

3*103 

^3 

8 

29*20 

46-55 

6 

49 

N 

1 2 

Andromedie 

2 

0 

58  34*23 

3*297 

14 

38 

33*3^ 

49*46 

34 

33 

N 

13 

^ Caffioptce 

4 

0 

59  0*22 

3*531 

14 

45 

3*33 

52-96 

■53 

35 

N 

H 

^ Pilcium 

4 

I 

3 i6*99 

3*(09 

'5 

49 

14  80 

46*63 

6 

31 

N 

^5 

^ CJadiopece 

3 

1 

12  50  '58 

3*761 

18 

1 2 

38-70 

56*42 

59 

1 I 

N 

10 

(w.  I’lfciiim 

5 

I 

19  42*07 

3*ioS 

19 

55 

31*07 

46  62 

5 

7 

N 

‘7 

TT  Pilcium 

5 

I 

30  50*70 

3*164 

2 2 

37 

40*56 

47*46 

1 1 

7 

N 

18 

V Pilcium 

4 5 

1 

31  i'77 

3*107 

■ 22 

45 

■26*62 

46-6  I 

4 

28 

19 

0 I'.icium 

4 5 

1 

34  50*72 

3*M4 

23 

43 

40*84 

47-16 

8 

9 

K 

20 

£ Caffiopese 

3 

I 

40  10*01 

5*^55 

25 

2 

30*13 

62*33 

62 

41 

N 

, 

2 1 

? Ccti 

2 

I 

41  36*69 

2*953 

25 

2J. 

^0*3-3 

44*30 

1 1 

20 

S 

2 2 

<y.  'Priang.  Por, 

3 4 

I 

41  42*74 

3-379 

25 

25 

41*15 

50-68 

28 

36 

N 

23 

f Aiictis 

4 

1 

42  34*52 

3*25^ 

25 

3^ 

37*73 

48*87 

18 

19 

N 

24 

iS  Arietis 

3 

I 

43  3^*77 

3*277 

25 

54 

1 1 *4.8 

49*'  5 

19 

50 

N 

A Arietis 

5 

1 

46  48*86 

3*315 

26 

42 

12*83 

49*73 

'2  2 

37 

N 

26 

'7  Andromedte 

. ^ 

A 

1 

51  41*05 

3*615 

27 

55 

15-76 

54*23 

41 

22 

N 

1 

27 

preced.  a T 

• 

1 

50  26*15 

• • « • 

27 

3^> 

32*25 

. . . 

• • 

• • 

28 

c/.  Arietis 

2 

I 

55  55*27 

3*535 

28 

58 

49*05 

50*02 

3* 

N 

29 

■X-  feq.  cc  T 

• 

1 

59  3^*13 

• • « 

29 

54 

31*95 

. . . 

« • 

♦ ♦ 

1 

3° 

Arietis 

5 6 

2 

7 1-64 

5’368 

31 

45 

24*55 

49*62 

18 

58 

N i 

! 

31 

0 Ceti  (Variab.) 

2 

2 

9 H‘7o 

3*019 

32 

18 

40*50  i 

45*29 

3 

54 

s 

32 

Anttis 

6 

2 

38  9*29 

3*321 

39 

32 

«9*32  1 

49  ^1 

16 

N 

33 

c7  Arietis 

6 

2 

40  28*09 

3*285 

40 

/ 

1*39 

49*28 

I 1 

15 

N 

34 

^ Celi 

3 

2 

29  14*17 

3*060  j 

37 

18 

32*54 

4C90 

0 

33 

8 

' 35 

£ Ceti 

3 

2 

29  53*42 

2*884  I 

37 

2 8 

21*37 

43*27 

1 2 

d± 

> t 

8 

36 

7 Ceti 

! 

3 

2 

32  57-18 

3*102 

38 

14 

i 

1 7*76 

46-53  i 

2 

23 

N 

37 

77  Ceti 

3 

2 

34  3^*02 

2*849 

3^ 

S9. 

0*29 

42*74  t 

14 

43 

S 

T dlii  l3or.* 

4 

2 

35  57*70 

•3*521 

38  59 

25*49 

52*8  I 

28 

25 

N 

39 

Y Lilil  Auft. 

4 

2 

>4-43 

3*4'^'9 

39 

33 

36*49 

52-34 

26 

26 

N 

40 

C Arietis 

6 

2 

44  35-65  i 

3-344 

1 

4» 

8 

54*72 

50*1 6 

17 

31 

N ^ 

4» 

Arietis 

5 6 

2 

45  9*35 

3*340 

4^ 

17 

20*19 

50*10 

17 

13 

N 

i 

42 

7)  Eridani 

3 

2 

46  59-72 

2*917 

4^ 

39 

55-78 

43*75 

9.42 

8 

43 

e Arietis 

5 

2 

47  48*01 

3*401 

4f 

57 

I *80 

51*01 

20 

32 

N 

44 

<y  Perfei 

3 

2 

50  24*42 

4*250 

42 

3^ 

6*2  5 

63*75 

52 

43 

N 

4S 

oi  Ceti 

2 

2 

51  ^;o*o7 

3 * I I Q 

42 

57 

31*06 

46*66 

3 

18 

N 

1 
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Catalogju  of  the  principal  Fixed  Stars  for  the  Beginning  of  the  7'ear  l8oo. 


No. 

of 

Stars- 

Names  and  Charac- 
ters of  the  Stars. 

Mag- 

ni- 

tude. 

Rig 

ht  Afcenf. 
in  time. 

Annual 
Variat. 
in  ditto. 

Right  Afcenf. 
in  degrees. 

See. 

Annual 
Variat. 
in  ditto. 

' Declination 
North  and 
South. 

Annual 
Variat, 
n ditto. 

1 

- 

<•  I 

Of!'  I 

//  1 

0 

/ >! 

/a. 

T O'er 

+ 

46 

feq.  a Cell 

« 

2 

71  54-61 

• « • 

42  ;S  39-15 

• • • 

• 

* • 

• 

47 

Perfei 

2 3 

2 

55  1207 

3-846 

43  48  I -04 

57-69 

40 

I 1 

N , 

48 

^ Arietis 

4 

3 

0 12*71 

3‘393 

45  3 10*59 

50*89 

18  58 

N 

49 

^ Arietis 

5 

3 

3 25'98 

3‘422. 

45  5*  29-77 

51*33 

20 

18 

N 

50 

^ Erldanl 

3 

3 

6 7*48 

2*904 

46  3 I 52-20 

43‘S<5 

9 

34 

S 

51 

Arietis 

7 

3- 

9 42*36 

3*433 

47  25  35*39 

51*49 

20 

25 

N 

C2 

a Perfei 

2 

3 

10  6‘8^ 

4*203 

47  31  42*77 

63*05 

49 

8 

■N 

S3 

‘t*  Arietis 

6 

3 

11  i6’37 

3'4^8 

47  49  5*4^ 

51*42 

20 

i 

N 

S4 

6^  Arietis 

/ 

3 

12  55-52 

3*430 

48  13  52-74 

51*45 

20 

5 

N 

55 

f Tauri 

5 

3 

19  54-65 

3-289 

49  57  39-73 

49*33 

12 

15 

N 

5^ 

s Eridani 

3 4 

3 

23  31*52 

2*883 

50  52  52-84 

43*24 

10 

9 

S 

57 

^ Perfei 

3 

3 

28  44  93 

4*203 

52  II  13*91 

63*05 

47 

8 

N 

S^ 

Yt  Lucida  Plei, 

3 

3 

35  37‘‘7 

3*53S 

53  54  ‘7-56 

53*03 

23 

29 

N 

■' 

59 

^ Perfei 

3 

3 

41  35-20 

3'734  : 

55  23  48-co 

56*01 

31 

17 

N 

60 

6 Perfei 

3 

3 

44  29*19 

3-977 

56  7 17-87 

59*66 

39  25 

N 

- 

61 

y Eridani 

2 3 

3 

48  42*25 

2'786 

57  10  33*77 

41*79 

14 

5 

S 

62 

A T auri 

5 

3 

52  53-46 

3-5 '5 

58  13  21*83 

52*72 

2 1 

32 

N 

63 

y T'diiri 

3 

4 

8 25*23 

3*3^7 

62  6 18*48 

50*80 

15 

8 

N 

64 

Tauri 

3 4 

4 

II  24*68 

3*432 

62  51  10*26 

51*48 

17 

4 

N 

65 

Tauri 

4 

4 

12  34*93 

3-431 

63  8 43-89 

51*46 

16 

58 

N 

66 

•A  Tauri 

5 

4 

13  27-66 

3*545 

63  54-93 

53*17 

2 1 

50 

N 

67 

)(P-  Tauri 

4 5 

4 

13  3^*13 

3-543 

63  22  47-02 

53*H 

2 1 

44 

N 

68 

B Tauri 

.3  4 

4 

16  56-98 

3*475 

64  14  14*76 

52*12 

18 

44 

N 

69 

-5^  Tauri 

5 

4 

17  9*30 

3-401 

64  17  19*53 

5 I *02 

15 

31 

N 

, 

‘ Tauri 

5 

4 

17  19-53 

3*399 

64  19  52*91 

50*99 

15 

25 

N 

7^ 

pracced.  a a 

• 

4 

22  12*56 

• • • 

65  33  8*40 

• • • 

• 

• • 

• 

72 

Aldebaran 

I 

24  27-29 

3*421 

66  6 49*38 

51*31 

16 

6 

N 

73 

! 9f  fequ.  a a 

• 

4 

26  43*44 

• • • ' 

66  40  51*60 

• • • 

• 

• • 

• 

74 

cr^  Tauri 

6 

4 

27  44-78 

3*406 

66  56  1 J *77 

51-09 

15 

24 

N 

75 

Eridani 

3 4 

4 

27  47*26 

2*329 

66  56  48*83 

34*94 

30 

59 

s 

( 

76 

<7-  Tauri 

6 

4 

27  50*67 

3*409 

66  57  40*87 

51*13 

15 

3» 

N 

1—  M 

/ / 

Eridani 

3 4 

4 

3>  43‘‘5 

2*61 5 

67  55  47-21 

39*23 

20 

4 

S 

78 

i Tauri 

4 

4 

51  9'3S 

3-56? 

72  47  20-75 

53’47 

2 1 

18 

N 

79 

(3  Eridani 

3 

4 

58  2*38 

2*948 

74  30  35*74 

44*2  2 

5 

21 

S 

80 

\ Eridani 

4 

4 59  34'73 

2*863 

74  53  40*95 

42*95 

9 

I 

s 

81 

prsec.  C4  Aurig. 

• 

5 

I 39-44 

• • • 

75  24  51-60 

• • • 

• 

• • 

• 

82 

Capella 

I 

5 

I 5616 

4-414 

7 5 29  2*40 

66*2 1 

45 

47 

N 

83 

feq.  a Aurig. 

• 

5 

3 i4*-8 

75  48  34*20 

• • • 

• • 

• 

84 

prsec.  i3  Orio. 

« 

5 

.3  56-39 

• « • 

75  59  5-85 

• ♦ • 

« 

• • 

• 

85 

Riga 

I 

> 

4 55  S4 

2*867 

76  13  53*10 

43*0  1 

8 

27 

S 

86 

4f.  feq.  B Orionis 

• 

5 

8 24-57 

• • • 

77  6 8*55 

• • • 

• 

• • 

• 

87 

B Tauri 

2 

5 

13  39M8 

3'778 

78  24  50*70 

56*67 

28 

26 

N 

88 

y Orionis 

2 

5 

14  24*54 

3*209 

78  36  8*16 

48*13 

6 

9 

N 

89 

B Leporis 

3 4 

r 

) 

19  41*09 

2*565 

79  55 16-40 

38-47 

20 

S 

90 

^ Orionis 

2 

5 

21  47*38 

3*057 

80  26  53*69 

45*86 

0 

28 

S 
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No. 

of 

Stars. 

Names  and  Charac- 
ters of  the  Stars. 

Mag. 

ni- 

tude. 

Right  Afcenf. 
in  time. 

Annua 
Variat 
in  ditto 

1 

1 Right  Afcenfion 
in  degrees, 

. &c. 

Annua 
Vaiiat 
in  ditt 

Declination 
North  and 

0 South. 

Annual 
Vari;.t, 
in  ditto. 

1 

\ 

1 

I 

j 

h.  m.  J, 

1 '*'•  T'oV'C 

° 

" I 

I 0 ^ 

0 / // 

9* 

92 

93 

94 

95 

i 

1 

a Leporis  j 3 

i Tauri^  | 3 

E Orionis  j 2 

^ Orionis  j 2 

a Columbas  1 2 

1 

5 23  54*94 

5 25  42-4^ 

5 26  4*15 

5 30  40‘57 

5 32  25-03 

4* 

2-639 

3’575 

3*037 

1 3*020 

I 2*167 

80  58  44*13 

81  25  36*14 

81  31  2*19 

82  40  8*57 

83  6 15-45 

+ 

29-79 

53-62 

45-5; 

47-30 

32-50 

17  59  s 

210  N 

I 20  8 

24  s 

34  II  S 

96 

97 

98 

■ 99 
100 

7 Leporis 

X Orionis 

prtec.  oiOrio. 

1 cf.  Orionis 

feq.  a Orionis 

1 

1 3 4 

4 

• 

I 

• 

5 3^^  9*02 

5 38  16-28 

5 41  27*74 

5 44  20-57 

5 47  35*39 

2-517 

2-839 

• • • 

3*239 

84  2 15-34 

84  34  4-21 

85  21  56-10 

86  5 8*55 

86  58  23*85 

37*75 

4-*59 

• • • 
48-59 

• • • 

22  31  s 

9 47  S 

' • • • 

721  N 

• t • 

101 

102 

103 

104 

103 

Aurigs 

Gemin.  (prop.) 
r,  Gcminorurn 
Geminoriim 
^ Canis  nriajoris 

1 

1 2 3 

i 4 5 
j 3 4 

3 

3 

j 5 44  51*68 
i 5 Sr  37*72 

6 2 48-29 

6 10  51-44 

6 12  39’o8 

4-398 

3-642 

3*623 

3*624 

2-^298 

86  12  55-22 

87  55)  25-77 

90  42  4-34 

92  42  51*64 

93  9 46*24 

j 65*97 

54*63 

54*34 

54*36 

34*47 

d4  55  N 

23  16  N 

22  33  N 

2236  N 

29  59  s 

1 

1 

106 

107 

108 

IC9 

I JO 

i3  Canis  majoris 

V Geminorum 
y Geminoriim 

6 Geminoriim 
prase,  a Can.  maj. 

2 3 

4 

2 3 

3 

1 • 

6 13  53-76 

6 17  5-48 

6 26  9*35 

6 3'  37'34 

6 29  41-80 

2- 638 

3- 562 
3*463 

3*695 

• • • 

~ 

93  28  26-33 

94  16  22*22 

96  32  20*32 

97  54  20-05 
97  25  27-00 

39-57 

53-43 

71-95 

77-42 

* • « 

17  52  s 

20  20  N 

16  34  N 

2519  N 

• • • 

' 

1 1 1 

I 12 

114 

Sirius 

feq.aCan.  maj. 
e Canis  majoris 
^ Geminoriim 
Canis  majoris 

I 

• 

2 3 

3 4 

2 3 

6 36  19*91 

6 41  26-68 

6 50  46-21 

6 52  14-55 

7 0 15*39 

2-647 

• • • 

2*354 

3*567 

2*436 

99  4 53*65 
100  21  40*20 

102  41  33*20 

103  3 3^*24 

105  3 53*85 

3971 

• • • 

35’3i 

53*47 

3654 

1626  S 

2843  8 

20  51  N 
26  5 8 

1 16 

117 

118 

119 

120 

^ Geminorum 
Canis  minoris 
praec.  « Gemln. 
Callor  1 

^ feq.  a.  Gemin. 

3 

3 

• 

I 2 

• 

7 8 10*06 

7 1 6 18-01 

7 16  13-66 

7 21  48-81 

7 27  4*84 

3*594 

3-261 

. . . ! 

3-855 1 

• * • 1 

107  2 30-94 

109  4 30*21 

109  3 24*90 

I lo  27  12-15 
III  46  1 2 -60 

52-91 

48-92 

• • • 

77-83 

• « • 

22  20  N 

B 41  N 

a 

* * w * 

32  19  N 

• • • 

121 

122 

123 

1 24 
123 

y Geminorum 
^ prase. aCan, min. 
Procyon 

■X-  feq.  aCan.  min. 
Pollux 

4 5 

# 

I 2 

• 

2 

7 23  34*54 

7 26  40-27 

7 28  49*.fo 

7 00  27*12  , 

7 33  3-i8 

3*713 

• • • 

3*^37 

3-687 

no  53  38-04 

1 1 r 40  4-05 

112  12  16*50 

J 12  36  46*80 

113  15  47*70 

5572 

* * * 1 

47*o6  I 

• * * 1 

55*31 

2721  N 

• • • 

5 44  N 

28  30  N 

126 

127 

128 

129 

130 

■X  feq.  jS  Gemin. 
yd  Caneri 

4^*  Caneri 
^ Caneri 
^ Caneri 

• 

5 

4 

3 4 

5 6 

7 35  28*78 

7 55  57*64 

7 5^  23*25 

8 5 39*37 

8 20  10-35 

• • • 

3*545 

3*639 

3*266 

3*441 

1 13  52  1 1*70 

118  59  24-55 

119  35  48*73 
121  24  50*61 

125  2 35-31 

• • • 

53*18 

54’58 

48-99 

51-61 

* • • 

229  N 

26  7 N 

9 48  N 

18  46  N 

f 

i 

‘ \ 

132 

^33 

134 

133 

Y)  Caneri 
^ Hydras 

7 Caneri 

0 Caneri 
£ Hydras 

6 7 

4 

4 

4 

4 

8 21  7-79 

8 27  3 -04 

8 31  41-86 

8 33  i8-ii 

8 36  10-14 

3*491 

3*189  1 

3*499  1 
3-428 

3*199 

125  16  56*87 
iz6  45  45-53  ; 

127  55  27-83  1 

128  19  31-70  1 

129  2 32-03  1 

52*36 

4783 

52*49 

51*42 

47-98 

216  N 

623  N 

2210  N 

18  53  N 

7 8 N 

'i 

1 

i 

j 

K 
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Names  and  Charac- 
ters of  the  Scars. 


Mag-  ' 
ni- 
tude. 

Right  Afcenf. 
in  time. 

1 

h - 711*  -t  • 0 o' 

Hvdrc 


4 5 


Annual 
V ariat. 
in  ditto. 


I T c t5'S’ 


8 44  48*86 


+ 

3*187 


Right  Al'ccnfion 
in  degrees, 

& C- 


/ // 


I 

itJo 


Cancri 

Cancri 

X Cancri 

Cancri 

4 5 

3 4 

4 5 

5 

8 L4  59*39 

8 47  31*82 

8 56  54*33 

8 58  30*37 

3*290 

3*292 

3*263 

3*472 

8 HydrtE 

4 

9 3 54*80 

3*120 

X 1 ..con  is 

4 

9 5^-32 

3*524 

Alphard 

9 n 44*97 

2*935 

feq.  « Hydras 

• 

9 23  9*^9 

• • • 

1 Leonis 

4 

921  9*26  I 

t 

_ — . r 

3*253 

0 Leonis 

4 

9 30  27*65 

3*224 

£ Leonis 

3 

9 34  28*29 

3 434 

p.  Leonis 

3 

941  2 1 84 

3*457 

V Leonis 

4 

9 47  26*92 

3*243 

TT  Leonis 

4 

9 49  37*99 

3-183 

59  Leonis 

3 4 

9 52  24*60 

3*289 

Reg  ulus 

I 

9 57  42-02 

3204 

feq.  w Leonis 

• 

10  4 28*58 

^ Leonis 

7^  Leonis 

3 

10  5 32*34 

3-361 

2 3 

10  8 55*22 

3*306 

p.  Urfe  majoris 

3 

10  lo  21*35 

3'635 

p Leonis 
^ Urfe  majoris 

4 

10  22  15*77 

3*170 

2 

>0  49  39*53 

3*709 

a.  Crateris 

4 

10  50  4*55 

2*943 

CO  Urfte  majoris 

I 2 

TO  51  15*84 

3 847 

(3  Crateris 

3 4 

II  I 50*06 

2*933 

^ Leonis 

23 

II  3 26*39 

3*^99 

-8  Leonis 

3 

II  >3  44*23 

3*165 

A Crateris 

5 6 

II  13  28* 15 

2*08 1 

i Leonis 

4 

II  13  28*32 

3-125 

T Leonis 

4 

II  I"  39*49 

3 085 

1 V Leonis 

4 

II  26  42*82 

3*069 

V Virginis 

5 

11  35  34*11 

3*087 

* prase.  0 Leonis 

• 

II  38  19*46 

« • • 

Denebola 

i 2 

II  38  50*49 

i 

3*062 

131 

131 


I 2 

!4 

C2 


131 
134 

134  27 


7 ^7 


1 2 • 84 
50'8  I 
5'/-26 
34-92 

35H8 


135 

138 

!39 

140 

140 


58 

14 

26 

47 

17 


42*03 

34'77 

14--55 

17-85 

i8*97 


142  36  54*82 

I-43  37  4*3  1 

145  20  27*54 

146  51  43*'^ 

147  24  29*89 


9*04 

;o*;o 


149  6 

149  25 
151  7 8-70 

151  23  5-16 

172  33  48-23 


152  35  23-32 
155  33  56 ’49 
162  24  54*93 
162  33  8*25 

162  48  57*61 


16: 


165  51 
165  56 
168  22 
168  22 


27  30*97 
35*9 


169  24  52-c 

171  40  42-2i 

173  53  5‘‘7' 

174  34  51*9 
174  42  37'3 


/3  Vrrginis 
y Uvfae  major  is 
a Corvi 
s Corvi 

^ Urfae  majoris 


y Corvi 
Virginis 
^ Corvi 
X Draconis 
ryd  Virginis 


Annual 

Declination  d 

Annua-1 

V ariat. 

North  and 

7ariat. 

in  ditto. 

! ^ * 

South. 

i 

11  ditto. 

i //  I 

0 / // 

j 1 00 

+ 

47-81 

6 42 

N 

49' 3 5 

I 2 24 

N 

49-33 

12  37 

N ' 

48-95 

1 1 28 

N 

52*08 

22  51 

^ 1 

46-80 

3 12) 

N 

52*86 

27  2 

N ’ 

44-03 

7 48 

S 

• • • 

4880 

• 9 ■* 

12  1 1 

N 

48*36 

10  48 

N 

5 c *5  l 

24  41 

N 

5 1*85 

26  57 

N 

48*65 

13  24 

N 

47'75 

9 0 

N 

49*33 

17  44 

N 

48*06 

12  56 

N 

» • • 

50*42 

24  25 

N 

49-60 

20  51 

N 

54'52 

42  30 

N 

47*55 

10  20 

N 

55-63 

57  27 

N 

44*14 

17  14 

s 

57*70 

62  50 
/ 

N 

44*02 

31  44 

S 

47-98 

21  37 

N 

) 47*4^ 

16  31 

N 

4472' 

17  17 

S 

4687 

II  38 

N 

46*28 

3 57 

N 

7 46  ’04 

0 17 

N 

D 46*31 

7 39 

N 

D . . • 

♦ * 

• 

5 45’93 

15  41 

N 

0 46-83 

2 54 

N 

3 48*18 

54  4^ 

N 

0 45'93 

23  37 

15 

7 ' 46*00 

2 1 30 

s 

2 45*32 

58  9 

8 46*16 

16  26 

S 

3 ■'46*01 

0 27 

N 

)2  , 46*86 

22  17 

S 

2 39*91 

72>  53 

N 

/2  46*03 
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1 3 

i 

i 

1 

‘ No. 
of 
Stars 

Names  and  Charadfer 
of  the  Stars. 

, Mag. 
ni- 
tude. 

Right  Afceiif. 
ill  time. 

Annua 
Variat. 
in  dittc 

1 

Right  Afcenf. 
in  degrees. 

. &:c. 

1 

Annua 
Variat 
in  ditto 

I Declination 
Nortli  and 
South. 

j Animal 
j Va;;iat 
|in  ditto.’ 

h.  m.  s.  - 

1 ■ 

1^-  Tree 

0 / //  1 

r T’s; 

''  1 

5 TO  cT 

0 

/ 

• 1 

j 

4- 

• 

i 

181 

e Ur'tE  major  IS 

2 3 

12  45’  12-58 

1 2-746 

191  iS  8*67 

41-19 

5 7 

3 

N 

i 

182 

n 

^ ^^lro•inis 

■r  r • ^ • • 

3 

12  45  33-66 

3-047 

1 91  23  24-93 

4r7J 

4 

29 

N 

. 1 

183 

£ Virginis 

3 

'2  52  13*33 

3-004 

193  3 20*01 

45-06 

.1 2 

2 

N 

I 

184 

•8  Virginis 

0 

3 4 

12  5 9 36-46 

3-095 

194  54  6-97 

46-42 

4 

28 

S 

t 

1 

185 

L-- 

y iolyarto 

3 

13  8 4-31 

j — 

0 *'7  7 r- 

197  I 4*64 

4S-3S 

2 2 

1 

/ 

S 

1 

s 

\ 

1 86 

7f  prtec.  a Virg. 

13  9 13-00 

1 * • 

197  18  15-00 

• • • 

• 

• 

• 

\ ! 

1 

187 

Spica 

I 

13  14  40-Ir 

I 3-'37 

198  .40  1*66 

47*o6 

1 0 

7 

8 

( 

\ 

1 88 

^ Uiixmajoris 

3 

13  15  49-62 

! 2-425 

198  57  24-26 

36*37 

55 

39 

N 

\ 

,189 

i \ irginis 

y TT  7-  . . 

4 

13  16  10*79 

3-129 

199  2 41*83 

46*93 

1 1 

40 

S 

! 190 

9-  Virgin  IS 

13  24  30-65 

1 

3-064 

201  7 39*68 

45-96 

0 

26 

N 

191 

T Bootis 

4 

'3  37  4^-36 

2-884 

204  26  35-35 

43-26 

18 

27 

N 

! 

192 

>5  Urfae  majoris 

2 3 

'3  39  38’«5 

2-355 

204  54  42*80 

35*^8 

50 

19 

N 

193 

17  Bootis 

3 

13  45  9' 2 1 

2*860 

2C6  17  l8*f2 

42-90 

'9 

25 

N 

i 1 

194 

a Draconis 

2 3 

13  58  5S-88 

i -628 

^09  44  43-24 

24-42 

65 

20 

N 

1 4 

, 1 

1 

'95 

x Virginis 

4 

14  2 14-87 

3-179 

210  33  43-04 

47*68 

9 

20 

S 

i 

196 

Ar6^;urus 

r 

14  6 32-21 

2*722 

211  38  3-16 

40-83 

20 

15 

N 

'97 

4eq.  a Bootis 

• 

14  6 36-46 

• • • 

211  39  6-90 

• • • 

• 

• 

19S 

A Virginis 

4 

14  8 19-14 

a a 

212  4 47*16 

4^*35 

12 

27 

S 

199 

y Bootis 

3 

14  24  1-50 

2*428 

216  0 22*54 

36-42 

39 

1 1 

N 

200 

^ Bootis 

3 

'4  31  35*Sb 

2-854 

2'7  53  53-42 

42-81 

14  36 

N 

201 

6 Bootis 

3 

14  36  14-99 

2*612 

219  3 44-80 

39*33 

27  56 

N 

202 

jw.  Libras 

5 1 

14  38  22-95 

3*268 

219  35  44-22 

49*02 

13 

18 

S 

203 

Libras 

b i 
1 

'4  39  38-74 

3-299 

219  54  41-10 

49*49 

15 

9 

S 

204 

■X-  praec.  cd  =2^ 

1 

• 

H 39  3^*/? 

• « • 

219  54  41-55 

• • • 

• 

• 

. 1 

203 

L-ibras 

2 3 

'4  39  49'97 

3-289 

219  57  29-55 

49-34 

'5 

1 2 

8 

1 

206 

^ Urlas  minoris 

3 1 

14  51  27-55 

-0-3-9 

222  51  53-19 

-4'94 

74 

59 

N| 

207 

0 

7 ocorpii 

0 * 

1 

14  52  24-35 

3-482 

223  6 5*22 

52-23 

24 

29 

208 

(?  Bootis 

3 : 

14  54  24-99 

2*262 

223  36  14-85 

33-93 

41 

J 1 

N 1 

i 

y 

\ 

j 

209  ■ 

4^  Bootis 

5 f 

14  55  52-50 

2-5801225  5,8  7-57 

3«*70 

27 

44 

N 

210  j 

i 

B Ll.br to 

2 3 i 

1 

15  6 1 5*6 1 

3-215  j 

226  33  54.-21 

48-22 

8 

3« 

S 

1 

i 

2 1 1 j 

^ Bootis 

3 ' 

15  7 26-62  j 

2*409 

22651  39-2  8 

36-13 

34 

4 

N 

1 

! 

212  j 

0 Goron.  bor. 

6 1 

1 

15  II  51-97 

2-487 

-27  57  >9'55 

37-30 

30 

2 1 

N 

j 

2 12  1 
' ^ 1 

17  CoTon.  bor. 

r*  i 

> 1 

15  14  56-05 

2*465 

228  44  0*78 

36*97 

3 1 

I 

N 

( 

t 

214  j 

(3  Goron.  bor. 

! 

0 19  34-88 

2-483 

229  53  43-'S 

37-24 

20  48 

N 

I 

i 

^'5  i 

7 L'rlas  minons  j 

2 3 ! 

1 

1521  I 1-76  - 

-0-209  |‘ 

po  17  56-39 

-3-14 

72 

33 

N 

1 

. 1 
2 16  j 

pLibrte  I 

w 1 

3 4 1 

15  21  38-42 

3-365  • 

130  24  36-26 

50-48 

16 

10 

8 

1 

pi?  ! 

y Librte  1 

4 ! 

15  24  2 1*22 

^5*528  2 

531  5 i8-?4 

49-92 

14 

7 

8 

1 2 1 8 

0 berpcntis 

3 ! 

15  25  15-84 

2-861  2 

.31  18  57-61 

42 ’9 1 

1 I 

'3 

N 

2 10 
y 

Gemma 

2 i 

15  26  13-29 

2*543  ; 

■31  33  59-35 

'*8-1 

2°  1 :> 

27 

2A 

N 1 

: 220 

K Librae 

+ 1 

^ i 

15  30  27-12  ! 

3-433  ^ 

*32  36  46-77 

5 ' -49 

'9 

I 

i 

22  1 

« Serpentis 

1 

2 

15  34  25-21 

2-936  2 

.23  36  1 8*00  j 

44-04 

7 

4 

N i 

1 

1 

1 

t ^ 

•9f- feq.  a.  Serpentis 

♦ 

'5  36  23-53 

...  2 

•34  5 53’05 

• • • ^ 

• 

• 

« 

1 

2 2^ 

(3  -Serpentis 

3 

'5  S'!  57-70 

2-756  2 

J4  '4  2 5 ’47 

41-H 

j6 

4 

N 

2 

24 

M.  oerpentis 

4 

15  39  10-30 

3-023  2 

34  47  34*5  5 

4S*35 

2 48 

8 

1 

225 

£ oerpentis 

3 4 

1 5 40  50-97 

2-969  2 

35  '2  44*51 

rr-1 

44*5.4  ! 

, 5 

6 

N 

f II 

. 
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S Names  ami  Charac- 

; „ ters  of  the  Stars, 

i btars. 


Mag- 

ni- 

tude. 


Right  Afcenf, 
in  time. 


Annual  | Right  Afcenfion  Annual 


Variat.  i n\  degrees, 
iin  ditto. 


t 


e.  ’ ' r 

loo  \ '*  • Ttj'O  5 


’226 

'J  M 

.i28 

229 

230 


1231 

‘ 2 ;2 
i a 

■233 

234. 

235 

1.236 

'237 

238 

239 

240 


241 

242 

?43 

244 

245 


247 


— ■ ■ ' ' ' ' 1 

1 

1 

^ Coron.bor.  ! 

4 u 

I — 1 

4 1 I f 

^ Scorpii 

3 4 

TT  Scorpii 

3 

4 Librts 

1 

4 I. 

i y Scrpentls 

3 

^ Scorpii 

3 ^ 

£ Coron,  bor. 

4 5 ' 

-tt  Serpentis 

4 I 

^ Scorpii 

2 I 

S Draconis 

3 4 ^ 

V Scorpii 

4 I 

^ Ophiiichi 

3 ^ 

£ Opbiuchi 

3 4 I 

y Hercuiis 

3 ^ 

Antares 

I I 

^ a Scorpii 

. i 

(p  Opbiuchi 

4 5 

Yi  Draconis 

3 4 

^ Hercuiis 

3 

T Scorpii 

4 

Opbiuchi 

2 3 

Hercuiis 

3 4 

7)  Hercuiis 

3 4 

s Hercuiis 

3 

»)  Opbiuchi 

2 3 

1 4^  prsec.  06  Here. 

• 

5 & Hercuiis 

2 3 

|.  ^ Hercuiis 

3 4 

5 Opbiuchi 

1 ^ 

5 X Scorpii 

3 

7 -X- pi  sec.  CO  Opbi. 

8 CO  Opbiuchi 

2 

9 feq.  cc  Opbi. 

• 

0 |3  Draconis 

3 

1 /3  Opbiuchi 

3 

2 y Opbiuchi 

3 

^ Serpentis 

3 4 

4 0 Opbiuchi 

4 

>5  j y Draconis 

2 3 

)6  y Sagittarii 

3 4 

>7  5 Taur.  Poniat. 

• 

58  fo*  Sagittarii 

4 

59  (60^  Sagittarii 

4 6 

70  £ Sagittarii 

2 3 

41 

±i 


12*43 

44‘86 


15.47  0-91 


47 

48 

49 
53 
53 


12*93  I 

31*89 

18*54 

41*18 

49*71 


4- 

2*5 

3*457 

3*671 

3*6oo 

3*339 

2*740 
3*  CS  I 
2-483 
2*576 

3*465 


I o <? 


Vanat. 
in  ditto. 


235  iS  6*71 

235  2.5  12*93 

236  8 20*06 

236  41  36*48 
236  45  13*63 


ff  .^-4  - 

O 


Peclination 
Noith  and 
South. 


n 


jS  8*28 
o 23*31 
3 52*80 


5'83  ; 


1*142 

3*465 

3*132 

3*154 

2*642 


236  48  13*98 

237  7 58*38 

237  19  38*04 

238  25  17*72 
238  27  25*65 


-8 

37*73 

5 1 *86 

55*06 

54*00 

50*09 


9-69 

6*66 

43*03 

j8*33 

sys? 


• • • 

r+18 

0*785 

2*579 


239  32  4*27 

240  5 49-60 

240  58  11*95 

241  56  16*31 
243  16  27*41 


16  33  45*64 
16  36  3*1-^ 

16  52  3 


8*68 


16  58  55*»5 

17  5 12*70 

17  5 3^*76 
17  6 49*41 

17  9 44*25 


3*709 

3*287 

2*292 

2*0.'j6 

2*202 


244  17  25*35 
244  46  39*90 

244  55  45*42 

245  19  34*92 

245  24  28*08 


41*10 

52*82 

37*24 

38*64 

51*97 


26  42 
19  33 
2«  37 
25  31 

13  41 


17*13 

51*96 

46*98 

47*30 

39*63 


16  21 
22  2 

27  28 
'23  21 
19  15 


59  6 

18  56 

3 

4 

'9  38 


54-68 
• • • 

51*27 

11*78 

38*68 


I 7 *^^0 


2*64 
17  24  45*90 
17  25  38-97 
17  29  11*02 

17  25  55*99 


3*424 

• • • 

2*726 

2*459 

3*669 


17  33  35*77 
17  37  52*04 
* 7 49  54*59 
17  50  37*47 
17  51  57*79 


4*057 

• • « 

2*768 

• • • 

1*348 


245  S'J  44*36 

246  32  23*2  , 

248  26  24*67 

249  o 47*15 

253  9 40*16 

^ _ 

254  43  47*26 
256  18  10*50 
256  22  56*40 

256  42  21*17 

257  26  3*68 


55*64 

49*30 

34*38 

30*69 

34'38 


25  58 
• • 

16  to 
61  58 
21  56 


17 

18 
.8 
18 
18 


42  58*05 

0 41*10 

1 4^*37 
3 16*90 

10  53*67 


2*959 

3*003 

3*153 

2*999 

1*389 


260  o 39*58 

261  II  28*50 

261  24  44*55 

262  17  45*32 
261  28  59*82 


51-36 

40*89 

36*88 

5 5*04 


27  47 
10  9 
32  I 

39  19 
31  16 


3*851 

2'993 

3*584 

3*57^ 

3 9^4 


263  23  56*54 

264  28  0*56 

267  28  38*87 
267  39  2 1*99 
267  59  26*85 


60*85 

• • • 

41-52 
• • • 

20*22 


44*39 

45*05 

4'/*30 

44*99 

20*83 


15  28 
• • 
14  38 
25  5 
24  47 


36  57 

• • 

17  43 

• • 

52  27 


268  14  30*76 
270  10  16*50 
270  27  5*63 

270  49  13*57 
272  43  25*11 


57*77 

44*90 

53*/6 

53*62 

59*76 


4 40 

2 48 

3 40 

2 57 

51  31 

30  25 

3 '9 
2 1 6 

20  46 
34 


N 

S 

S 

s 

s 


Annual 
Variat. 
in  ditto 


N 

S 

N 

N 

S 


N 

S 

s 

s 

N 


s 

s 

N 

N 


S 

S 

N 

N 

N 


S 

N 

N 

S 


S 

N 

N 


N 

N 

S 

N 

N 


S 

N 

S 

s 
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•No. 

of 

Stais. 

I 

N^mes  and  Charac- 
ters of  the  Scars. 

N/!ag- 

ni- 

tude. 

Right  Alcenf. 
in  time. 

Annual 
\qtri-5t. 
in  ditto 

Right  Afcenf.  2 
in  degrees,  ^ 

Annual 
/anat. 
n ditto. 

Declination 
North  and 
South. 

Annual 
Variat. 
in  ditto. 

h.  m.  s. 

c 1 

1 0 C? 

0 / //  I 

1 cao 

1 (3  0 

0 / // 

1 

27  1 

272 

273 

274 

273 

^ Sagittarli 
!|c  prase,  Lyras 

Vd  ega 

feq.  cx.  Lyras 

4 Sagittarii 

4 

• 

I 

• 

3 ^ 

t8  17  3'7*66 

18  28  40*12 

18  30  9*8 9 

18  31  4p*oo 
33  9*39 

3-705 . 

« • • 

1-994 . 

• • • - 

3*747 

_ 

^73  54  24'9*^ 
177  10  i*B8 

07  32  28-35 
’■77  >4  50  00 
17  20*84- 

+ 

55*57 

• • 

29*91 

• • 

56*2  I 

25  31  S 

38  36  N 

• • • 

2711  S 

✓ 

276 

277 

278 

279 

280 

E I . yras 
'd  Sagittarii 

Lyr^ 

a-  Sagittarii 
Sagittarii 

S 

4 5 

0 

3 

4 5 

w 

3 4 

4 

3 

i 

T 

4 

t 4 

3 

3 4 

4 

4 0 

3 

4 

3 

3 

4 6 

3 4 

4 

4 

6 

• 

3 

» 

3 

• 

18  37  4^*87 
18  42  5-41 

18  42  41*86 
18  42  51*40 
18  43  1-13 

1*985 
3*62  5 
2*2  11 

r'724 

3*623 

279  43'03 

280  31  2 1*22  I 
280  40  27*89  , 
280  42  50-99  1 

280  45  i5'99  I 

1 

29'74 

54- 38 
33-16 

55- 86 

54-35 

39  28  N 

22  59  S 

33  9 N 

26  32  s 

22  54  S 

y 

1’ 

281 

282 

285 
284 
28) 

286 

287 
2^6 

289 

290 

291 

292 

293 

294 
29; 

296 

297 

298 

299 

300 

Serpentis 

^ I-yrse 

0 Di  aconis 

7 I.yras 

0 Sagittarii 

T Sagitt.vii 

A Antinoi 
^ Aquilas 

TT  Sagittarii 

V Sayri^'tarii 

Sagi'iarii 
^ Lrnconis 

K Cygni 
^ Aquilas 
(3  Cygni 

; Cygni  _ 

4 Antinoi 
$ Cygni 
a,  Sagittae 
f Sagittarii 

Q < 16*82 
18  46  0 

^ 18*32 

18  47  31*16 

j8  48  I 4*  Is 

18  51  27*0.1 

18  ■)  2 41*18 

2*977 

2*095 
o*8i  o i 
2 241 

3*59S 

0 12*35 

281  34  yC 

54->’4 

281  52  47-43 

282  3 32-20 

282  51  45-55 

283  lO  17-72 

44*66 

3 ‘*42 
13  21 
33'6i 

53-92 

3 57  N 

36  39  N 

59  9 N 

32  26  N 

22  I S 

18  i 26*4^ 
18  ^5  j8*io 

8 ,6  12*69 

18  S~i  5'’37 

19  3 15-27 

3*758 

3-186 

2755 

3 574 
3*68s 

285  36  36-82 

26’3  54  3''55 

284  3 10-37 

2B4  27  50*57 

285  48  49  04 

5^*37 

47*79 

41*33 

53*61 

55-27 

1 27  57  S 

5 10  s 

13  35  N 

2 120  S 

25  35  s 

1 

i 

t 

1 

1 

i 

i 

i 

19  5 5,  *36 

4 9 -12  27*95 
19  12  28*  b 
nj  15  24*12 
19  2 2 3'>5  3 

3*s  17 
0*033 
i*.)85 

3 *008 
2*41 5 

286  28  5*7*90 
:83  6 •)9*2i 
88  7 4-19 

288  51  179 

290  39  37*97 

c2*76 

049 

20-73 

45*12 

30*13 

1918  s 

6719  N 

52  58  N 

2 44  N 

27  33  N 

f 

1 

19  24  39*6i 
19  26  22*16 
19  31  5*16 

19  31  9*25 

19  34  4‘*-13 

1*511 
- * 1 06 
1*64^ 
2*678 
3*520 

.91  9 54*19 

-91  35  3^*3*7 
292  46  17*40 

292  47  18*74 

293  50  21*39 

22*67 

46*59 

24*68 

40*17 

52*80 

5119  N 

i 43  s 

49  46  N 

1 7 34  N 

2014  s 

301 

302 

303 

304 

305 

4c  prase.  7 Aqniiae 
7 Aquilas 

feq.  7 Aquilas 
^ Cygni 

j prase,  a.  Aquilas 

19  35  12-50 
19  36  44-50 
19  39  o*8i 
19  38  43*09 
19  38  35*8 

• • • 

2*837 

1-869 

• • • 

293  48  7*50 

294  II  7*50 

294  45  12*  I 6 

294  40  46*34 
,294  38  8-05 

• • • 

42-59 

• • • 

28*02 

! • « • 

• • • 

108  L 

• • 

44  39 

« t • 

i 

3c6 

307 

308 

3^9 

310 

Atair 

4f  feq.  a,  Aquilas 
n Antinoi 
b Sagittarii 
^ Aquilas 

I 2 

• 

3 4 

4 5 

3 4 

19  .d  I 1*02 

19  42  52  37 
19  42  17*14 
19  44  39*56 
19  45  28*97 

2*918 

• • • 

3*058 

3*699 

2*939 

295  15  15*30 

295  43  5*55 

295  34  17  oS 

^96  9 53*46 

296  22  I4-55 

43*78 

• • • 

45-^7 

55-48 

44*08 

8 21  N 

• ♦ • 

0 30  N 

2741  S 

5 55  N 

i 

> 

f 

t 

3‘i 

312 

313 

3‘4 

315 

1 

4 Aquilx 
cc^  Caprlcorni 

4f  prase,  Capri. 

Capricorn! 
feq.  Capri. 

3 

3 4 

• 

3 

• 

20  0 58*52 

20  6 32*70 

20  5 17*48 

20  6 56*48 

20  9 33*32 

3*^97 

3*330 

• • • 

1 3M3I 

• • • 

300  14  37*7 s 

301  38  11*88 

301  19  22*20 
301  44  7*20 

[302  23  19*80 

46-45 

49-95 

49-96 

• • • 

I 24  s 

'3  7 S 

• • • 

139  s 

• t • 

1 

i 
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No. 

of 

Stars. 

Names  atid  Charac- 
ters of  the  Stars. 

Mag- 

ni- 

tude. 

Rig 

ht  Afcenf. 
in  time. 

Annual 
Variat. 
in  ditto,  j 

Right  Afcenf. 
in  degrees, 

&C,  J 

Annual 
Variat. 
in  ditto. 

• Declination 
North  and 

South. 

1 

1 Annual 
Variat.  ■ 
in  ditto,. 

. 

. 

/7. 

?n. 

t4o 

r r 

J • Yt5 -i??- 

0 • n 1 

I u"o 

//  r 

T^o- 

0 

/ V 

1 

^16 

K/ 

\ 

^ ‘Capricorni  ' 

• 

20 

9 

3^*35 

4- 

2-380 

302  22  50*19 

50*70 

I c* 

24 

S 

J 

317 

V Capricorni  j 

6 

20 

9 

33-69 

'I  • 0 -0 

3 / 

302  23  25*39 

50*06 

I ^ 

•a 

23 

S 

318 

d Capricorni 

3 

20 

Q 

45*50 

3*3«o 

302  2'6  22*54 

50’'7o 

-5 

24 

vS 

1 

319 

7 Cygni  '■ 

3 

20 

IS 

2*63 

2 • J48 

303  45  39*39 

3 2*2  2 

59 

D 

320 

^ Capricorni 

6 

20 

17 

26'45 

3 *438 

302j.  2 I 36*72 

5^*57 

18 

28 

S 

321 

^ Delphini 

4 5 

20 

A) 

57*50 

2-8o  i 

30-6  29  2 2*44 

42*01 

14 

0 

N- 

322 

d Delphini 

3' 

20 

28 

10*32 

2*804 

307  2 34*74 

a.2’o6 

■3 

55 

N 

■ 

323 

Delphini 

3 

20 

3c 

20*76 

2*780 

307  37  11-37 

41*70 

^3 

N' 

324 

'Deneh. 

I 2 

20 

34 

36*68 

2*034' 

308  39  10*20 

1 30*51 

-44  34 

N 

325 

feq.  rz  Cygni 

• 

20 

40 

Q • r-  ^ 

310  7 8*25 

1 • * • 

6 

• 

• 

326 

£ Aquarii 

4 5 

20 

;o-38 

3*255 

309  12  35*72 

48-83 

10 

5 

327 

lin  ;4)ra;c.  y Delphini 

♦ 

20 

37 

2 1 *94 

• • • 

309  20  29*08 

• • t 

• 

c 

• 

328 

7 Delphini 

3 

20 

37 

22*96 

2-785 

309  20  44*34 

41*75 

15 

25 

N 

329 

£ Cygni 

3 

20 

38 

6*70 

2\393 

309  31  40-56 

.35*89 

33 

13 

N 

330 

(JL,  Aquarii 

4 5 

20 

41 

51*17 

3-233 

310  27  47  *6 1 

48-65 

9 

43 

S 

331 

A^quarii 

6 

20 

46 

4'59 

3-255 

3 1 1 31  8 80 

48*82 

10 

28 

s 

332 

& Capricorni 

20 

54 

59’75 

3-384 

313  39  56-25 

50-76 

18 

I 

s 

333 

V Aquarii 

5 ] 

20 

58 

41*24 

3*274 

314  40  18*64 

49-11 

12 

10 

s 

334 

a Dquulei 

4 

2 I 

5 

48-78 

2*997 

316  27  1 1*73 

44*96 

4 

26 

N 

333 

i Capricorni 

5 

2 I 

t 

1 1 

5-67 

3*355 

317  46  25*00 

50*33 

^7 

41 

s 

1 

336 

|S  Equulei 

6 

2 I 

1*2 

57*71 

2*98 1 ' 

318  14  25*62 

44  72 

5 

58 

N 

i 

337 

Aquarii 

6 

2 1 

C3 

1477  ■ 

3*286 

318  18  41* ^'3 

49*29 

13 

44 

S 

338 

a Cephei 

3 

2 I 

13  46*85 

1*427 

318  26  42*69 

2 1 *40 

61 

45 

N 

1 

339 

|3  Aquarii 

3 

2 I 

21 

I *1 2 

3*165 

320  15  16-74' 

47*4« 

6 

27 

S 

34^ 

£ Capricorni 

A. 

k 

2 I 

25 

52*29 

3-379 

321  28  4*34 

50*68 

20 

2 I 

s 

1 

341 

d Cephei 

3 

2 I 

26 

I * 1 8 

0-821 

321  30  17*76 

12*32 

69  41 

N 

342 

7 Capricorni 

3 4 

2 I 

28 

59*^4 

3*3-29 

322  14  47*15 

49*93 

17 

33 

S 

343 

K Capricorni 

5 

2 1 

3^ 

27-98 

3*360 

322  51  59-741 

50*40 

^9 

46 

s 

344 

E Pegfafi 

3 

2 r 

34 

21*53 

2*943 

323  35  22*99 

44*  1 5 

8 

58 

N 

345 

. 

B Cygni 

4 

2 t 

34 

59*63 



2'I  16 

l-o  44  SrsS 

31*74 

30 

17 

N 

346 

^ Capricorni 

3 

21 

35 

58-68 

3-310 

323  59  40*25 

49-65 

17 

I 

S 

' 

347 

prtEC.  a Aquarii 

• 

2 1 

5 5 

8*2  1 

328  47  3'I5 

• • « 

• 

• 

• 

348 

cf,  Aquarii 

S 

2 r 

55 

29-75 

3-067 

328  52  26-25 

46*00 

I 

17 

r*’ 

0 

349 

7 Aquarii 

3 

22 

j I 

1 8*89 

3-094 

532  49  43*39 

41*41 

2 

23 

S 

3)0 

TT  Aquarii 

4 5 

22 

15 

4*00 

3*065 

333  45  59*9^ 

45'97 

0 

0 *? 

N 

351 

Aquarii 

4 

2 2 

18 

31*68 

3*079 

.334  37  55*26 

46*18 

I 

2 

S 

■ 

352 

u Aquarii 

5 

2 2 

20 

2*99 

3*  1 86 

335  0 44-841 

4"/ *79 

1 1 

42 

s 

353 

Lacertar 

4 

22 

23 

7*6  i 

2*431 

335  46  J4-14' 

36*46 

49 

16 

N 

3 54 

V5  A^quarii 

4 

22 

25 

4*59 

3*079 

336  16  8*78 

46  • 1 Q 

i >' 

I 

9 

S 

355 

y.  Aquarii 

5 

22 

27 

23-3^ 

3*117 

336  50  50*67 

46*76 

5 

14 

s 

3 5^ 

t Pegall 

3 

22 

3^ 

29*06 

2*981 

' 33  7 52  15*89 

44*72 

9 48 

N 

357 

n Pegafi 

3 

22 

33 

37’87' 

3*792 

338  24  27*91 

41*88 

29 

1 1 

N 

338 

B A.quarii 

5 

2 2 

37 

4*70 

3'i97 

339  16  10*57- 

47*96 

^5 

7 

S 

359 

-B  Aquarii 

5 

22 

38 

59*29 

3*/9o 

339  44  49*41 

47-85 

14 

39 

s 

360 

A Aquarii 

4 

22 

42 

10*52 

3*137 

340  32  37-87 

47*05 

8 

38 

s 

1 

/ 
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Catalogue  of  the  prmcipal  Fixed  Stars  for  the  Beginning  of  the  7 ear 

i8oo. 

- ! 

Annual 

Pdo-ht  Afcenf. 

Annual 

reclination 

Annual 

of  1 

Names  and  Charac- 

i>ia^ 

ni  - 

Rig 

dit  Alcenl. 

Variat. 

in 

degi 

ees,  ' 

Variat. 

North  and 

Variat. 

.Stars. 

ters  of  the  Stars. 

tude. 

in  time. 

in  ditto. 

&c. 

in  ditto. 

South. 

in  ditto 



1 

. T 

0 

/ 

!f  1 

//  I 

0 / ff 

I 

/J.  VI.  s. 

TOO 

TOC 

; 

TOO 

1 

1 

4- 

• 

361 

t Cephei 

4 

22 

42 

n r'  • 0 

2 109 

340 

Q 

49 ’9  5 

3'  -6,1 

65  9 

N 

562, 

3'  Aquarii 

3 

22 

44 

1 *80 

3*201 

341 

0 

48  *02 

16  53 

s 

363 

■)(.  prsec. aPifc.au ft. 

• 

22 

40 

17*37 

• • » 

2J-0 

4 

20*25 

t • • 

• • 

• 

3^4 

Fomalhaut 

I 

2 2 

46 

3 3 *60 

3*330 

341 

38 

24*00 

49*95 

30  41 

s 

365 

feq.  apifc.  auft. 

• 

22 

43 

38*04 

. . . 

342 

9 

30*60 

» • • 

• 0 

• 

366. 

l3  Pegafi 

2 

22 

54 

5*50 

2-874 

343 

31 

22*47 

43*11 

27  0 

N 

3^7 

Markab 

0 

2 2 

54 

47*99 

2*964 

343 

41 

59'85 

4+-4C 

14  S 

N 

368 

feq. « Pegafi 

• 

22 

55 

,3r<^^4 

343 

53 

54*601 

• • • 

• * 

« 

369 

cp  Aquarii 

4 5 

23 

'7 

57*39 

3*109 

345 

59 

20*79 

46  * 64 

7 7 

S 

370 

4/*  Aquarii 

5 

^3 

5 

23*05 

3-125 

346 

20 

45*68 

46*88 

10  10 

s 

37  * 

y Pifcium 

5 

1 

23 

6 46*42 

3-057 

346  41 

3'5-37 

4';-8; 

2 12 

N 

3-7  - 

4^  Aquarii 

3 

23 

8 

32*63 

3*125 

347 

8 

9*48!  46*88 

10  42 

S 

373 

Pifcium 

6 

23 

26 

1 1 *40 

3*065 

351 

32 

50*90 

45*97 

I 0 

ISI 

374 

X Pifcium 

3 

1 23 

31 

5 1 ’OI 

3*066 

352 

5 / 

45*08 

45*99 

0 40 

N 

3-75 

Pifcium 

3 6 

! 23 

36 

10*88 

3*062 

354 

2 

43*18 

45-93 

2 23 

N 

37^ 

oj  Pifcium 

5 

1 j n 

1 ^ a 

49 

2*88 

3*o6i 

377 

15 

43-16 

45-92 

5 46 

N 

377 

prsec.  aAndrom. 

• 

I "3 

5 5 

45*47 

* • • 

35.^ 

2 2 *05 

• • • 

1 . 

1 

• 

378 

prase,  a Androm. 

• 

! '3 

5'^ 

15-28 

3 *060 

3 59 

3 

49*19 

45  * 90 

1 

3''9 

a.  Androtnedas 

2 

23 

5S 

4*3- 

3*065 

359 

31 

4*95 

45 '97 

27  59 

N 

380 

■)f  feq.  a Androm. 

• 

1 0 

I 

32*98 

* « • 

0 

23 

H-;7° 

i • • • 

1 

• • 

• 

381 

^ Cafliopeias 

1 

2 3 

f 

1 

^3 

58 

34*32 

3*051 

359 

38 

34*75 

1 

45-76 

58  3 

N 

Another  Catalogue  cf  162  Principal  9)r xks,  Jhewing  their  Mean  Declinations  to  Beginning 

of  the  1 ear  iSoo, 


No. 

Stars  Names. 

Mean  Declin. 
north. 

Annual  Va-  • 
riation.  j 

No. 

Stars  Names. 

Mean  Declin. 
north. 

Annual  Va- 
riation. 

1 

2 

3 

4 

5 

Polaris 

Polaris 

Yj  Urfas  majoris 
(z  Perfei 

1 V»'fae  majoris 

0 / // 

88  14  2; 
88  14  26 
50  19  4 

49  8 JO 

48  49  9 

// 

1 

1 + 19*57 

— 18*20 

■ + 13-59 

“ 13-21 

I I 

1 2 

13 

14 

ci  Lyra: 
u I.,yrte 
llei'culis 

Caftor 

Callor 

0 / If 

38  36  15 
38  36  10 
32  58  19 
32  18  54 
32  18  41 


If 

1+  2'59 
— 7-40 

1 - 6'95 

--  - 

6 

7 

8 

9 

1 ^o 

0 Perfei 

C a pell  a 
a Cvgni 

V 0 

u Cygni 
(3  Poet  is 

47  8 14 

45  46  5° 
4'r  34  2'^ 
44  34  ‘9 

,41  II  II 

4-  12-35 

+ 5*09 

j + 12*52 

--  14-54 

1 6 

f7" 

t8 

19 

20 

Pollux 
d 'J'auri 

/?  Tauri  1 

e Poolis 
a Andromedte 

28  29  47 
28  25  25 
28  25  30 

27  55  3^ 
27  59  15 

- 7 '4^ 

1 , 

t + 4-00. 

-15-59 

4-  20*2  5 

S T A 
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The  Mean  Declinations  of  162  principal  Stars  for  the  Beginning  of  the  Tear  1800. 


No. 

Stars  Names. 

Mean  Deciin. 
nortli. 

Annual  Va- 
riation. 

21 

22 

i 23 

24. 

0 ^ 

« Andromcdse 
Cygni 

Gemma 

Gemma 
(A  Leoms 

0 / // 

27  59  II 
27  32  51 
27  23  48 
27  23  49 
26  56  37 

n 

4-  20*25 

4-  ■7*04 

7-  I2'5° 

— 16*46 

26 

$ Pegafi 

26  59  58 

4-  19*21 

27 

E Gemitiorura 

25  iS  5? 

1 

^ 9 • ^7 

28 

E Geminorum 

25  1856 

72 

29 

(5'  Herculis 

2-5  5 4 

— 4*q6 

: 30 

£ Leon  is 

24  41  17 

— 1610 

i 

1 3^ 

^ Leonis 

24  24  27 

- ‘7'56 

? 32 

Ale  ion  e 

23  28  34 

+ 1 1*88 

’33 

iilcdtra 

23  28  27 

4~  12*04 

34 

Atlas 

23  25  54 

4-  11*74 

35  _ 

Propus 

23  13  40 

+ 0*7  5 

36 

T Pegafi 

22  38  51 

+ I9A7 

37 

Geminorum 

22  36  12 

— 0*89 

38 

ri  Geminorum 

22  32  59 

— 0*19 

39 

n Geminorum 

22  33  5 

— 0*19 

40 

C4  Arietis 

22  30  37 

+ IVS) 

41 

« Arietis 

22  30  40 

+ 17';5 

42 

^ Geminorum 

22  20  19 

- 5-83 

43 

7 Cancri 

22  10  43 

— 12*28 

44 

(A  Cancri 

2299 

- 9*67 

45 



iS  Plerculis 

21  56  2 

“ 8*38 

46 

(5'  Leonis 

21  37  I 

- 19*43 

47 

'i’auri 

21  032 

L 3*^5 

48 

7 Leonis 

20  i;o  34 

- 17*72 

49 

^ Geminorum 

20  5 1 0 

1 

■ - 4-48 

50 

* ^ Geminorum 

20  31  5 

51 

y Geminorum 

20  19  34 

~ I *44 

52 

Ardturus 

20  13  43 

— 19*10 

: 33 

Ardlurus 

20  13  43 

4:  — i9’io 

54 

7 tierculis 

19  37  52 

*“  9*05 

53 

^9  Bootis 

19  24  19 

— 18  *00 

56 

^ Cancri 

18  52  52 

— 12*40 

57 

e Pegali 

18  57  14 

+ 14*91 

58 

iS  Arietis 

18  49  30 

4-  18*03 

59  ' 

7 Arietis 

18  18  29 

4-  i8'09 

60 

3'  Sagittae 

18  3 15 

+ 7-73 

6 1 

»}  Leonis 

‘7  43  57 

— 17*18 

62 

a,  Sagittae 

17  33  48 

+ V73 

^3 

0*  Taiirl 

17  3 38 

4-  9‘i9; 

64 

$ Leonis 

16  31  13 

- ^9*43  i 

6.5 

7 Geminorum 

26  33  27 

— 2*22  1 

No. 

Stars  Names. 

66 

7 Geminorum 

67 

7 Serpentis 

68 

/3  Serpentis 

69 

Aldebaran 

70 

Aldtbaran 

|5  Leonis 

72 

/3  Leonis 

73 

7 Delphini 

74 

aDelphini 

IS' 

i 

y 1 auri 

76 

^ Bootis 

77 

oi  Herculis 

78 

« Pegafi 

79 

a Pegall 

80 

7 Pegafi 

81 

7 Pegafi 

82 

^ Delphini 

83 

{ Aquilae 

84 

Regulua 

8; 

Regulus 

86 

oc,  Canci  i 

87 

« Ophuichi 

88 

a Ophiuchi 

89 

e Viru'inis 

0 

go 

^ Serpentis 

91 

0 Leo  ms 

92 

£ Delphini 

93 

^ Leonis 

94 

7 Aquilae 

95 

7 Aquilae 

96 

£ Pegafi 

97 

(3  Can  is  minorls 

98 

a Aquilae 

99 

a Aquilae 

iOO 

a Orion  is 

10  { 

CA  Orionis 

102 

e Hvdrae 

103 

cx,  Serpentis 

104 

a Serpentis 

103 

^ Hydrae 

io6 

/S  Aquilae  ^ 

107 

jS  Aquilae 

1 08 

Procyon 

109 

^ Ophiuchi 

1 10 

0 Virgin  Is 

Mean  Dcclin, 
north. 

Annual  Va- 
riation. 

0 / // 

16  33  28 
16  19  40 
16  321 

16  5 43 

16  s 45 

d 

— 2*22 

— II*0I 

- 1^75 

1 + 8*i6 

15  41  30 

15  41  27 
13  24  40 
13  12  48 
15  8 I 

1 - '9'9f> 
4-  1 2*68 
H-  12*21 
+ 9*42 

'4  35  34 
H 37  38 
'4  7 49 
'4  7 57 

14  4 16 

- I5'85 

- 4‘75 

1 4-  19*22 
4-  20*04 

14  4 15 
13  54  31 
13  34  32 
12  56  23 
12  36  20 

4-  20*04 
4"  12*03 
+ 4‘83 

I - 17-24 

12  37  30 
12  q2  53 

i2  43  7 
12  2 1 1 
ii  12  36 

~ 13*18 

[-  3 05 

- '9-54 

- ■^•57 

lO  47  40 
10  37  50 
19  19  32 
1086 
10  810 

- i5‘94 
4-  II  73 

— 18*24 

}+  8-17 

8 S7  43 

8 40  51 

8 20  58 

8 20  48 
72127 

4-  i6‘io 
— 6*51 

}+  8-ii 

4-  1*42 

72127 

7 8 37 

7 3 5? 

7 3 50 

6 23  22 

4-  1*42 

— 12  60 

[ - 11-94 

- n-97 

5 55  4 

5 55  19 

5 44  II 

4 39  41 

4 29  13 

4-  8*86 
4-  8*86 

— 7*5  i 

— 2’35 

— 19*66 

/ 
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The  Mean  DecUnailons  of  i6z  Principal  Stars  for  the  Beginning  of  the  Tear  1 800. 


No 

1 Stars  Names. 

Mean  i^eclia. 
north. 

Annual  Va- 
riation. 

( No. 

1 

Stars  Names, 

Mean  Declin 
fouth. 

Annual  Va- 
riation. 

1 J I 

^ Serpentis 

Ci  t n 

3 57  12 

II 

+ 3'97 

156 

y Eridani 

0 / // 

H 5 3 

// 

— 10*90 

1 1 2 

cc  Ceti 

3 17  49 

] . 

157 

a Libras 

1512  0 

'] 

ot  Ceti 

3 18  0 

f + ^4*7^ 

.58 

a Librae 

1512  0 

I -r  15*40 

114 

Virginis 

2 53  35 

} - '9‘97 

159 

1 Corvi 

15  24  5 

4-  19*98 

/3  Virginis 

1 

2 53  3« 

1 160 

Capricorni 

15  24  10 

— 10*71  , 

1 16 

7 Ophiuchi 

2 47  42 

~ 1*97 

161 

y Canis  majoris 

, 15  21  6 

+ 4*69 

117 

^ Aquilte 

2 43  36 

A 6-44 

162 

ri  Ophiuchi 

15  27  58 

+ 5‘33 

118 

7 Ceti 

2 23  17 

+ i5'77 

163 

t Aquarii  , 

15  48  54 

- [7*14 

119 

a Pifcium 

1 47  40 

+ I7'73 

164 

7 Corvi 

16  25  47 

4”  20*04 

120 

j Vi  Antinol 

0 30  12 

4*  8-63 

163 

Sirius 

1 6 2.7  7 

+ 4‘43 

T2  I 

^ Orionis 

0 27  17 

- 3-38 

166 

Sirius 

16  27  5 

+ 4‘33 

12  2 

j { Virginis 

0 23  48 

- 1872 

167 

1 Aquarii 

16  52  j9 

- 18*85 

4 

123 

♦ 

! 

i Hydra; 

South  Decl. 
0 8 18 

— 13*86 

168 

^ Capricorni 

17  I 38 

■—  16*19 

124 

7 Virginis 

021  4 

*4  1 9’86 

169 

«.  Crateris 

17  14  II 

4'  19*1 1 

125 

^ Ceti 

032  18 

1 

~ 0^*97 

170 

4 Capricorni 

17  33  22 

~ 1 5*82 

126 

a,  Aquarii 

I 17  7 

} - O'lj 

7 Capricorni 

'7  39  5S 

- 14*97 

127 

a Aquarii 

1 17  7 

172 

Canis  majoris 

0 SI  55 

4-  1*18 

128 

E Orionis 

I 20  24 

- yo2 

173 

a.  Leporis 

17  58  22 

— 3*t8 

129 

S Antinoi 

1 24  10 

— 10*0, 

174 

Capricorni 

18  I 3 

13*81 

130 

^ Orionis 

2 3 33 

— 2*6o 

H5 

» Scorpii 

18  55  46 

+ 10*03 

7 Aquarii 

2 23  31 

— 17*81 

1 76 

(3  Ceti 

19  5 9 

- I9'84 

132 

h Ophiuchi 

3 10  8 

+ 9’77 

177 

(3  Scorpii 

19  14  46 

-f  10*52 

133 

^ Serpentis 

3 39  32 

- 0*93 

178 

p.  Sagittarii 

21  550 

—•  0*09 

134 

s Ophiuchi 

4 37 

-i-  9'47 

09 

7r  Sagittarii 

21  19  45 

— 4*95 

135 

$ Virginis 

4 28  4 

+ ‘9’39 

180 

£ Corvi 

21  30  32 

4*  20-05 

136 

|S  Eridani 

5 21  16 

~ 5*41 

i8i 

0 Scorpii 

2 2 2 30 

+ 10*92 

137 

^ Orionis 

630 

- 3 ‘04 

182 

0 Sagittarii 

22  I 21 

- 4*51 

■38 

^ Aquarii 

6 26  37 

- '5 '39 

183 

(3  Corvi 

22  17  17 

+ I9’94  ■ 

139 

Aquarii 

7 7 25 

- '9’44 

1S4 

7 Leporis 

22  31  15 

— 2*11 

1^0 

a Hydi'se 

7 47  56 

+ 15*21 

185 

u Corvi 

23  36  50 

4-  20*04 

I4I 

oc  Hydrte 

7 47  53^ 

4-  15*21 

186 

y Scorpii 

24  29  10 

4-  14*67 

142 

Rigel 

8 26  37 

— 4*81 

187 

S Ophiuchi 

24  47  17 

+ 4'43 

143 

Librie 

8 38  14 

•f  13*82 

188 

0-  Scorpii 

25  6 8 

+ 9*38 

144 

A Aquarii 

8 38  29 

— 18*89 

189 

TT  Scorpii 

2)  31  3^ 

+ 1 i*o6 

145 

ci  Spica 

10  6 46 

4*  19*01 

190 

Antares 

25  58  38 

+ 8*75 

146 

Spicse 

10  6 43 

4-  19*01 

191 

Antares 

25  58  23 

+ 8*75 

147 

^ Ophiuchi 

10  9 I 

4-  8*02 

192 

0 Canis  majoris 

26  510 

+ 5*18 

148 

^ Eridani 

1027  3 

- 11*99 

193 

£ Canis  majoris 

28  42  29 

+ 4*38 

149 

fjt,  Ceti 

11  22  48 

+ U'7‘ 

194 

^ Canis  majoris 

29  58  50 

4-  i *07 

150 

X Virginis 

12  26  26 

4-  V’oi 

195 

Fomalhaut 

30  40  38 

— 19*01 

151 

132 

153 

154 

^55 

Capricorni 
a}  Capricorni 
a?-  Capricorn! 

Capricorni 

7 Libras 

13  658 

’370 

13  9 H 

^3  9 H 

14  6 42 

[ - io'47  1 
} - ’°'S= 

4-  12*64 

■ 

t 

Voi.  ii. 
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Sta!^5  111  Elesflricity,  denotes  the  appearance  of 
the  eledtric  matter  on  a point  into  which  it  enters,  l^ec- 
carla  fuppofes  that  the  Star  is  occafioned  by  the  difil- 
culty  with  wliich  the  eleddric  fluid  is  extricated  from 
the  air,  which  is  an  eleclric  fubftance.  See  Brush. 

Star,  in  Fortification,  denotes  a fmali  fort,  hav- 
ing K or  more  points,  or  faliant  and  re-entering  angles, 
flanking  one  another,  aiid  their  faces  90.  or  100  icet 


long. 

Star,  in  Pyrotechny,,  a compofition.  of  combiifli- 
ble  matters  ; which  being  borne,  or  thrown  aloft  Into 
the  air,  exhibits  the  appearance  of  a real  Star.-““Stars 
are  chiefly  r.fed  as  appendages  to  rocieets,  a number  of 
them  being  .tafaally  inclofed  in  a conical  cap,  or  cover, 
at  the  head  of  the  rocket,  and  carried  up.  with  it  to  its 
utmofl:  height,  where  the  Stars,  taking  fire,  are  fpread 
around,  and  exhibit  an  agreeable  fpedtacle.. 

To  make  Stars. — Mix  3lb3  of  faltpetre,  1 1 ounces  of 
fulphur,  one  of  antimony,  and  3 of  gunpowder  dufl  : 
or,"  12  ounces  of  fulphur,  6 of  faltpetre,^ 
powder  dufl,  4 of  olibanum,  one  of  maftic,  camphor, 
fiiblimate  of  mercury,,  and  half  an  ounce  of  antimony 
and  orpiment.  Moiilen  the  mafs  with  gumv/ater,  and 
make  it  into  little  balls,  of  the  fizeofa  chefnut  ; which 
dry  either  in  the  fun,  or  in  the  oven.  Thefe  being  fet 
on  fire  in  the  air,  wnll  reprefent  Stars. 

SrAR-i^^jan/ denotes  the  right  hand  fide  of  a fhip, 
wlien  a perfon  on  board  Hands  wuth  the  face  looking 
forw^ard  towards  the  head  or  fore  part  of  the  fhip.  In 
contradiflin£lion  from  Larboard,  which  denotes  the 
left  hand  fide  of  the  fhip  in  the  fame  circumftances.— 
They  fay,  Starboard  the  helm,  or  helm  a Starboard, 
when  the  man  at  the  helm  fhould  put  the  helm  to  the 
right  hand  fide  of  the  fliip. 

Falling^  Star,  ov  Shooting  Star,  a luminous  meteor 
darting  rapidly  through  the  air,  and  refembling  a Star 
falling. — T he  explication  of  this  phenomenon  has  puz- 
zled all  phllofophers,  till  the  modern  difeoveries  in 
eledricity  have  led  to  the  moft  probable?  account  of  it. 
Signior  Beccarict  makes  it  pretty  evident,  that  it  is  an 
eledrical  appearance,  and  recites  the  following  fad  in 
proof  of  it.  About  an  hour  after  funfet,  he  and  fome 
friends  that  were  wuth  him,  obferved  a falling  Star  di- 
redingits  couife  towards  them,  and  apparently  grow- 
ing  larger  and  larger,  but  it  difappeared  not  far  from 
them  ; when  it  left  their  faces,  hands,  and  clothes, 
with  the  earth,  and  all  the  neighbourmg  objeds,  fud- 
denly  illuminated  witli  a diffufed  and  lambent  light,  not 
attended  with  any  uoife  at  all.  During  their  furprize 
at  this  appearance,  a fervant  informed  them  that  he 
bad  feen  a light  fhine  fuddenly  in  the  garden,  and  efpe- 
cially  upon  the  ftreams  wdiich  he  was  throwing  to  wa- 
ter it.  All  thefe  appearances  were  evidently  eledrical ; 
and  Beccaria  was  confirmed  in  his  conjedure,  that  elec- 
tricity was  the  caufe  of  them,  by  the  quantity  of  elec- 
tric matter  which  he  had  feen  gradually  advancing  to- 
wards his  kite,  which  had  very  much  the  appearance  of 
a falling  Star.  Sometimes  alfo  he  faw  a kind  of  glory 
round  the  kite,  which  followed  it  when  it  changed  its 
place,  but  left  fome  light,  for  a fmali  fpace  of  time,  in 
the  place  it  had  quitted.  Prieftley^s  Eled.  vol.  I,  pa. 
A%4,  8vo.  See  Ignis  Fatuus. 

~ or t,  or  Redoubt,  ifl  Fortification.  See  Stak> 
Kedoupr',  and  Fort. 


STARLINGS,  or  Sterlings,  or  jettees,  a kin4>^ 
of  cafe  made  about  a pier  of  ililts,  (Sec,,  to  fecure  it* 
See  Sti  lts. 

S TATICS,  a branch  of  mathematics  which  conlL 
ders  weiglit  or  gravity,  and  the  motion  of  bodies  re- 
in It  ing  from  it. 

I’hole  who  define  mechanics,  the  fcience  of  motion,, 
make  Statics  a part  of  it  ; viz,  that  part  which  conh- 
dersr  the  motion,  of  bodies  arifing  from  gravity. 

Others  make  them  two  dlllind.  dodrines-;  reftrain-*- 
ing  mechanics  to  the  dodrine  of  motion  and  weight, 
as  depending  on,  or  conneded  with,  the  powder  of  ma- 
chines ; and  Statics  to  the  dodtrine  of  motion,  confi- 
dered  merely  as  arifing  from  the  weight  of  bodies,. 
W'lthout  any  immediate  refped  to  machines.  In  this,. 
way.  Statics  fliould  be  the  dodrine  or  theoiy  of  mo- 
tion  p and  mechanics,  the  application  of  it  to  ma^^ 
chines. 

For  the  laws  of  Statics,  fee  Gravity,  Descent,,. 
&c. 


STATION,  or  Stationary,  ih  Aflronomy,  the? 
pofition  or  appearance  of  a planet  in  the  fame  point  of 
the  zodiac,  for  feveral  days.  Tins  happens  from  the 
obferver  being  fituated  on  the  earth,  which  is  far  out 
of  the  centre  of  their  orbits,  by  which  they  feem  to 
proceed  irregularly  ; being  fometimes  feen  to  go  for-  , 
wards,  or  from  weft  to  eaft,  which  is  their  natural- 
d'lretVion  ; fometimes  to  go  backwards,  or  from  eaft 
to  weft,  which  is  their  retrogradaiion ; and  between 
thefe  two  ftates  there  muft  be  an,  intermediate  one,., 
where  the  planet  appears  neither  to  gx)  forwards  nor 
backwards,  but  to  Hand  ftill,  and  keep  the  fame  place 
in  the  heavens,  which  is  called  her  Statiofi,  and  the. 
planet  is  then  faid  to  be  Stationary. 

Apollonius  Pergseus  has  ftiewn  how  to  find  the  Sta- 
tionary point  of  a planet,  according,  to  the  old  theory 
of  the  planets,  which  fuppofes  them  to  move  in  epi- 
cycles ; which  was  followed  by  Ptolomy  in  his  Almag. . 
lib.  12,  cap.  I,  and  others,  till  the  time  of  Coperni- 
cus, Concerning  this,  fee  Regiomontanus  in  Epitome 
Almagefti,  lib.  I2,  prop,  i ; Copernicuses  Revolu- 
tiones  Cceleft.  lib.  5,  cap.  35  and  36  ; Kepler  in  Tabulis 
Rudolphinis,  cap.  24;  Riccioli’s  Almag,  lib.  7,  fed.  5, 
cap.  1 : Flarman  in  Mifcellan.  Berolinenf,  pa,  197. 
Dr.  Halley,  Mr,  Facio,  Mr,  De  Moivre,  Dr.  Keil, 
and' others  have  treated  on  this  fubjed.  See  alfo  the 
articles  Retrograde  and  Statiomary  in  this  Dic- 
tionary, 

Station,  in  Pradical  Geometry  &c,  is  a place 
pitched  upon  to  make  an  obfervation,  or  take  an  angle, 
or  fuch  like,  as  in  furveying,  meafuring  lieights-and- 
diftanccs,  levelling,  &c. 

An  acceffible  height  is  taken  from  one  Station  ; but 
an  inaceefiible  height  or  diftance  is  only  to  be  taken  by 
making  two  Stations,  from  two  places  whofe  diftance 
afunder  Is  known.  In  making  maps  of  counties,  pro-, 
vinces,  &c.  Stations  are  fixed  upon  certain  eminencie 
&c  of  the  country,  and  angles  taken  from  thence  to 
the  feveral  towns,  villages,  &c. — In  furveying,  the  in- 
ftrument  is  to  be  adjufted  by  the  needle,  or  otherwife, 
to  anfvver  the  points  of  the  horizon  at  every  Station  ; 
the  diftance  from  hence  to  the  laft  vStation  is  to  be  mea- 
lured,  and  an  angle  is  to  be  taken  to  the  next  Station 
which  procefs  repeated  includes  the  ciiief  pradtice  of 

fiiLveylng, 
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fyl  ^’-eying. — In  levelling,  the  inflrumen't  is  recftlfied,  or 
■placed  level  at  each  Station,  and  obfervations  made 
forwards  and  backwards. 

There  is  a method  of  meafuring  didances  at  one 
Station,  in  the  Philof.  Tranf.  numb.  7,  by  means  of  a 
telefcope.  I have  heard  of  another,  by  Mr.  Ilamb 
■den  ; and  have  feen  a third  ingenious  way  by  Mr. 
Green  of  Deptford,  not  yet  publilhed  ; this  condds  of 
a permanent  fcale  of  divifions,  placed  at  any  point 
whole  didance  is  required  ^ then  the  number  of  dividons 
feen  through  the  telefcope,  gives  thcdidance  fought. 

St  ATioN-Z./Vzif,  in  Surveying,  and  Lind  of  Si ailony 
in  Perfpeftive.  SeeLiNH. 

STATIONARY,  in  Adronoray,  the  date  of  a 
planet  wben,  to  an  obferver  on  the  earth,  it  appears  for 
iome  time  to  Hand  Hill,  or  remain  immoveable  in  the 
fame  place  in  the  heavens.  For  as  the  planets,  to  fuch 
an  obferver,  have  fometimes  a progrelfive  motion,  and 
fometimes  a retrograde  one,  there  mud  be  fome  point 
between  the  two  where  they  mud  appear  Stationary. 
Now  a planet  will  be  feen  Stationary,  when  the  line 
that  joins  the  centres  of  tlte  earth  and  planet  is  con  • 
dantly  diredled  to  the  fame  point  in  the  heavens,  whicli 
■i-s  when  it  keeps  parallel  to  itfelf.  For  all  right  lines 
drawn  from  any  point  of  the  earth’s  orbit,  parallel  to 
one  another,  do  all  point  to  the  fame  dar  ; the  didance 
of  thefe  lines  being  infendble,  in  comparifon  of  that  of 
the  fixed  dars. 

The  planet  Hcrfchel  is  feen  Stationary  at  the  dif- 
'tance  of  from  the  fnn  ; Saturn  at  fomewhat  more 
than  90°  ; Jupiter  at  the  didance  of  52^^;  and  Mars  at 
s much  greater  didance  ; Venus  at  47°,  and  Mercury 
at  28*^. 

Herfchel  is  Stationary  days,  Saturn  8,  jupiter  4, 
Mars  2,  Venus  ij,  aud  Mercury  J a day:  though  the 
feveral  dations  are  not-always  equal  ; becaufc  the  orbits 
x)f  the  planets  are  not  circles  which  have  the  fun  in  their 
centre. 

STEAM,  the  fmoke  or  vapour  arldng  from  water, 
cr  any  other  hquid  or  moill  body,  when  confiderably 
heated.  Subterranean  Steams  often  affe6l  the  furface 
of  the  earth  in  a remarkable  manner,  and  promote  or 
prevent  vegetation  more  than  any  thing  elfe.  It  has 
been  imagined  that  Steams  may  be  the  generative  caufe 
of  both  minerals  and  metals,  and  of  all  the  peculiarities 
of  fprings.  See  Philof.  Tranf.  vol.  5,  pa.  11^4,  or 
Abr.  vol.  2,  pa.  833.— Of  the  life  of  the  air  to  elevate 
the  Steams  of  bodies,  fee  pa.  2048  and  297  ib. — 
Concerning  the  warm  and  fertilizing  temperature  and 
Steams  of  the  earth,  fee  Phil.  Tranf.  vol.  10,  pa.  307 
and  357.  See  alfo  Dr.  Hamilton  On  the  Afcent 
of  Vapour.s.” 

The  Steam  raifed  from  hot  water  is  an  eladic  duid, 
which,  like  eladic  air,  has  its  eladicity  proportional  to 
its  denfity  when  the  heat  is  the  fame,  or  proportional  to 
the  heat  when  the  denfity  is  the  fame.  The  Steam 
raifed  with  the  ordinary  heat  of  boiling  water,  is  al- 
mod  3000  times  rarer  than  water,  or  about  3I  times 
rarer  than  air,  and  has  its  eladicity  about  equal  to 
that  of  the  common  nir  of  the  atmofpherc.  And  by 
great  heat  it  has  been  found  that  the  Steam  may 
•be  expanded  into  14000  times  the  fpace  of  water,  or 
may  be  made  about  5 times  dronger  than  the  atmo- 
fphere.  Tut  from  fome  accidents  that  liave  happened, 
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it  appears  that  Steam,  fuddenly  raifed  from  water,  or 
moid  lubdances,  by  the  immediate  application  of  drong 
heat,  is  vadly  dronger  than  the  atmofphere,  or  even 
than  gunpowder  itfelf.  Witnefs  the  accident  that  hap- 
pened to  a foundery  of  cannon  at  Moorfields,  when 
upon  the  hot  metal  fird  running  into  the  mould  in  the 
earth,  fome  Imall  quantity  of  water  in  the  bottom  of 
it  was  fuddenly  changed  into  Steam,  which  by  its  ex- 
plofion,  blew  the  foundery  all  to  pieces.  I remember 
another  fnch  accident  at  a foundery  at  Newcadle  ; the 
founder  haying  purchafed,  among  fome  old  brafs,  a 
hollow' brals  ball  that  had  been  u fed  for  many  years  as  a 
valve  in  a pump,  withmfide  of  which  it  w'ould  feeui 
fome  water  liad  got  infinuated  ; and  having  put  it  into 
his  fire  to  melt,  w'hen  it  had  become  very  hot,  it  fiid- 
denly  burd  with  a prodigious  noife,  and  blew  the  adja- 
cent parts  of  the  furnace  in  pieces. 

Steam  may  be  applied  to  many  purpofes  ufeful  in  life, 
but  one  of  its  chief  nfes  is  in  the  Steam-engine  dc- 
feribed  in  the  following  article. 

vSteam  Eh  fine  y an  engine  for  raifmg  water  bv  the 
force  of  Steam  produced  from  boiling  water  ; and  of- 
ten called  the  l'ire-Lngitu\  on  account  of  the  fire  em- 
ployed in  boiling  the  water  to  produce  the  Steam.  This 
is  one  ot  the  mod  curious  and  ufeful  machines,  which 
modern  art  can  boad,  for  railing  water  from  ponds, 
wells,  or  pits,  for  draining  mines,  &c.  Were  it  not 
for  the  life  of  this  mod  important  invention,  it  is  pro- 
bable we  fhould  not  now  have  the  benefit  of  coal  fires 
in  England  ; as  our  forefathers  had,  before  the  prefent 
century,  excavated  all  the  mines  of  coal  as  deep  as  it 
cx)uld  be  Worked,  without  the  benefit  of  this  engine  to 
draw  the  water  from  greater  depths. 

This  engine  is  commonly  a forcing  pump,  having 
its  rod  fixed  to  one  end  of  a lever,  whicli  is  worked 
by  the  weight  or  prediire  of  the  atmofphere  upon  a 
pidon,  at  the  other  end,  a temporary  vacuum  belno- 
inade  below  it,  by  fuddenly  condenfing  the  Stean-^ 
that  had  been  let  Into  the  cylinder  In  which  this  pidon 
works,  by  a jet  of  cold  water  thrown  into  it.  A partial 
vacuum  being  thus  made,  the  weight  of  the  atmofphere 
predes  down  the  pidon,  and  raifes  the  other  end  of  the 
draight  lever  with  the  water  from  the  well  Nc.  Then 
Immediately  a hole  Is  uncovered  in  the  bottom  of  the 
cylinder,  by  which  a frefii  fill  of  hot  Steam  lufhes  in 
from  a boiler  of  water  below  it,  which  proves  a coun- 
terbalance for  the  atmofphere  above  the  pidon,  upon 
which  the  weight  of  the  pump  rods  at  the  other  end  of 
the  lever  cat  ries  that  end  down,  and  raifes  the  pidon  of 
the  Steam  cylinder.  Immediately  the -Steam  hole  is  fliut^ 
and  the  cock  opened  for  injedling  the  cold  water  into 
the  cylinder  of  Steam,  which  condenfts  it  to  water 
again,  and  thus  making  another  vacuum  below  the  pif- 
ton,  the  atmofphere  above  It  predes  It  down,  and  raifes 
the  pump  rods  with  another  lift  of  water  ; and  fo  on 
continually.  This  is  the  common  principle  ; but  there 
are  alfo  other  modes  of  applying  ihe  force  of  the  Steam, 
as  we  fiiallfee  in -the  following  diort  hidory  of  this  In- 
vention and  its  various  improvements. 

The  earlicd  account  to  be  met  with  of  tlie  invention 
•of  this  engine,  Is  In  the  marquis  of  Woveeder’s  fmall 
book  intitled  a Century  of  Inventions  (being  a deferip- 
-tion  of  100  notable  difeoveries),  publifhed  in  tlie  year 
.1663,  where  he  propofed  the  raifmg  of  great  quantities 
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of  water  by  tbc  force  of  Steam,  valfed  from  water  by 
means  of  lire  ; and  he  mentions  an  engine  of  that  kind, 
of  his  own  contrivance,  which  could  rade  a contuuial 
ihrearn  like  a fountain  40  feet  high,  by  means  of  tun) 
cocks  which  rvere  alternately  and  lucceilively  Gurnee  y 
a man  to  admit  the  Steam,  and  to  re-hll  the  vehel  with 
cold  water,  the  fire  being  continually  kept  up. 

However,  this  invention  not  meeting  witn  encou- 
ragement, probably  owing  to  the  confiifed  Hate  o pu 
He  affairs  at  that  time,  it  was  negleaed,  and  lay  cor- 
mant  feveral  yeais,.  un^!I  one  Captain  1 homas  5avery, 
havincT  read  the  marquis  of  Worcefter’s  books,  ieveiai 
years  afterwards,  tried  many  experiments  upon  the  loi'ce 
and  power  of  Steam  ; and  at  laft  hit  upon  a method  ot 
applying  it  to  raife  water.  He  then  bouglit  up  and  de- 
ftroyed  all  the  marquis’s  books  that  could  be  got,  and 
claimed  the  honour  of  the  invention  to  ^iimlelf,  and 
obtained  a patent  for  ir,  pretending  that  he  had  diico- 
Yered  this  fecret  of  nature  by  accident.  He  contrived 
an  engine  which,  after  many  experiments,  he  brought 
to  fome  degree  of  perfedlion,  fo  as  to  raife  water  m 
fmr.ll  quantities  : but  he  could  not  fiicceedyn  railing  it 
to  any  great  height,  or  in  large  quantities,  for  the 
draining  of  mines  ; to  eftha  which  by  his  method,  the 
Steam  was  required  to  be  fo  ftrong  as  would  have  built 
all  his  veffcls ; fo  that  he  was  obliged  to  limit  himfelf  to 
raifino-  the  water  only  to  a fmail  height,  or  m fmail 
quantities.  The  largefl  engine  he  ereded  was  for  the 
York-buildings  Company  in  London,  for  fupplymgthe 
inhabitants  in  the  Strand  and  that  neighbourhood  with 

water.  ^ c n t-T 

The  principle  of  this  machine  was  as  ioliows : ri 

(fig.  3,  pi.  27)  reprefents  a copper  boiler  placed  on  a 

furnace.  E is  a Itrong  iron  veffel,  communicating  with 

the  boiler  by  means  of  a pipe  at  top,  and  with  the 

main  pipe  AB  by  means  of  a pipe  f ^t  bottom  , 

is  the  main  pipe  immerfed  in  the  water  at  B ; D and 

C are  two  fixed  valves,  both  opening  upwards,  one 

beino-  placed  above,  and  the  other  below  the  pipe  ot 

communication  I.,  Laftly,  at  G is  a cock  that  ferves 

occafionally  to  w^et  and  cool  the  veffel  E,  by ^ water 

from  the  main  pipe,  and  F is  y cock  in  the  _pip^  ^ 

Communication  between  the  veffel  E and  the  boiler. 

The  engine  is  fet  to  work,  by  filling  the  copper  m 
part  with  water,  and  alfo  the  upper  part  of  the  mam 
pipe  above  the  valve  C,  the  fire  in  the  furnace  being 
lighted  at  the  fame  time.  AVhen  the  water  boils 
the  cock  F is  opened,  the  Steam  rufhes  into  the  ve del 
E,  and  expels  the  air  from  thence  through  the  valve  C. 
The  veffel  E thus  filled,  and  violently  heated  by  the 
Steam,  is  fuddenly  cooled  by  the  water  which  falls 
upon  it  by  turning  the  cock  C;Hhe  cock  F being  at 
the  fame  time  fhiit,  to  prevent  any  frefh  accelhon  of 
■Steam  from  the  boiler.  Hence,  the  Steam  in  E becom- 
ing  condenfed,  it  leaves  the  cavity  witlun  almoit  111- 
tirelv  a vacuum  ; and  tliereiore  the  pieflurc  o f 
mofphcre  at  B forces  the  water  through  the  valve  D till 
the  veffel  E is  nearly  filled.  The  condenfing  cock  L 
is  then  fhut,  and  the  Steam  cock  F again  opened  ; 
hence  the  Steam,  rufliing  into  E,  expels  the  water 
through  the  valve  C,  as  it  before  did  the  air.  ^ i hus 
E becomes  again  filled  with  hot  Steam,  v/hich  is  again 
cooled  and  condenfed  by  the  water  from  G,  the  iupply 
of  Steam  being  cut  off  by  fliutting  F,  as  in  the  roimer 


operation  ; the  water  confequently  ruflies  through 
by  tliepreffure  of  the  atmofphere  at  B,  and  E is  again 
filled.  This  water  is  forced  up  the  main  pipe  through 
C,  by  opening  F and  fhutting  G,  as  before.  And 
thus  it  is  eafy  to  conceive,  that  by  this  alternate  open- 
ing and  fhutting  the  cocks,  water  will  be  continually 
ra'ifed,  as  long  as  the  boiler  continues  to  fupply  the 
Steam. 

For  the  fake  of  perfpicuity,  the  drawing  is  diveflcd 
of  the  apparatus  that  ferves  to  turn  the  two  cocks  at 
once,  and  of  the  contrivances  for  filling  the.  copper  to 
the  proper  quantity.  But  it  may  be  found  complete, 
with  a full  account  of  its  ufes  and  application,  in  Mr. 
Savery^s  book  intituled  the  Miner"' s Friend,  The  en- 
gines of  this  confirudlion  were  ufually  made  to  work 
with  two  receivers  or  Steam  veffels,  one  to  receive  the 
Steam,  while  the  other  was  raifing  water  by  the  conden- 
fation.  This  engine  has  been  fince  improved,  by  admit- 
ting the  end  of  the  condenfing  pipe  G into  the  veffej 
E,  by  which  means  the  Steam  is  more  fuddenly  and  ef- 
fcftually  condenfed  than  by  water  on  the  outfide  of  the 
veffel. 

The  advantages  of  this  engine  are,  that  it  may  be 
erefted  in  almofl  any  fituatlon,  that  it  requires  but  lit- 
tle room,  and  is  fubjedl  to  very  little  fndion  in  its 
parts. — Its  difadvantages  arc,  that  great  part  of  the 
Steam  is  condenfed  and  lofes  its  force  upon  coming  into 
contadl  with  the  water  in  the  veffel  E,  and  that  the 
heat  and  elafticity  of  the  Steam  mull  be  increafed  in 
proportion  to  the  height  that  the  water  is  required  to  be 
raifed  to.  On  both  thefe  accounts  a large  fire  is  re-  . 
quired,  and  the  copper  muft  be  very  flroiig,  when  the 
height  is  confiderable,  otherwife  there  is  danger  of  its 
burlling. 

While  captain  Savery  was  employed  in  perfefling 
his  engine,  Dr.  Papin  of  Marburg  was  contriving  one 
on  the  fame  principles,  which  he  deferibes  in  a fmalF 
book  publifhed  in  1707,  intitled  Ars  Nova  ad  Aquam 
Ignis  adminiculo  ejfficacijftme  ekvandam,  Capt.  Savery’s 
engine  however  was  much  completer  than  that  propofed 
by  Dr.  Papin. 

About  the  fame  time  alfo  one  Monf.  Amontons  of 
Paris  was  engaged  in  the  fame  purfuit : but  his  method 
of  applying  the  force  of  Steam  was  different  from  thofe 
before-mentioned  ; for  he  intended  it  to  drive  or  turn 
a wheel,  which  he  called  a fire-mill^  which  waste  work 
pumps  for  raifing  water ; but  he  never  brought  it  to 
perfcdlion.  Each  of  thefe  three  gentlemen  claimed  the 
originality  of  the  invention  ; but  it  is  moil  probable 
they  all  took  the  hint  from  the  book  publifhed  by  the 
marquis  of  Worcefler,  as  before-mentioned. 

In  this  imperffcdl  date  it  continued,  witLout  farther 
improvements,  till  the  year  1705,  when  Mr.  Newco- 
men,, an  iron-monger,  and  Mr.  John  Cowley,  a gla- 
zier, both  of  Dartmouth,  contrived  another  way  to 
raife  water  by  Steam,  bringing  the  engine  to  work 
with  a beam  and  pifion,  and  where  the  Steam,  even  at 
the  greateil  depths  of  mines,  is  not  required  to  be 
greater  than  the  preffure  of  the  atmofphere  : and  this 
is  the  flrudtiire  of  the  engine  as  it  has  fince  been  chiefly 
ufed.  Thefe  gentlemen  obtained  a patent  for  the  foie 
ufe  of  this  invention,  for  14  years.  The  firfl  propofal 
they  made  for  draining  of  mines  by  this  engine,  was  in 
the  year  1711;  but  they  were  very  coldly  received  by 

many 
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tnany  perfons  in  the  fouth  of  England,  who  did  not 
undei-aand  the  nature  of  it.  In  1712  they  came  to  an. 
agreement  with  the  owners  of  ,a  colliery  at  Griff  in. 
Warwickfhire,  where  they  erected  an  engine  with  a 
cylinder  of  22  inches  diameter.  _ At  hrft  they  were  un- 
der great  diriiculties  in  many  things  ; but  by  the  affdl- 
ancc  of  fome  good  workmen  they  got  all  the  parts  put 
too-ether  in  fuch  a manner,  as  to  anlwer  their  intention 
tolerably  well  : and  this  was  the  hrft  engine  of  the  kind 
eretled  in  England.  There  was  at  firff  one  man  to  at- 
tend the  Steam-cock,  and  another^to  attend  the  injec- 
tion cock  ; but  they  afterwards  contrived  a method  of 
opening  and  ihutting  them  by  fome  fmsll  machinery 
connected  with  the  working  bearru  The  next  engine 
erected  by  thefe  patentees,  was  at  a colliery  in  the 
county  of  Durham,  about  the  year  lyiS,  wliere  was 
concerned,  as  an  agent,  Mr.  Henry  Beighton,  F.  R.  S. 
Sind  condudtor  of  the  Ladies  Diar^r'  fiom  the  yeai 
1714  to  the  year  1744  : this  gentleman,  not  approving 
of  the  intricate  manner  of  opening  and  fiiutting  the 
cocks  by  firings  and  catches,  as  in  the  former  engine, 
fubftltuted  the  hanging  beam  for  that  purpofe  as  at 
prefent  ufed,  and  likewife  made  improvements  in  the 
pipes,  valves,  and  fome  other  parts  of  the  engine. 

In  a few  years  afterwards,  thefe  engines  came  to  be 
better  underflood  than  they  had  been  ; and -their  advan- 
tages, efpecially  in  draining  of  mines,  became  more 
aoparent : and  from  the  great  number  of  them  erected, 
they  received  additional  improvemeuts  ffom. different 
perfons,  till  they  ariived  at  their  prefent  degree  of  per- 
fedlion  : as  will  appear  in  the  lequel,  after  we  hnye  a 
little  confidered  the  general  principles  of  this  engine, 
which  ai'C  as  follow. 

Principles  of  the, Si  earn  Engine^ 

The  principles  on  which  this  engine  ads,  are  truly  _ 
philofophical  ; and  when  alh  the  parLs-of  the  machine 
are  proportioned  to  each  other  according  .to .thefe prin- 
ciples, it  never  falls  to  anfwer  the  intention  of  the 
engineer.  ^ 

1 . It  has  been  proved  in  pneumatics,  that  the  preffure 
of  the  atmofphere  upon  a fquare  inc.h  at  the  cartff’s 
furface,  is  about  I4|lb  avoirdupois  :at  a .aiedium,  or 
1 1 41b  on  a circular  inch,  that  is  on  a circle  of  an-  inch 
diameter.  And, 

2.  If  a vacuum  be  made  by  any  means  in  a cylinder, 
which  has  a naoveable  plllon  fufpended  at  one  end  of  a 
lever  equally  divided,  the  air  will  endeavour  to-  rufh  in, 
and  will  prefs  down  the  plfton,  with  a force  proportion- 
able  to  the  area  of  the  furfacc,  and  will  raife  an  equal 
weight  at  the  other  end  of  the  lever. 

3.  Water  maybe  rarefied  near  14000  times  by  being 
reduced  into  Steam,  and  violently  heated  : the  particles 
of  it  are  fo  flrongly  repellent,  as  to  drive  away  air  of 
the  common  denfity,  only  by  a heat  fufficient  to  keep 
the  water  in  a boiling  Hate,  when  the  Steam  is  almoll 
3000  times  rarer  than  water,  or  3 r times  rarer  than  air, 
as  appears  by  an  experiment  of  Mr.  Beighton’s  ; by 
increafiiig  the  heat,  the  Steam  may  be  rendered  much 
ffronger  ; but  this  requires  great  flrength  in  the  veffels. 
This  Steam  may  be  again  condenfed  Into  Its  former 
ilate  by  a jet  of  cold  water  difpeided  through  it ; fo 
that  14000  cubic  inches  of  Steam  admitted  into  a cy- 
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Under,  may  be  reduced  into  the  fpace  of  one  cubic 
inch  of  water  only,  by  which  means  a partial  vacuum 
is  obtained. 

4.  Though  the  preffure  of  the  atmofphere  be  about 
14I  pounds  upon  every  fquare  inch,  or  i impounds 
upon  a circular  inch  ; yet,  on  account  of  the  fridion  of 
the  feveral  parts,  the  refinance  from  fome  air  which  is- 
unavoidably  admitted  with  the  jet  of  cold  water,  and 
from  fome  remainder  of  Steam  In  the  cylinder,  the  va- 
cuum is  very  imoerfed,  and  the  piftori  does  not  de- 
feend  with  a force  exceeding  8 or  9 pounds  upon  every 
fquare  inch  of  its  furface. 

9.  The  gallon  of  water  of  282  cubic  inches  weighs 
io|- pounds  avoirdupois,  or  a cubic  foot  62 f- pounds,, 
or  I GOO  ounces.  The  piffon  being  preiTed  by  the  at- 
mofphere with  a force  proportional  to  Its  area  In  Inches, 
multiplied  by  about  8 or  9 pounds,  depreffes  that  end 
of  tile  lever,  and  raifes  a column  of  water  In  the  pumps 
of  equal  weight  at  the  other  end,  by  means  of  the- 
pump-rods  fufpended  to  it.  When  the  Steam  Is  again 
admitted,  the  pump-rods  fink  by  their  fuperior  weight, 
and  tlie  plfton  rifes;  and  when  that  Steam  is  con- 
denfed, the  plfton  defeends,  and  the  pump-rods  lift; 
and  fo  on  alternately  as  long  as  the  pillon  works. 

It  has  been  obferved  above,  that  the  pifton  does 
not  defeend  with  a force. exceeding  8 or  9 pounds  upon 
every  fquare  inch  of  its  furface  ; but  by  reafon  of  acci- 
dental fridlions,  and  alterations  in  the  denfity  of  the 
air,  it  will  be  fafeff,  In  calculating  the  power  of  the 
cylinder,  to  allow  fomething  lefs  than  8 pounds  for  the 
preftiure  of -the  atmofphere,  upon  every  fquare  inch,) 
viz  71b.  10  oz.  ” y’bqlb,  or  juft  61b.  upon  every  circu- 
lar inch  ; and  it  being  allowed  that  the  gallon  of  water^ 
af_2-82  cubic  inches,  weighs  lojlb,  from  thefe  pre- 
mlfes  the  dirnenfious  of  tlie  cylinder,  pumps,  &:c,  for 
any  Steam-engine,  may  be  deduced  as  iollows  : — ' 
Suppofe  ^ 

c z=  the  cylinder's  diameter  In  inches, 

—p  -=.  tlre-putnp^-s  ditto,. 
f — the  depth  of  the  pit  in  fathoms, 
g gallons  drawn  by  a ftroke  of  6 feet  or  a fathom,. 
b =.5i.e  hogIh.eads-drawn  per  hour, 
s r—  the  number  of  ftrokes  per  minute. 

Then  r®  is  the  area  of  the  cylinder  in  circular  Inches, 
iheref.  6c'^  is  the  ptwer  of  the  cylinder  In  pounds. 

And^ or  is  ^ the  gallons 

contained  In  one  fathom  or  72  inches  of  any  pump  ;. 
which  multiplied  by / fathoms,  gives  -]/>yfor  the  gal- 
lons contained  In / fathoms  of  any  pump  whole  diame- 
ter is  p.  , - , 

Hcucc  \pf  X io|lb.  gives  ipf  nearly,  for  tue 

weight  in  pounds  of  tlie  column  of  water  <vliich  is  to 
be  equal  to  the  power  of  the  cylinder,  which  was  be- 
fore found  equal  to  Hence  then  we  have  the  2(1 

equation, 

viz,  = 2py\  or  3r-  = p''-/ ; 
the  firft  equation  being  3-/*  = g^  or p~  = 

Froni  which  two  equations,  any  particular  ciicumilaiics. 
may  be  determined. 

Or  if,  inftead  of  6lb,  for  the  preffure  of  the  air  on 

each  circular  inch  of  the  cylinder,  that  force  be  fup- 

pofed 


'poied  any  manVocr  as  a pounds ; then  will  the  power  of 
cbe  cyclindcr  he  aC^y  and  the  2d  equation  becomes 
ai^  “ lofgi  by  fubditiinug  5^  inftead  of  y". 

And  farther,  63/?  = 6cg;r,  or  z\h  — 205.% 

From  a comparifen  of  thefe  equations,  the  following 
theorems  are  derived,  which  will  determine  the  ilze  of 
the  c)linder  and  pumps  of  any  Steam-engine  capable  of 
drawing  a certain  quantity  of  water  from  any  affigned 
depth,  with  theprelfure  of  the  atmofphere  on  each  cir- 
cular inch  of  the  cylindei''’-s  area. 

Thefe  theorems  are  more  particularly  adapted  to  one 
pimtp  in  a pit.  But  it^ofteii  happens  in  practice,  that 
an  engine  has  to  draw  feveral  pumps  of  different  diame- 
ters from  difierciit  depths  ; and  in  this  cafe^  the  fquare 
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of  the  diameter  or  each  pump  mud  be  multijjlicd  by  lu 
depth,  and  double  the  fum  of  all -the  products  will  be 
the  weight  of  water  drawn  at  each  ftroke,  which  is  to 
be  ufed  infiead  of  2p^f  for  the  power  of  the  cylin- 
der. 

The  following  Is  a Table,  calculated  from  the  fore, 
going  theorems,  of  the  powers  of  cylinders  from  30  to 
70  iiiche-s  diameter  ; and  the  diameter  and  lengths  of 
pumps  whicli  thole  cylinders -are  capable  of  working, 
from  a 6 inch  bore  to  that  of  20  inches,  together  with 
the  quantity  of  water  drawn  per  ftroke  and  per  hour^ 
allowing  the  engine  to  make  12  ilrokesof  6 feet  per  mi- 
nute, and  the  prefTure  of  the  atmofphere  at  the  rate 
of  7 lb  -IO.OZ  per  fquare  inch,  or  61b  per  circular 
inch. 


Table  ^Theorems  for  the  readier  computing  the 
y Po’veers  of  a Steam-Engine. 
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Let  113  now  defcvlbe  the  feveral  parts  of  an  en- 
gnie,  and  exemplify  the  application  of  the  forego- 
ing principles,  in  the  conllruClion  of  one  of  the 
cornpleteft  of  the  modern  engines.  See  fig.  4. 
pi.  27. 

A reprefents  the  flre-pkce  under  the  boiler,  for  the 
boiling  of  the  \^ater,  and  the  a fit -hole  below  it. 

Bj  the  boiler,  filled  with  water  about  three  feet 
<^bove  the  bottom,  made  of  iron  plates. 

C,  the  Steam  pipe,  through  which  the  Steam  pafTes 
from  the  boiler  into  the  receiver. 

lb  the  receiver,  a clofe  iron  veflel,  in  which  is  the 
regulator  or  Steam-cock,  which-  opens  and  flints  the 
hole  of  communication  at  each  ilroke. 

E,  the  communication  pipe  between  the  receiver 
•and  the  cylinder  ; it  rifes  5 or  6 inches  up,  in  the 
infide  of  the  cylinder  bottom,  to  prevent  the  injedled 
water  from  defeending  into  the  receiver. 

F,  the  cylinder,  of  call  iron,  about  lO  feet  long, 
bored  fmooth  in  the  infide  ; it  has  a broad  flanch  in 
the  middle  on  the  outfide,  by  which  it  is  fupported 
when  hung  in  the  cylinder-beams, 

G,  the  pifion,  made  to  fit  the  cylinder  exadfly  : it 
has  a fianch  rifing  4 or  5 inches  upon  its  upper  furface, 
between  which  and  the  fide  of  the  cylinder  a quantity 
•of  junk  or  oakum  is  fluffed,  and  kept  down  by 
weights,  to  prevent  the  entrance  of  air  or  water  and 
the  efcaping  of  Steam, 

FI,  the  chain  and  pifion  fhank,  by  which  it  is  con- 
ncdled  to  the  working  beam. 

I 1,  the  ivorking-beam  or  lever  : it  is  made  of  two 
or  more  large  logs  of  timber,  bent  together  at  each 
end,  and  kept  at  the  difiance  of  8 or  9 inches  from 
each  other  in  the  middle  by  the  gudgeon,  as  repre- 
iented  in  the. Plate.  The  arch-heads,  II,  at  the  ends, 
are  for  giving  a perpendicular  diredlion  to  the  chains  of 
the  pifion  and  pump-rods. 

K,  the  pump-rod  which  works  in  the  fucking  pump. 

L,  and  draws  the  water  from  the  bottom  of  the  pit 
to  the  furface. 

]VI,  a ciftern,  into  which  the  water  drawn  out  of  the 
pit  is  condudled  by'"  a trough,  fo  as  to  keep  it  always 
full : and  the  fuperfiuous  water  is  carried  off  by  another 
trough. 

N,  the  jack-head  pump,  wdiich  is  a fucking-pump 
wrought  by  a fmall  lever  or  working-beam,  by  means 
of  a chain  connedled  to  the  great  beam  or  lever  near 
the  arch  g at  the  inner  end,  and  the  pump-rod  at  the 
outer  end.  This  pump  commonly  ftands  near  the 
corner  of  the  front  of  the  houfe,  and  raifes  the  co- 
lumn qf  winter  up  to  the  cifiern  O,  into  which  it  is 
conduded  by  a trough. 

O,  the  jack-head  ciftern  for  fupplylng  the  injedion, 
which  is  always  kept  full  by  the  pump  N : it  is  fixed 
fo  high  as  to  give  the  jet  a fufficient  velocity  into  the 
cylinder  when  the  cock  is  opened.  This  ciftern  has  a 
pipe  on  the  oppofitefide  for  conveying  away  the  iuper- 
fiuous  w^ater. 

P P,  the  injedion-pipe,  of  3 or  4 inches  diameter, 
whicli  turns  up  in  a curve  at  the  lower  end,  and 
enters  the  cylinder  bottom  ; it  has  a thin  plate  of  iron 
upon  the  end  a,  with  3 or  4 adjutage  holes  in  it,  to 
prev^at  the  jet  of  cold  water  of  the  jack-head  ciftern 


from  flying  up  againft  the  pifion,  and  yet  to  condenfe  the 
Steam  each  firoke,  when  the  injedion-cock  isopen, 

a valve  upon  the  upper  end  of  the  injedion  pipe 
within  the  cifiern,  which  is  fnut  when  the  engine  is?- 
not  working,  to  prevent  any  wafte  of  the  water. 

ff  a {mail  pipe  which  branches  off  from  the  in- 
jedion-pipe,  and  has  a fmall  cock  to  fupply  the  pifion 
with  a little  water  to  keep  it  air-tight. 

Q,  the  working  plug,  fufpended  by  a chain  to  the 
archly  of  the  working  beam.  It  is  ufually  a heavy 
piece  of  timber,  with  a Hit  vertically  down  its  middle, 
and  holes  bored  horizontally  through  it^  to  receive  pins 
for  the  purpofe  of  opening  and  fiiutting  the  injedion 
and  Steam  cocks,  as  it  afeends  and  defeends  by  the 
motion  of  the  working  beam. 

Z’,  the  handle  of  the  fteam-cock  or  regulator.  It 
is  fixed  to  the  regulator  by  a fpindle  which  comes  up 
through  the  top  of  the  receiver.  The  regulator  is  a 
circular  plate  of  brafs  or  call  iron,  which  is  moved  ho- 
rizontally by  the  handle  /j,  and  opens  or  fhuts  the 
communication  at  the  lower  end  of  the  pipe  E within 
the  receiver.  It  is  reprefented  in  the  plate  by  a circular 
dotted  line. 

i z,  the  fpanner,  which  is  a long  rod  or  plate  of  iron 
for  communicating  motion  to  the  handle  of  the  regu- 
lator ; to  which  it  is  fixed  by  means  of  a flit  in  the  lat- 
ter, and  fome  pins  put  through  to  fatten  it. 

f/,  the  vibrating  lever,  called  the  Y,  having  the 
weight  Z at  one  end  and  two  legs  at  the  other  end. 
It  is  fixed  to  an  horizontal  axis,  moveable  about 
its  centre-pins  or  pivots  mn,  by  means  of  the  two , 
fhanks  op  fixed  to  the  fame  axis,  which  are  alternately 
thrown  backwards  and  forwards  by  means  of  two  pins  , 
in  the  working  plug  ; one  pin  on  the  outfide  depreff- 
inp*  the  fhank  0.  throws  the  loaded  end  k of  the  Y 
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from  the  cylinder  into  the  pofition  reprefented  in  the 
plate,  and  caufes  the  leg  / to  ftrike  againft  the  end  of 
the  fpanner  ; which  forcing  back  the  handle  of  the  re- 
gulator or  fteam  cock,  opens  the  communication,  and 
permits  the  fteam  to  fly  into  the  cylinder.  The  pifion 
immediately  riling  by  the  admiffion  of  the  Steam,  the 
working  beam  II  rifes;  which  alfo  raifes  the  work- 
ing-plug,  and  another  pin  which  goes  through  the  flit 
raifes  the  fhank  y>,  which  throws  the  end  k of  the  Z 
towards  the  cylinder,  and,  linking  the  end  of  the 
fpanner,  forces  it  forward,  and  fhuts  the  regulator 
Steam-cock. 

<yr,  the  lever  for  opening  and  fhutting  the  injection 
cock,  called  the  F.  It  has  two  toes  from  its  centre, 
which  take  between  them  the  key-of  the  iiijedtion  cock. 
When  the  working-plug  has  afeended  nearly  to  its 
greatefi  height,  and  fhut  the  regulator,  a pin  catches 
the  end  q of  the  F and  raifes  it  up,  which  open^  the 
injecfion-cock,  admits  a jet  of  cold  water  to  fly  into 
the  cylinder,  and,  condenfing  the  Steam,  makes  a 
vacuum ; then  the  preffure  of  the  atmofphere  bringing 
down  the  pifion  in  the  cylinder,  and  alfo  the  plug- 
frame,  another  pin  fixed  in  it  catches  the  end  of  the 
lever  in  its  defeent,  and,  by  prefiing  it  down,  fhuts 
the  injecftion-cock,  at  the  fame  time  the  regulator  is 
opened  to  admit  Steam,  and  fo  on  alternately  ; when 
the  regulator  is  fliut  the  injcdlion  is  open,  and  when 

the  former  is  open  the  latter  is  fhut, 

^ R,  the 
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R,  the  hot-well,  a fmall  cKlern  made  of  planks, 
which  receives  all  the  wafte  water  from  the  cylin- 
der. 

S,  the  fink-pit  to  convey  away  the  water  which  is 
injetled  into  the  cylinder  at  each  itrokc.  Its  upper  end 
is  even  with  the  infide  of  the  cylinder  bottom,  its  lower 
end  has  a lid  or  cover  moveable  on  a hinge  which 
ferves  as  a valve  to  let  out  the  injebled  water,  and 
tliiits  clofe  each  ftroke  of  the  engine,  to  prevent  the 
water  being  forced  up  again  when  the  vacuum  is 
made. 

T,  the  feeding  pipe,  to  fupply  the  boiler  with  wa- 
ter from  the  hot-well.  It  has  a cock  to  let  in  a large 
or  fmall  quantity  of  water  as  occahon  requires,  to  make 
up  for  what  is  evaporated  ; it  goes  nearly  down  to  the 
boiler  bottom. 

U,  two  gage  cocks,  th.e  one  larger  than  tlie  other, 
to  try  when  a proper  quantity  of  water  is  in  the  boiler: 
upon  opening  the  cocks,  if  one  give  Steam  and  the 
other  water,  it  is  right  ; if  they  both  give  Steam,  there 
is  too  little  water  in  the  boiler  ; and  if  they  both  give 
vrater,  there  is  too  much. 

Vv , a plate  which  is  Icrewed  on  to  a hole  on  the  fide 
of  the  boiler,  to  allow  a paflage  into  the  boiler  for  the 
convenience  of  cleaning  or  repaiiing  it. 

X,  the  Steam-clack  or  puppet  valve,  which  is  a brafs 
valve  on  the  top  of  a pipe  opening  into  the  boiler,  to 
let  off  the  Steam  when  it  is  too  lirong.  It  is  loaded 
with  lead,  at  the  rate  of  one  pound  to  an  inch 
fquare  ; and  when  the  Steam  is  nearly  flrong  enough 
to  keep  it  open,  it  will  do  for  the  working  of  the 
engine. 

J\  tl-e  fniftiiig  valve,  by  which  the  air  is  difeharged 
from  the  cylinder  each  ftroke,  wliich  was  admitted 
with  the  injection,  and  would  otherwile  obftrudf:  the 
due  operation  of  the  engine. 

ft^  the  cylinder-beams;  which  are  ftrong  Joifts 
going  through  the  houfe  for  fupporting  the  cylin- 
der. 

V,  the  cylinder  cap  of  lead,  foldcrcd  on  the  top 
of  the  cylinder,  to  prevent  the  water  upon  the 
pifton  from  flafliing  over  when  it  rifes  too  high. 

w,  the  waft  e-pipe,  which  condnfts  the  fujierflnoiis 
water  from  the  top  of  the  cylinder  to  the  hot- well. 

- XX,  iron  bars,  called  the  catch -pins,  fixed  horizon- 
tally through  each  arch  head,  to  pi'cvcnt  the  beam 
dtfcending  too  low  in  rale  thecliain  jhould  break. 

yy,  two  ftrong  wooden  fprings,  to  weaken  the 
blow  given  by  the  catch  pins  when  the  ftroke  is  too 
long. 

two  friflion-wheels,  on  which  the  orndtreon  or 
•centre  of  the  great  beam  is  hung  ; they  are  the  third 
or  fourth  part  of  a circle,  and  mc>ve  a little  each  way 
as  the  beam  vibrates.  Their  ufe  is  to  diminifn  the 
fridtion  of  the  a:xis,  which,  in  fo  heavy  a lever,  would 
otherwife  be  very  great. 

When  this  engine  is  to  be  fet  to  work,  the  boiler 
muft  be  filled  about  three  or  four  feet  deep  with  water, 
and  a large  fire  made  under  it  ; and  when  the  Steam  is 
found  to  be  of  a fufficient  llrength  by  the  puppet- 
clack,  then  by  thrufting  back  the  fpanner,  which 
opens  the  regulator  or  Steam-cock,  the  Steam  is  ad- 
mitted into  the  cylinder,  which  raifes  the  pifton  to  the 
VoL.  II. 
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top  of  the  cylinder,  and  forces'  out  all  the  air  at  the 
fnifting  valve  ; then  by  turning  the  key  of  the  injediion-  * 
cock,  a jet  of  cold  water  is  admitted  into  the  cylinder, 
which  condenfes  the  Steam  and  makes  a vacuum  ; and 
tlic  atmofpheie  then  prcfihig  upon  the  pifton,  forces 
it  down  to  the  lower  part  ot  the  cylinder,  and  makes 
a llroke  by  raifing  the  column  of  water  at  the  other 
end  of  the  beam.  After  two  or  three  ftrokes  are  made 
in  this  manner,  by  a man  opening  and  (hutting  the 
cocks  to  try  if  they  be  right,  then  the  pins  may  be 
put  into  the  pin-holes  in  tne  working  plug,  and  the  en- 
gine left  to  turn  tlie  cocks  cf  itfelf  ; which  It  will  do 
with  greater  exact nefs  tlujn  any  man  can  do. 

fl'liere  are  in  foine  engines,  methods  of  (i  ►■ttingand 
opening  the  cocks  different  from  the  one  above  de- 
feribed,  but  perhaps  none  better  adapted  to  the  purpofe  ; 
and  as  the  principles  on  wlu'cli  they  all  adl  are  origi- 
nally the  fame,  any  difference  in  the  mechanical  con- 
ftrudlion  of  the  fmall  machinery  will  have  no  in- 
fluence of  confequence  upon  the  total  effeef  of  the  grand 
machine. 

The  furnace  or  fire-place  ftionld  not  have  the  bars 
fo  dole  as  to  prevent  the  free  admiftion  of  freftt  air  to 
the  fire,  nor  fo  open  as  to  permit  the  coals  to  fall 
through  them  ; for  which  purpofe  two  inches  or  there- 
abouts is  fufficient  for  the  dillance  betwixt  the  bars. 
The  fize  of  the  furnace  depends  upon  the  fize  of  the 
boiler  ; but  in  every  cafe  the  afn-hole  oiiglit  to  be  ca- 
pacious to  adm.it  the  air,  and  the  greater  its  height  the 
better.  If  the  dame  is  conducled  in  a flue  or  cliimney 
round  the  oiitfide  of  the  boiler,  or  in  a pipe  round  the 
infide  of  it,  it  ought  to  be  gradually  diminifhed  from 
the  entrance  at  the  furnace  to  its  egrefs  at  the  chimney  ; 
and  the  fedion  of  the  chimney  at  that  place  fiiould  not 
exceed  the  fedfion  of  the  flue  or  pipe,  and  fiiould  alfo 
be  fame  what  lefs  at  the  chimney-top. 

The  boiler  or  veffel  in  which  the  water  is  ra»*efied  by 
the  force  of  fire,  may  be  made  of  iron  plates,  or  cafl 
iron,  or  fuch  other  materials  as  can  w'ithftand  the  effects 
of  the  fire,  and  the  elaftic  force  of  the  Steam.  It 
may  be  confidcied  as  confifting  of  two  parts  ; the  up- 
per part  which  Is  expofed  to  the  Steam,  and  the  under 
part  which  is  expofed  to  tlie  fire.  The  form  of  the 
latter  fhould  be  fuch  as  to  receive  the  full  force  of  the 
fire  in  the  ir.oft  advantageous  manner,  fo  that  a certain 
quantity  of  fuel  may  have  the  greateft  poffible  efieCl  in 
heating  and  evaporating  tlie  water  ; which  is  beft  done 
by  making  the  fides  cylindrical,  and  the  bottom  a little 
concave,  and  then  conduftlng  the  flame  by  an  iron  fine 
or  pipe  round  the  infide  of  the  boiler  beneath  the  fur- 
face  of  rlic  water,  before  it  reach  the  chimney.  For, 
by  this  means,  after  the  fire  in  the  furnace  (las  heated 
the  water  by  its  effed  on  the  bottom,  the  flame  heats 
It  again  by  the  pipe  being  wholly  included  in  the  wa- 
ter, and  having  every  pait  of  its  furface  in  coiitad 
with  it  ; which  is  preferable  to  carrying  it  in  a flue  or 
chimney  round  the  oiitfide  of  the  boiler,  as  a third  or 
a half  of  the  furface  of  the  flame  only  could  be  in  con- 
tact with  the  boiler,  the  ether  being  fpent  upon  the 
brick-work.  This  cylliidric  lov/er  part  may  be  lefs  in 
its  diameter  than  the  upper  part,  and  may  contain 
from  four  to  fix  feet  perpendicular  height  of  water 
in  it. 
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The  upper  part  of  the  boiler  Is  beH  made  bemlfphe- 
rlcal,  for  refifting  the  elafticity  of  the  Steam  ; yet  any 
other  form  may  doj  provided  it  be  of  fufficient 
ftrength  for  the  purpofe.  The  quick  going  of  the 
engine  depends  much  on  the  capacioufnefs  of  the 
boiier-top  ; for  if  it  be  too  fmall,  it  requires  the  Steam 
to  be  heated  to  a great  degree,  to  increafe  its  elaific 
force  fo  much  as  to  work  the  engine.  If  the  top  is  fo 
capacious  as  to  contain  eight  or  ten  times  the  quantity 
of  Steam  ufed  each  flroke,  it  will  require  no  more  lire 
to  preferve  its  elajticity  than  is  fufficient  to  keep  the 
water  in  a proper  uate  of  boiling  ; tnis,  therefore,  is 
the  befl  fize  for  a boiler  top.  If  the  diameter  of  the 
cylinder  e and  works  a fix-foot  ibokC)  and  the 
diameter  of  the  boiler  be  fuppofed  hi  then 

2COe^  or  h ■=.  ^/200e^.' 

The  effedf  of  the  injection  in  condenfing  the  Steam 
in  the  cylinder,  depends  upon  the  height  of  tiic  refer- 
voir  and  the  diameter  of  the  adjutage.  If  the  engine 
makes  a 6 feet  broke,  then  tbejackhead  cibern  ffioiild 
be  12  feet  perpendicular  above  the  bottom  of  the  cy- 
linder or  the  adjutage.  The  bze  of  the  adjutage  may 
be  from  i to  2 inches  in  diameter  ; or  if  the  cylinder 
be  very  large,  it  is  proper  to  have  three  or  four  holes 
rather  t^lian  one  large  one,  in  order  that  the  jet  may’^  be 
difperfed  the  more  effedfually  overtire  whole  area  of  the 
cylinder.  The  injection  pipe,  or  pips  of  condudf, 
IhoLiId  be  io  large  as  to  fupply  the  injedlion  freely  with 
Water  ; if  the  diameter  of  the  injedlion  pipe  be  calledy), 
and  the  diameter  of  the  adjutage,  then  — p'^y 
and  ox  a \p^ 

For  a further  account  of  thefe  engines,  fee  Defagii- 
liers’s  Exp.  Philof.  vol.  2,  fe£i.  rq,  pa. 
for  an  abbraa,  Martin’s  Phil.  Brit,  number  461,  or 
Nicholfon’s  Nat.  Philof.  p.  83  &c.  And  for  an  account 
of  the  improvement  made  in  the  fire-engine  by  Mr. 
Payne,  fee  Philof.  Tranf.  number  461,  or  Martin’s 
Philof,  Brit.  p.  87  &c. 

Mr.  Blakey  communicated  to  the  Royal  Society,  in 
1732,  remarks  on  the  bell  proportions  for  Steam-en- 
gine cylinders  of  a given  content  : and  Mr.  Smeaton 
deferibes  an  engine  of  this  kind,  invented  by  Mr,  De 
Moura  of  Portugal,  being  an  improvement  of  Sayery’s 
eonbrudtion,  to  render  it  capable  of  working  itfelf : 
for  both  which  accounts,,  fee  Philof.  Tranf.  vol.  47 
art.  29  and  72. 

We  are  informed  in  the  new  edit,  of  the  Biograph. 
Brit,  in  the  article  Brindley,  that  in  1 7 ^'6  this  gentle- 
man, fo  w-ell  known  for  his  concern  in  our  inland  navi- 
gations, undertook  to  eredl  a Steam-engine  near  New- 
cable-under-Line,  upon  a new  plan.  The  boiler  of  it 
was  made  with  brick  and  bone,  inbead  of  iron  plates, 
and  the  w'ater  w'as  heated  by  iron  flues  of  a peculiar 
eonftiiKtlion  ; by  which  contrivances  the  confumption 
of  fuel,  neceffary  for  working  a Steam  engine,  was 
reduced  one  half.  He  introduced  alfo  in  his  engine, 
wooden  cylinders,  made  in  the  manner  of  cooper’s 
ware,  inbead  of  iron  ones  the  form.er  being  both 
cheaper  and  more  eafily  managed  in  the  ffiafts  : and  he 
likewife  fubbituted  wood  for  iron  in  the  chains  wffiich 
worked  at  the  end  of  the  beam.  He  had  formed  de- 
of  introducing  other  improvements  into  the  con- 
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ftrudlion  of  this  ufeful  engine  ; but  w’as  difeouraged  by 
obftacles  that  w^ere  thrown  in  his  w^ay. 

Mr.  Blakey,  fome  years  ago,  obtained  a patent  for 
his  improvement  of  Savery’s  Steam-engine,  by  wdiicl^ 
it  is  excellently  adapted  for  raifing  water  out  of  ponds, 
rivers,  w^ells,  &c,  and  for  forcing  it  up  to  any  height 
w^anted  for  fupplying  houfes,  gardens,  and  other 
places  ; though  it  has  not  pow'’er  fufficient  to  drain  off 
the  water  from  a deep  mme.  The  principles  of  bis' 
conbrudlion  are  explained  by  Mr.  Fergufon,  in  the 
Supplement  to  his  Le6lures,  pa.  19  » ^*^d  a more  par- 
ticular defeription  of  it,  accompanied  wuth  a drawing,, 
is  given  by  the  patentee  himfelf  in  the  Gentleman’s 
Magazine  for  1769,  p.  39 “• 

Mr.  Blakey,  it  is  faid,  is  the  firb  perfon  wffio  ever 
thought  of  niaXing  ufe  of  air  as  an  intermediate  body 
between  Steam 'and  water  ; by  which  means  the  Steam 
is  always  kept  from  touching  the  water,  and  confe- 
quently  from  being  condenfed  b}’’  it : and  on  this  new 
principle  he  has  obtained  a patent.  The  pigine  may 
be  built  at  a tribing  expence,  in  comparifon  of  the 
common  fire-engine  now  in  ufe  j it  wull  ieldom  need 
rcpaiis,  and  will  not  confume  half  fcj  much  fuel.  _ And 
as  it  has  no  pumps  with  pibons,  it  is  clear  of  all  their 
fridion  ; and  the  effed  is  equal  to  the  whole  ftrength' 
or  compreffive  force  of  the  Steam  , which  the  effed  of 
the  common  fire-engine  never  is,  on  account  of  the' 
great  fridion  of  the  pibons  in  their  pumps. 

Ever  fince  Mr.  Nevvxomen’s  invention  of  the  Steams 
fire  engine,  the  great  confumption  of  fuel  with  which 
it  is  attended,  has  been  complained  of  as  an  immenfe 
drawback  upon  the  profits  of  our  mines.  It  is  a 
known  fad,  that  every  fire-engine  of  confiderable  fize 
confumes  to  the  amount  of  three  thoufand  pounds 
w^orth  of  coals  in  every  year.  Hence  many  of  our 
engineers  have  endeavoured,  in  the  conbrudtion  of  thefe 
engines,  to  fave  fuel  For  this  purpofe,  the  fire-plac<^ 
has  been  diminiilied,  the  flame  has  been  carried  round 
from  the  bottom  of  the  boiler  in  a fpiral  diredion,  and 
conveyed  through  the  body  of  the  water  in  a tube  be- 
fore its  arrival  at  the  chimney  ; fome  have  ufed  a double 
boiler,  fo  that  fire  might  ad  in  every  poffible  point  of 
contad  ; and  fome  have  built  a moor-bone  boiler,  heatr 
ed  by  three  tubes  of  flame  paffing  through  it.  But 
the  moll  important  improvements  which  have  been 
made  in  the  Steam-engine  for  more  than  thirty  years., 
pab,  we  owe  to  the  bcill  of  Mr.  James  Watt  ; of 
which  we  fliall  give  fome  account  t premifing,  that  the. 
internal  brudure  of  his  new  engines  fo  much  refembles. 
that  of  the  common  ones,  that  thofe  who  are  acquaint- 
ed with  them  will  not  fail  to  underftand  the  mechaiiifm> 
of  his  from  the  following  defeription.:  he  has  contrived, 
to  obferve  an  uniform  heat  in  the  cylinder  of  his  en- 
gines, by  fuffering  no  cold  water  to  touch  It,  and  by 
proteding  it  from  the  air,  or  other  cold  bodies,  by  a. 
furrounding  cafe  filled  with  Steam,  or  with  hot  air  or 
water,  and  by  coating  It  over  with  fubftances  that  tranB 
mit  heat  flowly.  He  makes  his  vacuum  to  approach, 
nearly  to  that  of  the  barometer,  by  condenfing  the 
Steam  in  a feparate  veffel,  called  the  condenfer,  which, 
may  be  cooled  at  pleafure  without  cooling  the  cylinder,, 
either  by  an  injedion  of  cold  water,  or  by  furrounding^ 
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ttie  condenfei*  wJth  I't,  and  generally  by  both.  He 
extrads  the  injeaion  water,  and  detached  air,  from  the 
Cylinder  or  yondenfer  by  pumps,  which  are  wrought  by 
the  engine  itfelf,  or  blows  them  out  by  the  Steam.  As 
the  entrance  of  air  into  the  cylinder  would  hop  the 
'operation  of  the  engines,  and  as  it  is  hardly  to  be  ex- 
pcdled  that  fuch  enormous  piftons  as  thofe  of  Steam- 
engines  can  move  up  and  down,  and  yet  be  abfolutely 
tight  in  the  tbmmon  engines  5 a ftream  of  water  is 
kept  always  running  upon  the  pifton,  which  prevents 
the  entry  of  the  air  : but  this  mode  of  fecuring  the 
pifton,  though  not  hurtful  in  the  common  ones,  would 
-be  highly  prejudicial  to  the  new  engines.  Their  pif- 
fton  IS  therefore  made  more  accurately  ; and  the  outer 
cylinder,  havn'ng  a lid,  covers  it,  the  Steam  is  introduced 
above  the  pifton  ; and  when  a vacuum  is  produced 
under  it,  adts  upon  it  by  its  elafticity,  as  the  atmo- 
fphere  does  upon  common  engines  by  its  gravity. 
This  way  of  working  effedfually  excludes  the  air 
frorn  the  inner  cylinder,  and  gives  the  advantage  of 

adding  to  the  power,  by  increafing  the  elallicUy  of 
the  Steam. 

In  Mr.  \V  att’s  engines,  the  cylinder,  the  great 
beams,  the  pumps,  &c,  ftand  in  their  ufual  pofitions. 
The  cylinder  is  fmaller  than  ufual,  in  proportion  to 
the  load,  and  is  very  accurately  bored. 

In  the  moft  complete  engines,  it  is  furrounded  at  a 
fmall  didance,  witli  another  cylinder,  furnifhed  with  a 
bottom  and  a lid.  1 he  interdice  between  the  cylinders 
communicates  with  the  boilers  by  a large  pipe,  open  at 
both  ends  ; fo  that  it  is  always  filed  with  Steam,  and 
thereby  maintains  tne  inner  cylinder  always  of  the 
fanK  heat  with  the  Steam,  and  prevents  any  condenfa- 
tion  Within  it,  which  would  be  more  detrimental  than 
an  equal  co«idenfatlon  in  the  outer  one.  The  inner  cy- 
linder has  a bottom  and  pifton  as  ufual ; and  as  it  does 
not  reach  up  quite  to  the  lid  of  the  outer  cylinder,  the 
bteam  in  the  inter ftice  has  always  free  accefs  to  the 
upper  fide  of  the  pifton.  i he  lid  of  the  outer  cylinder 
has  a hole  in  its  middle  ; and  the  pifton  rod,  which  is 
truly  cylindrical,  moves  up  and  down  through  that  hole, 
which  is  kept  Steam-tight  by'  a collar  of  oakum  ferewed 
down  upon  it.  At  the  bottom  of  the  inner  cylinder, 
there  are  two  regulating  valves,  one  of  which  admits 
the^  Steam  to  pafs  from  the  interftice  into  the  inner 
cylinder  below  the  pifton,  or  (huts  it  out  at  pleafure  : 
the  other  opens  or  (huts  the  end  of  a pipe,  which  leads 
to  the  condenfer.  The  condenfer  confifts  of  one  or 
more  pumps  furniftied  with  clacks  and  buckets  (nearly 
the  fame  as  in  common  pumps)  which  are  wrought  by 
chains  faftened  to  the  great  working  beam  of  the  en- 
gine. The  pipe,  which  comes  from  the  cylinder,  is 
joined  to  the  bottom  of  thefe  pumps,  and  the  whole 
condenfer  (lands  immerfed  in  a ciftern  of  cold  water 
fuppLed  by  the  engine.  The  place  of  this  ciftern  is 
cither  within  the  houfe  or  under  the  floor,  between  the 
cylinder  and  the  lever  wall;  or  without  the  houfe  be- 
tween that  wall  and  the  engine  (haft,  as  convenicncy 
may  require.  The  condenfer  being  exhaiifted  of  air 
by  blowing,  and  both  the  cylinders  being  filed  with 
Steam,  tne  regulating  valve  which  admits  the  Steam 
into  the  inner  cylinder  is  fliut,  and  the  other  regulator 
which  communicates  with  the  condenfer  is  opened,  and 
tvhe  Steam  rufhes  into  the  vacuum  of  the  condenfer  with 


violence  : but  there  it  comes  into  contad  with  the  cold* 
fides  of  the  pumps  and  pipes,  and  meets  a jet  of  cold 
water,  which  was  opened  at  the  fame  time  with  the 
exhaitftion  regulator;  thefe inftantly  deprive  it  of  itsheatd 
and  reducejt  to  water  ; and  the  Vacuum  remaining  per- 
fedt,  more  Steam  Continues  to  rufti  in,  and  be  condenfed. 
until  the  inner  cylinder  be  exhaufted*  Then  the  Steam 
which  13  above  the  pifton,  ceaf  ng  to  be  counteraded  by 
that  which  was  below  it,  aas  upon  the  pifton  with 
Its  whole  elafticity,  and  forces  it  to  defeend  to  the  bot- 
tom of  the  ^ cylinder,  and  fo  raiies  the  buckets  of  tlic 
pumps  which  are  hung  to  the  other  end  of  the 
beam.  The  exhauftion  regulator  is  now  (hut,  and  the 
Steam  one  opened  again,  which,  by  letting  in  the 
Steam,  allows  the  pifton  to  be  pulled  up  by  the  fiperior 

V eight  of  the  pump  rods  ; and  io  the  engine  is  ready 
for  another  ftroke.  ^ 

But  the  nature  of  Mr.  Watt’s  improvement  will  be  per- 
haps better  underftood  from  the  following  defeription  of 
It  as  referred  to  a fgUre. — The  cylinder  or  Steam  veffel 
A,  of  this  engine  (fig.  5,  p]._  27) , is  fnut  at  bottom  and 
opened  at  top  as  ulual  ; and  is  included  in  an  outer  cv- 
linaer  or  cafe  BB,  of  Wood  or  metal,  covered  with  m 1- 
terials  which  traufiiit  heat  fowly.  This  cafe  is  at'a 
fmall  diftailce  from  the  cylinder,  and  clofe  at  both  ends. 

1 he  cover  C has  a hole  in  it,  through  which  the  pifton 
1 od  B Hides  ; and  near  the  bottom  is  another  hole  F, 
by  which  the  Steam  from  the  boiler  has  always  free 
pitrance  into  this  cafe  or  outer  cylinder,  and  by  the 
interftice  GG  between  the  two  cylinders  has  accefs  to 
the  upper  fide  of  the  pifton  HH.  To  the  bottom  of  the 
inner  cylinder  A is  joined  a pipe  I,  with  a cock  or 
vaive  K,  which  is  opened  and  (hut  when  neceffary,  and 
forms  a paftage  to  another  veffel  L called  a Condenfer, 
made  of  thin  metah  T.  his  velfel  is  immerfed  in  a ciftern 
M full  of  cold  water,  and  it  is  Contrived  fo  as  to  ex- 
pofe  a very  great  furfaCe  externally  to  the  water,  and 
ihteiiially  to  the  Steam.  It  is  alfo  made  air-tight,  and 
has  pumps  N wrought  by  the  engine,  which  keep  it  al- 
ways exhaufted  of  air  and  water. 

Both  the  cylinders  A and  BB  being  filled  with  Steam, 
the  paffage  K is  opened  from  the  inner  one  to  the  con- 
denfer  L,  into  which  the  Steam  violently  rufhes  by  its 
elafticity,  becaufe  that  vcifel  is  exhaufted  ; but  as  Toon 
as  It  enters  it,  comipg  into  contadl  with  the  cold  matter 
of  the  condenfer,  it  is  reduced  to  Water,  and,  the  va- 
cuum ftill  remaining,  the  Steam  continues  to  rufti  in  till 
the  inner  cylinder  A below  the  pifton  is  left  empty.  The 
Steam  which  is  above  the  pifton,  ccafing  to  be  counter- 
^ted  by  that  which  is  below  it,  aCts  upon  the  pifton 
FiH,  and  forces  it  to  defeend  to  the  bottom  of  the  cy- 
linder, and  fo  raifes  the  bucket  of  the  pump  by  meams 
ot  the  lever.  The  paffage  K between  the  inner  cyliii^ 
der  and  the  condenfer  is  then  ftiut,  and  another  paffao-e 
O IS  opened,  which  permits  the  Steam  to  pafs  from  the 
outer  cylinder,  or  from  the  boiler  into  the  inner  cvliii- 
der  under  the  pifton  ; and  then  the  fupcrior  weight  of 
the  bucket  and  pump  rods  pulls  down  the  outer  end  of 
the  lever  or  great  beam,  and  raifes  the  pifton,  which  is 
fulpended  to  the  inner  end  of  the  fame  beam. 

The  advantages  that  accrue  from  this  conftruaicn 
are,  firft,  that  the  cylinder  being  furrounded  with  the 
Steam  from  the  boilei , it  is  kept  always  uniformly  as  hot 
as  the  Steam  itfelf,  and  is  therefore  incapable  of  deftroy- 
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iiiir  any  part  of  the  Steam,  which  fno-ald  fill  it,  as  t.ie 
common  engines  do.  Secondly,  the  condcnSei  being 
kept  always  as  cold  as  \Nater  can  be  prociirec,  and 
colder  than  the  point  at  which  it  boils  in  vacuCy  the 
Steam  is  perfedlly  condenfed,  and  docs  not  oppOi.e  the 
defcent  of'  the  piilon  ; wliicii  is  therefore  iovccu  down 
by  the  full  power  of  the  Steam  from  the  boiler,  whicu 
is  fomewhat  greater  than  that  of  the  atmoiphere.  ^ 

In  the  common  iire-engines,  when  they  are  loaned  to 
-1  nonnds  upon  the  inch,  and  are  of  a middle  h/.e,  the 
quantitv  ol  Steam  which  is  condenfed  in  rejionng  to 
the  cylinder  the  heat  which  it  had  lieen  deprived  of  bv 
the  former  injection  of  cold  water,  is  about  one  rull  of 
the  cvlinder,  befides  what  it  really  required^  to  fill  that 
veffel';  fo  that  twice  the  full  of  the  cylinder  is  employed 
to  make  it  raiie  a column  of  water  equal  to  about  7 
ponudsfor  each  fquare  inch  of  the  piilon  : or,  to  tmee 
it  more  nmply,  a^cubic  foot  of  Steam  raifes  cubic 
foot  of  water  about  S feet  high,  befdes  overcoming  the 
frisftion  of  the  engine,  and  the  refillance  of  the  water 

to  motion.  _ r u 1 r n 

In  the  improved  engine,  about  one  full  and  a tourth 

of  the  cylinder  is  required  to  fill  it,  becaiife  the  Steam 
is  one-fourth  more  denfe  than  in  the  common  engine. 
This  engine  raifes  a load  equal  to  12  pounds  and^a  half 
upon  the  fquare  inch  of  the  piilon  ; and  each  cubic  foot 
of  Steam  of  the  clenfity  of  the  atmofphere,  raifes  one 

cubic  foot  of  water  22  feet  high. 

The  working  of  thefe  engines  is  more  regular  and 
ileady  than  the  common  ones,  and  from  vrhat  has 
been  faid,  their  other  advantages  feem  to  bo  very 
confiderable. 

It  is  faid,  that  the  favings  amount  at  lealt  to  two 
thirds  of  the  fuel,  which  is  an  important  objeft, 

^lally  where  coals  are  dear.  The  new  engines  will 
I'aife  from  twenty  thoufand  to  twenty-four  thouiand  cu- 
bic feet  of  water,  to  the  height  of  twenty-four  feet  by 
one  hundred  weight  of  good  pit  coal  ? and  IVlr.  Watt 
has  propofed  to  produce  engines  upon  the  fame  princi- 
ples, though  fomewhat  differing  in  conflru.aion,  wlucii 
will  require  flill  much  lefs  fuel,  and  be^more  convenient 
for  the  purpofes  of  mining,,  than,  any  kind  of  ennme  yet 
ufed.  Mr.  Watt  has  alfo  contrived  a kind  of  mill  wheei, 
which  turns  round  by  the  power  of  Steam  exerted 

within  it.  • i v. 

The  improvements  above  recited  w^ere  invented  by 

Mr.  James  Watt,  at  Giargow,  in  Scotland,  in  1764  : 
he  obtained  the  king’s  letters  patent  ^ ^ 

of  his  invention  in  1768  ; but  meeting  with  difiiculties 
in  the  exeedtion  of  a large  machine,  and  being  .other- 
wife  employed,  he  laid  afide  the  undertaking  till  the 
vear  1774?  when,  in  conjundlion  with  Mr.  Boulton 
near  Birmingham,  he  completed  both  a reciprocating 
and  rotative  or  wheel  engine.  He  then  applied  to  pndia- 
inen-t  for  a prolongation  of  the  term  of  his  patent,  which, 
■was  granted  by  an  ad  paffed  in  1775-  th^  time, 

Mr.  Watt  and  Mr.  Boulton  have  ereded  feveral  engines 
in  Staffordfiiire,  ShropOiire,  and  Warwickfhire,  and 
a fraall  one  at  Stratford  near  London.  They  have  alio 
lately  finhhed  another  at  Hawkefbury  colliery  near 
Coventry,  which  is  juflly  fnppofed  to  be  the  molt 
powerful  engine  in  England.  It  has  a cylinder  50 
inches  in  diameter,  which  works  a pump  14  inches  in 
diameter,  65  fathoms  high,  and  makes  regularly  twelve 


ffrokes,  each  8 feet  long,  in  a minute.  They  have  aL 
fo  ereded  feveval  engines  in  Cornwall  ; one  of  which 
has  a cylinder  c^o  inches  in  diameter,  that  works  a 
pump  62  inches  in  diameter  in  two  (hafts,  by  flat  rods 


with  great  fridion,  300  feet  dillant  from  each  other,. 
47  fatlioms  high  in  each  fnaft,  equal  in  all  to  90  fa- 
thoms, and  can  make  14  ffrokes,  8 feet  long,  in  a mi- 
nute, with  a confumption  of  coals  lefs  than  20  buffiels 
in  24  hours.  The  terms  they  offer  to  the  public  are,  to 
take  in  lieu  of  all  profits,  one  third  part  of  the  annual 
favings  in  fuel,  which  their  engine  makes  when  com- 
pared v/ith  a common  engine  of  the  fame  dimenfious. 
in  the  neighbourhood.  The  engines  are  built  at  the- 
expence  of  thofe  w^ho  life  them,  and  fVleffis.  Boulton.- 
and  Watt  furnifn  fuch  drawings,  diredions,  and  aU 
tendance,  as  may  be  neceiTary  to  enable  a.refident  eng;-.- 
neer  to  complete  the  machine.  See  the  appendix  to. 
Pi  ■yce’s  Mineralogia,  See,  1778- 

it  has  been  faid  that  fome  iifefLil  improvements  have- 
been  made  In  the  Steam  engine  by  Mr.  Willianv 
Powel,  who  had  lately  the  diredion  and  care  of  an  en- 
gine of  this  kind  at  a colliery  near  Swaniea,  in  Glamor- 
ganfnire. 

It  is  hardly  neceffary  to  add,  that  Dr.  ralck,  in 
1776,  publifhed  an  account  and  defeription  of  an  im- 
proved Steam-engine,  which,  as  he  fays,  will,,  with 
the  fame  quantity  of  fuel,  and  in  an  equal  fpace^  of 
time,  raife  above  double  the  quantity  of  water  railed 
by  any  lever  engine  of  the  lame  dimenfions  as  he  does, 
not  feem  to  have  conffruded  even  a working  model  of 
his  propofed  engine.  The  principal  improvement, 
however,  which  he  ftiggefts,,  is  to  life  two  cylinders  7 
into  w'hich  the  Steam  is  let  alternately  to  afeend,  by  a 
common  regulator,  which  always  opens  the  communi- 
cation of  the  Steam  to  one,  wkilil  it  (huts  up  the  open- 
ing of  the  other:  the  pifton  rods-  are  kept  (by  means 
of  a wheel  fixed  to  an  arbour)  in  a continual  afcending 
and  defcending  motion,  by  which  they  move  the  com- 
mon arbour,  to  which  is  affixed  another  wheel,  moving 
the  pump  rods,  in  the  fame  alternate,  diredion  as  the: 
piilon  rods,  by  which  continual  motion  the  pumps  aie 
kept  in  conffant  adion. 

STEELYARD,  or  Stil.yard,  in  Mechanics,  a- 
kind  of  balance,  called  alfo,  Sta:Q’'a  Ixomano-y  or  the- 
I^omaw  Balance^  by  means  of  vrhich  the  weights  of 
different  bodies  are  dffcovered  by  ufing  one  lingl®' 
weight  only. 


ini||i|i|ii«f;i4l?rin!lllilliybllMiMi^^ 


TliC  common  Steelyard  confffts  of  an  iron  beam  AB, 

in 
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in  whicli  is  aiTumed  a point  at  pleafure,  as  C,  on  which  is 
i-aired  a perpendicular  CD.  Cn  the  lliorter-arm  AC  is 
hung  a fcale  or  bafon  to  receive  the  bodies  weighed  ; 
the  moveable  weight  I is  (liifted  backward  and  forward 
on  the  beam,  till  it  be  a counterbalance  to  i,  2,  3,  4, 
See  pounds  placed  in  the  fcale  ; and  the  points  are  noted 
where  the  conftant  weight  I weighs,  as  i,  2,  3,  4,  See 
pound?.  From  this  conftruclion  of  the  Steelyard,  the 
manner  of  ufing  it  is  evident.  But  the  iiillrument  is 
very  liable  to  deceit,  and  therefore  is  not  much  iifed  in 
ordinary  commerce. 

Chinefe  Steelyard.  The  Chinefe  carry  thls-Sta- 
tera  about  them  to  weigh  tlieir  gems,  and  other  things 
of  value.  The  beam  or  yard  ts  a fmall  rod  of  wood  or 
ivory,  about  a foot  in  length  : upon  this  are  three  rules 
of  meafure,  made  of  a hue  filver-lhidded  work  ; they 
all  begin  from  the  end  of  the  beam,  whence  the  tiril  is 
extended  8 Inches,  the  fecond  6^,  the  third  The 
firlt  is  the  European  meafure,  the  other  two  leem  to 
be  Chinefe  meafures.  At  the  other  end  of  the  yard 
banp’s  a round  fcale,  and  at  three  feveral  dillanccs  from 
this  end  are  failened  fo  many  (lender  ftrings,  as  differ- 
ent points  of  fufpenfion.  The  firll  dillance  makes 
if  or  of  an  inch,  the  fecond  3-!  or  double  the  firlf, 
and  the  third  4‘f  or  triple  of  the  lirll.  When  they 
weigh  any  thing,  they  hold  up  the  yard  by  fome  one  of 
thefe  llrings,  and  hang  a fealed  weight,  of  about 
l^oz  troy  weight,  upon  the  refpc6live  divifions  of  the 
rule,  as  the  thing  requires.  Grew’s  Mufeum,  pa.  369. 

Spring  Steelyard,  is  a kind  of  portable  balance, 
fervmg  to  weigh  any  matter,  from  i to  about  40 
pounds. 

It  is  compofed  of  a brafs  or  iron  tube,  into  which 
goes  a rod,  and  about  that  is  wound  a fpring  of  tempered 
lleel  in  a fpiralform.  On  this  rod  are  the  divifions  of 
pounds  and  parts  of  pounds,  which  are  made  by  fuccef- 
fively  hanging  on,  to  a hook  faftened  to  the  other  end, 
I,  2,  3,  4,  &c,  pounds. 

Now  tlie  fpring  being  faffened  by  a ferew  to  the  bot- 
tom of  the  rod  ; the  greater  the  weight  is  that  is  hung 
upon  the  hook,  the  more  will  the  fpring  be  contvafled, 
and  confequently  a greater  part  of  the  rod  will  come 
out  of  the  tube  ; the  proportions  or  quantities  of  wliich 
greater  weights  are  indicated  by  the  figures  appearing 
againll  the  extremity  of  the  tube. 

Steelyard  In  the  Philof.  Tranf.  (no.  4^^^, 

feft.  5)  given  an  account  of  a Steelyard  fwing,  pro- 
pofed  as  a mechanical  method  for  alTifting  children  la- 
bouring under  deformities,  owing  to  the  contraAion  of 
the  mufcles  on  one  fide  of  the  body.  The  crooked 
perfon  is  fufpended  with  cords  under  his  arm,  and  thefe 
are  placed  at  equal  diftauces  from  the  centre  of  the 
beam.  It  is  fuppofed  that  the  gravity  of  the  body  will 
affeA  the  contradled  fide,  fo  as  to  put  the  mufcles  upon 
the  hretch  ; and  hence  by  degrees  the  defeA  may 
be  remedied. 

STEEPLE,  an  appendage  tifually  ralfed  on  the 
wedern  end  of  a church  to  contain  the  bells. — Stee- 
ples are  denominated  from  their  form,  either^/' rej,  or 
tonjLers.  The  firll  are  fuch  as  rife  continually  diminifh- 
ing  like  a cone  or  other  pyramid.  The  latter  are  mere 
parallelopipedons,  or  fome  other  prifm,  and  are  covered 
top  platform  dike. — In  each  kind  there  is  ufually^a 


fort  of  .windows,  or  loop-holes,  to  let  out  the  found, 
and  fo  contrived  as  to  throw  it  downward. 

Ma  fills,  in  his  treatife  on  bells,  treats  like  wife  of 
Steeples.  The  moil  remarkable  in  the  world,  it  is  faid, 
is  that  at  Ptfa,  which  leans  fo  much  to  one  fide,  that 
you  fear  every  moment  it  will  fall  ; yet  is  in  no  danger. 
This  odd  difpofition,  he  obferves,  is  not  owing  to  a 
(hock  of  an  earthquake,  as  is  generally  imagined  ; but 
was  contrived  fo  at  firft  by  the  architeA  ; as  is  evident 
from  the  cielings,  windows,  doors,  &c,  which  are  all 
in  the  bevel. 

STEERAGE,  in  a flilp,  that  part  next  below  the 
quarter-deck,  before  the  bulk-head  of  the  great  cabin, 
where  the  lleerfman  Hands  in  moil  fliips  ol  war.  In 
large  fliips  of  war  it  is  iiled  as  a hall,  through  which  it 
is  necedary  to  pafs  to  or  from  the  great  cabin.  In 
merchant  (hips  it  is  moftly  the  habitation  of  the  lower 
officersand  (hip’s  crew. 

Steerage,  in  Sea-language,  is  alfo  11  fed  to  exprefs 
the  effort  of  the  helm  : and  hence 

STEERAGE-wuy  IS  that  degree  of  progreffive  motioa 
communicated  to  a Ihip,  by  which  flie  becctnes  fufeep- 
tible  of  tbeeffeA  of  the  helm  to  govern  her  courfe. 

STEERING,  in  Navigation,  the  art  of  direAing 
the  (hip’s  way  by''  the  movements  of  the  helm  ; or  of 
applying  its  efforts  to  regulate  her  courfe  when  fhe  ad- 
vances. 

The  perfeAion  of  Steering  confids  in  a vigilant  at- 
tention to  the  motion  of  the  fliip’s  head,  fo  as  to  check 
every  deviation  from  the  line  of  her  courfe  in  the  firll  in- 
11  ant  of  its  motion  ; and  in  applying  as  little  of  the 
power  of  the  helm  as  pofhbie.  By  this  means  Ihe  will 
run  more  uniformly  in  a llraight  path,  as  declining  lefs 
to  the  right  and  left  ; whereas,  If  a greater  effort  of  the 
helm  be  employed,  it  will  produce  a greater  declination 
from  the  courfe,  and  not  only  increafe  the  diiFiculty  of 
Steering,  but  alfo  make  a crooked  and  irregular  path 
through  the  water. 

The  helmfman,  or  lleerfman,  flioiild  diligently  watch 
the  movements  of  the  head  by  the  land,  clouds,  moon, 
or  liars  ; becaufe,  although  the  courfe  is  in  general  re- 
gulated by  the  compafs,  y^et  the  vibrations  of  the  needle 
are  not  fo  quickly’  perceived,  as  the  failles  of  the  Dtip’s 
head  to  the  right  or  left,  which,  if  not  immediately  re- 
Itrained,  will  acquire  additional  velocity  in  every  Inilant 
of  their  motion,  and  require  a more  powerful  impulfe  of 
the  helm  to  reduce  them  ; the  application  of  which 
v/IIl  operate  to  turn  her  head  as  far  on  the  contrary 
fide  of  her  courfe. 

The  phrafes  ufed  in  Steering  a Ihip,  vary  according  to 
the  relation  of  tlie  wind  to  her  courie.  Thus,  W'hen  the 
wind  is  large  or  fair,  the  phrafes  ufed  by  the  pilot  or  offi- 
cer who  fuperintends  the  Steerage,  arey>o/*/,;/?r/r/^o<2rr/,and 
Jteady  : thehrll  of  w'hich  is  intended  to  direA  the  fhipN 
courfe  farther  to  the  right  ; the  fecond  to  the  left  ; and 
the  lall  is  defigned  to  keep  her  exaAly  in  the  line  on 
which  (he  advances,  according  to  the  intended  courfe. 
The  excefs  of  the  hrll  and  fecond  movement  is  called 
hard- a party  and  hard-a-Jlarhoard : +he  former  of  which 
gives  her  the  greatell  poffible  inT  nation  to  the  right, 
and  the  latter  an  equal  tendency  lO  the  left. — If,  on 
the  contrary,  the  wind  be  leant  or  ffiul,  the  phrafes  are 
lujfy  thus,  and  noncarer  : the  firll  if  which  is  the  order 
to  keep  her  clcfe  to  the  wind  y the  fecond,  to  retain 
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her  In  licr  prefent  fituation  ; and  the  third,  to  keep 
her  fails  full. 

ST.  ELLA.  See  Star. 

SI  Ei\  1 OR  OP  HU  NIC  a Speaking  Trumpet^ 

or  tube  employed  to  fpeak  to  a perfon  at  a great  clif* 
tance.  It  has  been  fo  called  from  Stentor,  a perfon 
mentioned  in  the  5 th  book  of  the  Iliad,  who,  as  Homer 
t^Ils  us,  could  call  out  louder  than  men.  The 
Stentorophonic  horn  of  Alexander  the  Great  is  famous  j 
v/ith  this  it  is  faid  he  could  give  orders  to  his  army  at 
the  diftance  of  100  Iladia,  which  is  about  12  Englifh 
miles. 

The  prefent  fpeaking  trumpet  it  is  faid  was  invented 
by  Si  r Samuel  Moreland.  But  Derham,  in  his  Phyfico- 
T heology,  lib.  4,  eh.  3,  fays,  that  Kircher  found  out 
this  inllrument  20  years  before  Moreland,  and  publilhed 
it  in  his  Mefurgia  ; and  it  is  farther  faid  that  Gafpar 
Schottus  had  feen  one  at  the  Jefuits’  College  at  Rome. 
Alfo  one  Conyers,  in  the  Philof.  Tranf.  number  141, 
gives  a defeription  of  an  inllrument  of  this  kind,  dih 
ferent  from  thofe  commonly  made.  Gravefande,  in 
his  Philofop-hy,  difapproves  of  the  ufual  figures  of  thefe 
inllruments ; he  would  have  them  to  be  parabolic 
■conoids,  with  the  focus  of  one  of  its  parabolic  feclions 
at  the  mouth, — Concerning  this  inllrument,  fee  Stur- 
my’s  Collegium  Curiofum,  Pt.  2,  Teutam.  8 ; alfo 
Philof.  Tranf.  vol.  6,  pa.  3056,  vol.  12,  pa.  1027,  or 
Abridg.  vol.  I,  pa,  505-. 

S I EREOGR  APPIIC  Projtdlon  of  the  Sphere^  is 
that  in  which  the  eye  is  fuppofed  to  be  placed  in  the 
furface  of  the  fpliere.  Or  it  is  the  proje6lion  of  the 
circles  of  the  fphere  on  the  plane  of  fome  one  great  cir- 
cle, when  the  eye,  or  a luminous  point,  is  placed  in 
the  pole  of  that  circle.— For  the  fundamental  principles 
and  chief  properties  of  this  kind  of  projection,  fee 
Projection. 

STEREOGRAPHY,  is  the  art  of  drawing  the 
foi  ■ms  of  folids  upon  a plane, 

•STEVIN,  Stevinus  (Simon),  a Flemilli  mathe- 
matician of  Bruges,  who  died  in  1633.  He  was  mailer 
of  matncraatics  to  prince  Maurice  of  Nalfau,  and  in- 
Ipedlor  of  the  dykes  in  Holland.  It  is  faid  he  was  the 
inventor  of  the  failing  chariots,  fometimes  made  ufe  of 
in  Hollana.  He  was  a good  practical  mathematician 
and  mechanill,  p.nd  was  author  of  feveral  iifeful  works  : 
as,  treatifes  on  Arithmetic,  Algebra,  Geometry,  Sta- 
tics, Optics,  Prigonometry,  Geography,  Allronomy, 
Fortification,  and  many  others,  in  the  Dutch  language, 
which  were  tranllated  into  Latin,  by  Snellius,  and 
printed  in  2 volumes  folio.  There  are  alfo  two  editions 
in  the  Irench  language,  in  folio,  both  printed  at  Ley- 
den, tj^ie  One  in  1608,  and  the  other  in  ^634,  with 
curious  notes  and  additions,  by  Albert  Girard,— For 
a particular  account  ofStevin’s  inventions  and  improve- 
ments in  Algebra,  which  were  many  and  ingenious, 
fee  our  article  Algebra,  vol.  i,  pa.  82  and  83. 

Si  EWART  (the  Rev,  Dr.  Matthevv  ),  late 
profeflor  of  mathematics  in  the  univerfity  of  Edinburgh, 
v/as  the  fon  of  the  reverend  Mr,  Dugald  Stewart,  rni- 
riiller  of  Rothfay  in  the  Ifie  of  Bute,  and  was  born  at 
that  place  in  the  ye^ar  1717*  After  having  finilhed  his 
coLiile  at  the  grammar  fehool,  being  intended  by  his 
fatoer  foi’  the  church,  he  was  lent  to  the  univerfity  of 
OLlgow,  ail'd  .was  .entered  there  as  a fludent  in  JE734* 


His  academical  Euaies  were  profecuted  with  dlllgchce 
and  fuccefs  ; and  he  was  fo  happy  as  to  be  particularly 
diftinguilhed  by  the  friendfiiip  of  Dr.  Hutchefon,  and 
Dr.  Simfon  the  celebrated  geometrician,  under  whom 
he  made  great  progrefs  in  that  fclence. 

Mr.  Stewart^s  views  made  it  neceffary  for  him  to 
attend  the  ledtures  in  the  univerfity  of  Edinburgh  in 
1741.  ; and  that  his  mathematical  Rudies  might  fuffer 
no  interruption,  he  was  introduced  by  Dr.  Simfon  to 
Mr.  Maclaurin,  who  was  then  teaching  with  fo  much 
fuccefs,  both  the  geometry  and  the  philofophy  of  Ne\v- 
ton,  and  under  whom  Mr.  Stew^art  made  that  proficiency 
which  was  to  be  expeHed  from  the  abilities  of  fuch  3 
pupil,  directed  by  thofe  offo  great  amafier.  But  the 
modern  analyfis,  even  when  thus  powerfully  recom- 
mended, was  not  able  to  withdraw  his  attention  from 
the  relifli  of  the  ancient  geometry,  which  he  had  im- 
bibed under  Dr.  Simfon.  He  ftill  kept  up  a regular 
correfpondence  with  this  gentleman,  giving  him  an 
account  of  his  progrefs,  and  of  his  difeoveries  in  geome- 
try, wTich  were  now  both  numerous  and  important, 
and  receiving  in  return  many  cinious  communications 
with  refpea  to  the  Loci  Plani,  and  the  Porifms  of 
Euclid.  Mr.  Stewart  purfiied  this  latter  fubjedf  in  a 
different,  and  new  direction.  In  doing  10,  he  was  led 
to  the  difeovery  of  thole  curious  and  interefting  propo- 
litions,  which  were  publifhed,  under  the  title  of  General 
Pheoremsy  in  1746.  They  were  given  without  the 
demo  nil  rat  ions  ; but  they  did  not  fail  to  place  their 
difeoverer  at  once  among  the  geometricians  of  the  firll: 
rank.  T hey  are,  for  the  moll  part,  Poriims,  though 
Mr.  Stewart,  careful  not  to  anticipate  the  difeoveries 
of  his  friend,  gave  them  only  the  name  of  Theosrems. 
They  are  among  the  moft  beautiful,  as  well  as  moll: 
general  propofitioiis,  known  in  the  whole  compafs  of 
geometry,  and  are  perhaps  only  equalled  by  the  re- 
markable locus  to  the  circle  in  the  fecond  book  of 
A.pollonius,  or  by  the  celebrated  theorem  of  xMr.  Cores. 

Such  is  the  hiftory  of  the  invention  of  thefe  propo- 
fitions  5 and  the  occafion  of  the  publigation  of  them 
Mms  as  follows.  Mr.  Stewart,  while  engaged  in  them, 
had  entered  into  the  church,  and  become  miniller  of 
Rofeneath.  It  was  in  that  retired  and  romantic  fitua- 
tion,  that  he  difeovered  the  greater  part  of  thofe  theo- 
rems. In  the  fnmmer  of  1746,  the  mathematical  chair 
in  the  univerfity  of  Edinburgh  became  vacant,  by  the 
death  of  Mr.  Maclaurin.  The  General  Theorems  had 
not  yet  appeared,*  Mr.  Stewart  was  known  only  to  his 
friends;  and  the  eyes  of  the  public  were  naturally  turned 
on  Mr.  Stirling,  who  then  relided  at  Leadhills,  and 
who  was  well  known  in  the  mathematical  world.  He 
however  declined  appearing  as  a candidate  for  the  vacant 
chair  ; and  feveral  others  were  named,  among  whom 
was  Mr.  Stewart,  Upon  this  occafion  he  printed 
the  General  Pheorernsy  which  gave  their  author  a de- 
cided fuperiority  above  all  the  other  candidates.  He 
was  accordingly  eledled  profeflor  of  mathematics  in  the 
univerfity  of  Edinburgh,  in  September  1747. 

The  duties  of  this  office  gave  a turn  fomewhat  dif- 
ferent to  his  mathematical  purfuits,  and  led  him  to 
think  of  the  moft  fimple  and  elegant  means  of  explain- 
ing thofe  difficult  propofitions,  which  were  hitherto 
only  acctflible  to  men  deeply  verfed  in  the  modern  ana- 
lyfis, In  doing  this,  he  was  purfuing  the  objcdl  which, 
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©r  all  otliers,  he  mofl  ardently  v/Iflied  to  attain,  viz, 
the  application  of  geometry  to  fuch  problems  as  the 
algebraic  calculus  alone  had  been  thought  able  to  re- 
f(dve.  His  foliition  of  Kepler’s  problem  vi^as  the  firft 
fpccimen  of  this  kind  which  he  gave  to  the  world  ; and 
it  was  perhaps  impofTible  to  have  produced  one  more 
to  the  credit  of  the  method  he  followed,  or  of  the 
abilities  with  which  he  applied  it.  Among  the  ex- 
cellent folutions  hitherto  given  of  this  famous  problem, 
there  were  none  of  them  at  once  diredl;  in  its  method,, 
and  fimple  in  its  principles.  Mr.  Stewart  was  fo  happy 
as  to  attain  both  thefeobjeds.  He  founds  his  foliition 
on  a general  property  of  curves,  which,  though  very 
fimple,  had  perhaps  never  been  obferved  ; and  by  a 
mod  ingenious  application  of  that  property,  he  fliows 
how  the  approximation  may  be  continued  to  any  de- 
gree of  accuracy,  in  a feries  of  refults  which  converge 
with  great  rapidity. 

Til  is  folution  appeared  in  the  fecond  volume  of  the 
Eflays  of  the  Philofoph  ical  Society  of  Edinburgh,  for 
the  year  1756-  In  the  firfi  volume  of  the  fame  col- 
ledion,  there  are  fome  other  propofitions  of  Mr.  Stew- 
art’s, which  are  an  extenfion  of  a curious  theorem  in 
the  4th  book  of  Pappus.  They  have  a relation  to  tlie 
fubjed  of  Porilms,  and  one  of  them  forms  the  91(1  of 
Hr.  Simfon’s  Relloration. 

It  has  been  already  mentioned,  that  Mr.  Stewart 
had  formed  the  plan  of  Introducing  into  the  higher 
parts  of  mixed  matliematics,  the  ftrld  and  fimple  form 
of  ancient  demon dratlon.  The  profecution  of  this 
plan  produced  the  TraBs  Phyjical  and  Maihemat'ical^ 
which  were  publifhed  In  1761.  In  the  fird  of  thefe, 
Mr.  Stewart  lays  down  thedodrine  of  centripetal  forces, 
in  a feries  of  propofitions,  demondrated  (if  we  admit 
the  quadrature  of  curves)  with  the  utmod  rigour,  and 
requiring  no  pievious  knowledge  of  the  mathematics, 
except  the  elements  of  plane  Geometry,  and  of  Conic 
Sedions.  The  good  order  of  thefe  propofitions,  added 
to  the  clearnefs  and  fimpllcity^  of  the  demon dratlons, 
renders  this  Trad  perhaps  the  bed  elementary  treatife 
of  Phyfical  Adronomy  that  is  any  where  to  be  found. 

In  the  three  remaining  Trads,  our  author  had  it 
in  view  to  determine,  by  the  fame  rigorous  method, 
the  effed  of  thofe  forces  which  didurb  the  motions  of 
a fecondary  planet.  From  this  he  propofed  to  deduce, 
not  only  a theory  of  the  moon,  but  a determination  of 
the  fun’s  didance  from  the  earth.  The  former,  it  is 
well  known,  is  the  mod  difficult  fubjed  to  which  ma- 
thematics have  been  applied,  and  the  refolution  re- 
quired and  merited  all  the  clearnefs  and  fimpllcity  which 
our  author  podeffed  In  fo  eminent  a degree.  It  mud: 
be  regretted  therefore,  that  the  decline  of  Dr.  Stewart’s 
health,  which  began  foon  after  the  publication  of 
the  Trads,  did  not  permit  him  to  purfue  this  invedi- 
g-ation. 

O ^ 

The  other  objed  of  the  Trads  was,  to  determine 
the  didance  of  the  fun,  from  his  effed  in  didurbing 
the  motions  of  the  moon  ; and  his  enquiries  into  the 
lunar  irregularities  had  furnifhed  him  with  the  means 
of  accomplifliing  it. 

The  theory  of  the  compofition  and  refolution  of 
forces  enables  us  to  determine  what  part  of  the  folar 
farce  is  employed  In  didurbing  the  motions  of  the 
Eicon  j and  therefore,  could  we  meafure  the  indanta- 
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neous  effed  of  that  force,  or  the  number  of  feet  by  which 
it  accelerates  or  retards  the  moon’s  motion  in  a fecond, 
we  fiiould  be  able  to  determine  how  many  feet  the  whole 
force  of  the  fun  would  make  a body,  at  the  didance  of 
the  moon,  or  of  the  earth,  defeend  in  a fecond  of  time, 
and  confequently  how  much  the  earth  Is,  in  every  in- 
dant,  turned  out  of  its . redilineal  courfe.  Thus  the 
curvature  of  the  earth's  orbit,  or,  which  is  the  fame 
thing,  the  radius  of  that  orbit,  that  is,  the  didance  of 
the  fim  from  the  earth,  would  be  determined.  But 
the  fad  is,  that  the  indantaneous  effeds  of  the  fun’s 
diduibing  force  are  too  minu^e  to  be  meafured  ; and 
that  It  is  only  tlie  effe6t  of  that  force,  continued  for 
an  entire  revolution,  or  fome  confiderablc  portion  of  a 
revolution,  M’hich  allronomers  are  able  to  obferve. 

There^  is  yet  a greater  difficulty  which  embarralTes 
the  folution  of  this  problem.  For  as  it  is  only  by  the 
difference  of  the  forces  exerted  by  the  fun  on  the  earth 
and  on  tlie  moon,  that  the  motions  of  the  latter  are 
didurbed,  the  faither  od  the  fun  is  fuppofed,  the  lefs 
will  be  the  force  by  which  he  didnrbs  the  moon’s  mo- 
tions; yet  that  force  will  not  dlmlnlffi  beyond  a fixed 
limit,  and  a certain  didurbance  would  obtain,  even  if 
the  didance  of  the  fun  were  infinite.  Now  the  fun  is 
adually  placed  at  fo  great  a didance,  that  all  the  dif- 
tmbanccs,  which  he  produces  on  the  lunar  motions, 
are  very  near  to  this  limit,  and  therefore  a fmall  miff- 
take  in  edimating  their  quantity,  or  in  reafoning  about 
them,  may  give  the  didance  of  the  fun  infinite,  or  even 
impoffible.  But  all  this  did  not  deter  Dr.  Stew^nrt 
from  undertaking  the  folution  of  the  problem,  with  no 
other  affidance  than  that  which  geometry  could  afford.- 
Indeed  the  idea  of  fuch  a problem  had  lird  occurred, 
to  Mr,  Machin,  w'ho,  in  his  book  on  the  law's  of  the 
moon’s  motion,  has  jult  mentioned  it,  and  given  the 
refult  of  a rude  calculation  (the  method  of' which  he 
does  not  explain),  which  affigns  for  the  parallax  of 
the  fun.  He  made  rife  of  the  motion  of  the  nodes  y 
but  Dr.  Stew’art  confidered  the  motion  of  the  apogee, 
or  of  the  longer  axis  of  the  moon’s  orbit,  as  the  irre- 
gularity bed  adapted  to  his  purpofe.  It  is  w'cll  known 
that  the  orbit  of  the  moon  Is  not  immoveable  ; but 
that,  in  confequence  of  the  didurbing  force  of  the  fun, 
the  longer  axis  of  that  orbit  has  an  angular  motion,  by' 
winch  It  goes  back  about  3 degrees  in  every  lunation, 
and  completes  an  entire  revolution  in  9 years  nearly. 
This  motion,  though  very  remarkable  and  eafily  de- 
termined, has  the  fame  fault,-  in  refpetl' of  the  prefent 
problem,  that  was  afenbed  to  the  other  irregularities 
of  the  moon  : for  a very  fmall  part  of  it  only  depends 
on  the  parallax  of  the  fun;  and  of  this- Dr.  Stewart 
feems  not  to  have  been  perfeflly  aware. 

The  propofitions  how'ever  which  defined  the  relatian- 
betw'een  the  fun’s  dIdance  and  the  mean  motion  of  the 
apogee,  w'cre  publiffied  among  the  Tracts,  in  1761. 
I'he  tranfit  of  Venus  happened  in  that  fame  year  ; the 
adronomers  returned,  who  had  view'ed  that  curious 
phenomenon,  from  the  mod  didant  dations ; and  no- 
very  fatisfadory  i-efult  was  obtained  from  a comparifon- 
of  their  obfervations.  Dr.  Stew'art  then  refolved  to- 
apply  the  principles  he  had  already  laid  down  ; and, 
in  1763,  he  publiihed  his  effay  on  the  Sun’s  Diftance,. 
where  the  computation  being  adually  made,  the  pa- 
rallax of  the  fun  was  found  to  be  no  more  than  6//-  9^. 
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and  confcquently  lus  diilance  almod  29^7^  femiJsame- 
ters  of  llie  earih,  or  nearly  i 19  millions  of  miles. 

A determination  of  the  funhs  diilance,  that  fo  far 
exceeded  all  iormer  eftitnatlons  of  it,  was  received  with 
fn-rprife,  and  the  reafoning"  on  vrhich  it  was  founded 
was  likely  to  undergo  a ieverc  examination.  But, 
even  among  adronomers,  it  was  not  every  one  who 
could  ju^ilge  in  a matter  oi  Inch  diiTieult  difciiffion.  Ac- 
cordingly, it  was  not  till  about  5 years  after  the  pub- 
lication of  the  fun’s  diilance,  that  tlune  appeared  a 
pamphlet,  under  the  title  of  PropoJJtions^  intended 
to  point  out  certain  errors  ia  Dr,  Stewart’s  iiivelligation, 
which  had  giveii  a refult  much  greater  than  the  truth. 
From  his  defire  of  hmplifying,  and  of  employing  only 
the  geometrical  method  of  reafoning,  he  was  reduced 
to  the  ncceffity  of  rejecting  quantities,  which  w’ere 
confiderable  enough  to  have  a great  effedl  on  the  lad 
refult.  An  error  was  thus  introduced,  which,  had  it 
not  been  for  certain  compenfations,  would  have  become 
immediately  obvious,  by  givingthe  fun’s  diilance  near 
three  times  as  great  as  that  which  has  been  mentioned. 

The  author  of  the  pamphlet,  referred  to  above,  was 
the  fii  d wlio  remarked  the  dangerous  nature  of  thefe 
fimplifications,  and  who  attempted  to  edimate  the  error 
to  which  they  had  given  rife.  This  author  remarked 
what  produced  the  compenfation  above  mentioned,  viz, 
the  immenfe  variation  of  the  fun’s  didance,  which  cor- 
refponds  to  a very  fmall  variation  of  the  motion  of  the 
moon’s  apogee.  And  it  is  but  judice  to  acknowledge 
that,  befides  being  jud  in  the  points  already  mentioned, 
they  are  very  ingenious,  and  written  wdth  much  modedy 
and  good  temper.  The  author,  who  at  fird  concealed 
his  name,  but  has  now^  confented  to  its  being  made 
public,  was  Mr.  Dawfon,  a furgeon  at  Sudbury  in 
Yorkdiire,  and  one  of  the  mod,  ingenious  mathemati- 
cians and  philofophers  this  country  now  poffeffes. 

A fecond  attack  was  foon  after  this  made  on  the 
Sun’s  Didance,  by  Mr.  Landen  ; but  by  no  means 
with  the  fame  good  temper  which  has  been  remarked 
in  the  former.  He  fancied  to  hlmfelf  errors  in  Dr. 
Stewart’s  Invedigation,  which  have  no  exidence  ; he 
exaggerated  thofe  thatw^ere  real,  and  feemed  to  triumph 
in.  the  difcovery  of  them  with  unbecoming  exiilfatioH. 
If  there  are  any  fubjedls  on  which  men  may  be  expedled 
to  reafon  difpaffionately,  they  are  certainly  the  proper- 
ties of  number  and  extenfion  ; and  whatever  pretexts 
niorallds  or  divines  may  have  for  abnfing  one  another, 
mathematicians  can  lay  claim  to  no  fuch  indulgence. 
The  afperity  of  Mr.  Landen’s  animadverfions  ought 
not  therefore  to  pafs  uncenfured,  though  it  be  united 
with  found  reafoning  and  accurate  difcuflion.  The 
error  into  which  Dr.  Stewart  had  fallen,  though  fird 
taken  notice  of  by  Mr.  Dawdon,  wTofe  pamphlet  was 
lent  by  me  to  Mr,  Landen  as  foon  as  it  was  printed 
(for  I had  the  care  of  the  edition  of  it)  yet  this  gentle- 
man extended  his  remarks  upon  it  to  greater  exadlnefs. 
But  Mr.  Landen,  in  the  zeal  of  correftion,  brings 
many  other  charges  againd  Dr.  Stewart,  the  greater 
part  of  which  feem  to  have  no  good  foundation.  Such 
nre  his  objeiSlions  to  the  fecond  part  of  the  invediga- 
tion, where  Dr.  Stewart  finds  the  relation  between  the 
didurbing  force  of  the  fun,  and  the  motion  of  the  apfes 
of  the  lunar  orbit.  For  this  part,  inftead  of  being 
Jiajple  to  objedlion,  is  cleferving  of  the  greateil  praife, 


fince  It  refolves,  by  geometry  alone,  a problem  which 
had  eluded  the  eiforts  of  fome  of  the  abled  mathemati- 
cians, even  when  they  availed  tliemfelves  of  the  utmod 
refources  of  the  integral  calculus.  Sir  Kaac  Newton, 
though  he  afllirned  tae  didurbing  force  very  near  the 
truth,  computed  the  motion  of  the  'apfes  from  thence 
only  at  one  half  of  what  it  really  amounts  to  ; fo  that, 
had  he  been  required,  like  Dr.  Stewart,  to  invert  the 
problem,  he  would  have  committed  an  error,  not  merely 
ol  a lew  thoufandth  parts,  as  the  latter  is  alleged  to 
have  done,  but  would  have  brought  out  a refult  double 
of  the  truth.  (Prindp.  Math.  llh.  p^op.  3.)  Machin 
and  Callendrini,  wdien  commenting  on  this  part  of  the 
Principia,  found  a like  iiiconfideiicy  between  their 
theory  and  obfervation.  Three  other  celebrated  ma- 
thematicians, Clairaut,  D’Alembert,  and  Euler,  fe- 
verally  experienced  the  fame  difiiculties,  and  were  led 
into  an  error  of  the  fame  magnitude.  It  is  true,  that, 
on  refuming  their  computations,  they  found  that  they 
had  not  carried  their  approximations  to  a fuificlent 
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length,  which  when  they  had  at  lad  accompiifiied,  their 
refults  agreed  exadily  with  obfervation.  Mr.  WalniOey 
and  Dr.  Stewart  were,  I think,  the  fird  mathemati- 
cians who,  employing  in  the  folution  of  this  difficult 
problem,  the  one  the  algebraic  calculus,  and  the  other 
the  geometrical  method,  were  led  immediately  to  the 
truth  ; a circiirndance  fo  much  for  tlic  honour  of  both, 
that  it  ought  not  to  be  forgotten,  It  was  the  bufinefs 
of  an  impartial  critic,  while  he  examined  our  author’s 
reafonings,  to  have  remarked  and  to  have  weighed 
thefe  confiderations. 

The  Puds  ITiftnnce  was  the  lad  work  which  Dr. 
Stewart  publifned  ; and  though  he  lived  to  fee  the 
animadverfions  made  on  it,  that  have  been  taken  notice 
of  above,  he  declined  entering  into  any  controverfy. 
His  difpofitlon  was  far  from  polemical ; and  he  knew 
the  value  of  that  quiet,  which  a literary  man  fhould 
rarely  fuffer  his  antagoniils  to  interrupt.  He  iifed  to 
fay,  that  the  decifionof  the  point  in  quedion  was  now 
before  the  public  ; that  if  his  invedigation  was  right,  it 
would  never  be  overturned,  and  that  if  it  was  wrong, 
it  ought  not  to  be  defended. 

A few  months  before  he  publiihed  the  EiTay  jud 
mentioned,  he  gave  to  the  world  another  work,  entitled, 
Propojitioiies  More  V tterum  DemonJIrata,  It  confids 
of  a feries  of  geometrical  theorems,  moftly  new ; in- 
vedigated,  fird  by  an  analyiis,  and  afterwards  fyntlie- 
tically  demonfi  rated  by  the  inverfion  of  the  fame  analyfis. 
This  method  made  an  important  part  In  the  analyfis  of 
the  ancient  geometricians  ; but  few  examples  of  it  have 
been  preferved  in  their  writings,  and  thofe  in  the  Pro- 
p&Jiiiones  Geometrlca  are  therefore  the  more  valuable. 

Dodlor  Stewart’s  conftant  ufe  of  the  geometrical 
analyfis  had  put  him  in  pofieffion  of  many  valuable  pro- 
pofitions,  which  did  not  enter  into  the  plan  of  any 
of  the  works  that  have  been  enumerated.  Of  thefe, 
not  a few  have  iound  a place  in  the  writings  of  Dr. 
Simfon,  where  they  will  for  ever  remain,  to  mark  the 
frlendlhip  of  thefe  two  mathematicians,  and  to  evince 
the  edeem  which  Dr.  Simfon  entertained  for  the  abilities 
of  his  pupil.  Many  of  thefe  are  in  the  work  upon  the 
Porifms,  and  others  in  the  Conic  Sedlions,  viz,  marked 
with  the  letter  a' I alfo  a theorem  in  the  edition  of 
Euclid’s  Data, 


Soon 


I 


S T ^ 


[ 5^-9  1 


S T I 


^oon  after  the  publication  of  the  Sun^s  Dtjlanu,  Dr. 
< Stewart’s  health  began  to  decline,  and  the  duties  of 
his  office  became  burdenfome  to  liim.  In. the  year 
1772,  he  retired  to  the  country,  where  he  afterwards 
fpent  the  greater  part  of  his  life,  and  never  refumed  his 
labours  in  the  univeriity.  He  was  however  fo  fortunate 
as  to  have  a fon  to  whom,  tliough  very  young,  he 
could  commit  the  care  of  them  wnth  the  p-reateli  con- 
fidence. Mr.  Dugald  Stew'art,  having  begun  to  o-ive 
'leduresfor  his  father  from  the  period  above  mentioned, 
was  ekaed  joint  prefeffor  with  him  in  177^-,  and  gave 
an  early  fpecimen  of  thofe  abilities,  which  have  not 
been  confined  to  a Tingle  fcience. 

After  mathematical  lludies  (on  account  of  the  bad 
Hate  of  health  into  which  Dr.  Stewart  was  falling)  had 
ceafed  to  be  his  bufinefs,  they  continued  to  be  his 
amufement.  The  analogy  between  the  circle  and  hy- 
peibola  had  been  an  caily  objedi  of  his  admiration. 
The  extenfive  views  which  that  analogy  is  continually 
opening;  theakernate  appearance  and  difappearance 
of  refemblance^  in  the  midil  of  fo  much  diffimilitude, 
rnahe  it  an  objeef  that  aflonifhes  the  experienced,  as 
well  as  the  young  geometrician.  To  the  coiifideration 
of  this  analogy  therefore  the  mind  of  Dr.  Stcwait  very 
naturally  returned,  when  difengaged  from  other  fpe- 
culations.  Kis  ufiial  fuccefs  llili  attended  his  invefii- 
gations  ; and  he  has  left  among  his  papers  foine  curious 
appi oximalions  to  the  areas,  both  of  the  circle  and 
hyperbola.  For  fomc  years  toward  the  end  of  his  life, 
his  health  fcarcely  allowed  him  to  profecute  ftudy  even 
as  an  amufement.  Fie  died  the  23d  of  January  1 -85, 
at  68  years  of  age.  ‘ 

The  habits  of  fliidy,  in  a man  of  original  genius, 
arc  objedbs  ofcuriolity,  and  deferve  to  be  rem.cmberecl. 
Concerning  thofe  of  Dr.  Stew^art,  his  writings  have 
made  it  unnecefTaiy  to  lemark,  that  from  his  youth  he 
had  been  accufiomed  to  the  mod  inteiife  and  continued 
application.  In  confequence  of  this  application,  added 
to  the  natural  vigour  of  his  nimd,  he  retained  tlie 
memory  of  his  dilco\ cries  in  a manner  that  wall  hardly 
be  believed.^  He  feldom  wrote  down  any  of  his  mvef- 
tigations,  till  it  became  neceffary  to  do  fo  for  the  pur- 
pofe  of  publication.  When  he  difeovered  any  propo- 
fition,  he  would  fet  down  the  enunciation  with  great 
accuracy,  and  on  the  fame  piece  of  paper  would  con- 
Ih-ua  very  neatly  the  figure  to  which  it  referred.  To 
thefe  he  tridbed  for  recalling  to  his  mind,  at  any  future 
period,  the  demoiiflration,  or  the  analyfis,  however 
complicated  it  might  be.  Experience  had  taught  him 
that  he  might  place  this  confidence  in  himfelf  without 
any  danger  of  difappointment  ; and  for  this  fiiigular 
pow^,  he  was  probably  more  indebted  to  the  adfivity 
of  his  invention,  than  to  the  mere  tenaclournefs  of  his 
^nemory^ 

Though  Dr.  Stewart  was  extremely  Ibudioiis,  he 
read  but  few’ books,  and  thus  verified  the  obfervation  of 
D’Alembert,  that,  of  ail  the  men  of  letters,  mathe- 
macicians  read  kail  of  the  writings  of  one  another. 
Our  author’s  own  inveftigations  occupied  him  fuffici- 
cntly ; and  indeed  the  world  would  have  had  reafon  to  re- 
pet the  mifapplication  of  his  talents,  had  he  employed 
in  the  mere  acquifition  of  know^ledge,  that  time  which 
tie  could  dedicate  to  works  of  invention. 

It  was  Dr.  Stewart’s  c«aom  to  fpeiiddie  fummerat 
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a delightful  retreat  in  Ayrffiire,  where,  after  the  acadc- 
mmal  labours  of  the  winter  were  ended,  he  found  the 
kiiure  neceffary  for  the  profeciition  of  his  rcfearches. 
In  Ins  way  tnither,  he  often  made  a vifit  to  Dr.  Simfon 
of  Glafgow,  with  whom  he  had  lived  from  his  youth 
in  the  mofb  cordial  and  uninterrupted  friendfliip.  It 
vvas  pkalhig  to  obferve,  in  thefe  two  excellent  ma- 
thematicians, the  moft  perfect  eibeem  and  affeftion  for 
each  other,  and  the  muff  entire  abience  of  jealoufy, 
though  no  two  men  ever  trode  more  nearly  in  the  fame 
path.  1 he  fimilitude  of  their  purfuits  ferved  only  to 
endear  them  to  each  other,  as  it  will  ever  do  witli  rncii 
fuperior  to  envy.^  Their  -fentiments  and  vieivs  of  the 
fcience  they  cultivated,  were  neaily  the  fame  ; they 
wcie  both  profound  geometricians ; they  equally  ad- 
mned  the  ancient  mathematicians,  and  weie  equally 
verfed  in  their  methods  of  invefligation  ; and  they  were 
both  cipprchenfivc^  that  the  beauty  of  tlieir  favourite 
fcience  would  be  forgotten,  for  the  kfs  elegant  methods 
of  algebraic  computation.  This  innovation  they  en- 
deavoured to  oppofe;  the  one,  by  reviving  thofe  books 
of  the  ancient  geometry  which  were  loil  ; the  other, 
by  extending  that  geometry  to  the  mod  difficult  en- 
quiries of  the  moderns.  Dr.  Stcw’art,  in  particular, 
had  remarked  the  intricacies,  in  which  many  of  the 
grcalefl  of  the  modern  mailiematicians  liad  involved 
thcnnfelves  in^  the  application  of  the  calculus,  w’hich 
a little  attention  to  the  ancient  geometry  would  cer- 
tainly have  enabled  them  to  avoid.  He  had  obferved 
too  the  elegant  fynthetical  demoiifirations  that,  on  many 
occafions,  may  be  given  of  the  mod  difficult  propofi- 
tions,  iiivedigatcd  by  the  inverfe  method  of  fluxions, 
1 iiefe  cit curnfiances  had  perhaps  made  a dronger  im- 
pieffioii  than  they  ought,  on  a mind  already  filled  with 
admiration  of  the  ancient  geometry,  and  produced  too 
unfavourable  an  opinion  of  the  modern  analyfis.  Bur. 
if  it  be  confefled  that  Dr,  Stewart  rated,  in  any  refpedl 
too  high,  tlie  meilt  of  the  former  of  thefe  fciences,  this 
may  well  be  excufed  in  the  man  whom  it  had  coiidudted 
to  the  difeoyery  of  the  General  Theorems^  to  the  folution 
of  Kepler  s ^i^rfjhiem^  and  to  an  accurate  determiination 
of  the  tiun  s (I'l/lnrhing  force.  His  great  modedy  made 
him  afciibe  to  the  method  he  ufed,  that  fuccefs  which 
he  owed  to  his  own  abilities, 

^ The  foregoing  account  of  Dr.  Stewart  and  his  wri- 
tings, is  chiefly  ex'tracded  from  the  learned  hidory  of 
them,  by  Mr.  Playfair,  in  the  id  volume  of  the  Edin- 
burgh Philofophical  Tranfaaions,  pa.  77,  &c. 

STIFEI.S,  Stifelius  (Micham.),  a Protedant 
minider,  and  very  fla'lful  mathematician,  was  born  at 
Fflingen  a town  in  Germany;  and  died  at  Jena  In 
ihunngia,  in  the  year  1567,  ac  58  ^ears  of  age  ac- 
cording to  Voffius,  but  fome  others  fiiy  80.  Stifels 
was  one  of  the  bed  mathematicians  of  his  lime.  He 
publiflied,  in  the  German  language,  a treatife  on  Al- 
gebra, and  another  on  the  Calendar  or  Ecckfiadical 
computation.  But  his  chief  work,  is  the  Arithmetica, 
Jni-gra,  a complete  and  excellent  treatife,  in  Latin,  on 
Antlirnetic  and  Algebra,  printed  In  qto  at  Norimberg 
1544.^  In  this  work  there  are  a number  of  ingenious 
inventions,  both  in  common  arithmetic  and  in  aDebra  ; 
of  which,  thofe  relating  to  the  latter  are  amply  ex- 
plained under  the  article  Algebra  in  this  dictionary, 
voi,  77  } to  which  may  be  added  fome  par- 
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ticulars  concerning  tlie  arithmetic,  from  my  volume  of 
Tra3s  printed  in  1786,  pa.  68.  In  this  original  work 
are  contained  many  curious  things,  fome  of  which  have 
mirtakenly  been  aferibed  to  a much  later  date.  He 
here  treats  pretty  fully  and  ably,  of  progreffional  and 
fgurate  numbers,  and  in  particular  oi  the  triangular 
table,  for  conlfruaing  both  them  and  the  coefficients 
of  the  terms  of  all  powers  of  a binomial  ; which  has 
been  fo  often  ufed  fince  his  time  for  thefe  and  otiier 
purpofes,  and  which  more  than  a century  after  was, 
by  Pafeal,  othervvife  called  the  Arithmetical  Triangle, 
and  who  only  mentioned  fome  additional  properties  of 
the  table.  Stifels  fiiews,  that  the  horizontal  lines  of 
the  table  furnifh  the  coefficients  of  the  terms  of  the 
correfponding  powers  of  a binomial ; and  teaches  hoiv 
to  make  ufe  of  them  in  the  extradtion  of  roots  of  all 
powers  whatever.  Cardan  feems  to  aferibe  the  invention 
of  that  table  to  Stifelius  ; but  I apprehend  that  is  only 
to  be  underllood  of  its  application  to  the  extraction 
of  toots. 

It  is  remarkable  too,  how  our  author,  at  p.  37  &c 
of  the  fame  book,  treats  of  the  nature  and  ufe  of  loga- 
rithms ; not  under  that  name  indeed,  but  under  the 
idea  of  a ferics  of  arithmeticals,  adapted  to  a feries  of 
geometricals.  He  there  explains  all  their  ufes ; fuch 
as,  that  the  addition  of  them  anfwers  to  the  multipli- 
cation of  their  geometricals  ; fubtradtion  to  divifion  ; 
multiplication  of  exponents,  to  involution  ; and  dividing 
of  exponents  to  evolution.  He  alfo  exemplifies  the  ufe 
of  them  in  cafes  of  the  Rule-of-three,  and  in  finding- 
mean  proportionals  between  given  terms,  and  fuch  like, 
exadlly  as  is  done  in  logarithms.  So  that  he  feems  to 
have  been  in  the  full  poffeffiion  of  the  idea  of  logarithms, 
and  wanted  only  the  neceffity  of  troublefome  calculations 
to  induce  him  to  make  a table  of  fuch  numbers. 

Stifels  was  a zealous,  though  weak  difciple  of  Lu- 
ther. He  took  it  into  his  head  to  become  a prophet, 
and  he  predidfed  that  the  end  of  the  world  would  hap- 
pen on  a certain  day  in  the  year  by  which  he 

terrified  many  people.  When  the  propofed  day  ar- 
rived, he  repaired  early,  wuth  multitudes  of  his  follow- 
ers, to  a particular  place  in  the  open  air,  fpending  the 
whole  day  in  the  moil  fervent  prayers  and  praifes,  in 
vain  looking  for  the  coming  of  the  Lord,  and  the 
wniverfal  conflagration  of  the  elements,  6tc» 

STILE.  See  Style. 

STILYARD.  See  Steelyard. 

STOFLER  (John),  a German  mathematician, 
was  born  at  Juftlngen  in  Suabia,  in  1452,  and  died  in 
1531,  at  79  years  of  ao;e.  He  taught  mathematics  at 
Tubinga,  where  he  acquired  a great  reputation,  which 
however  he  in  a great  meafnre  loll  again,  by  inter- 
meddling with  the  predidlion  of  future  events.  He 
announced  a great  deluge,  which  he  faid  wmuld  happen 
in  the  year  1^24,  a predidlion  with  which  he  terrified 
all  Germany,  where  many  perfons  prepared  veffiels  pro- 
per to  efcape  wdth  from  the  floods.  But  happily  the 
predidlion  failing,  it  enraged  the  aflrcloger,  though  it 
fervedto  convince  him  of  the  vanity  of  his  prognoflica- 
tions.— He  was  author  of  feveral  works  in  mathematics^, 
and  aflrology,  full  of  fooliflv  and  cliimerical  'ideas ; 
fuch  as, 

1.  Eiucidatio  Fabric,  tJfufq'ue  Aflrolabii ; fol.  15  kS* 

3.  Pi'ocli  Sph^Kiram  Comment,  fol.  1 54* 
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3.  Cofmographlcte  aliquot  Defcriptlones  ; 4to,  I537» 
STONE.  (E  DM  ond),  a good  Scotch  mathematician, 
who  was  author  of  feveral  ingenious  works,  I know 
not  the  particular  place  or  date  ofliis  birth,  but  it  w'as 
probably  in  the  fhire  of  Argyle,  and  about  the  begin- 
ning of  the  prefeut  century,  or  conclufion  of  the  lall. 
Nor  have  v/c  any  inemoirs  of  his  life,  except  a letter 
from  the  Chevalier  de  Ratnfay,  author  of  the  Travels 
of  Cyrus,  in  a letter  to  father  Cafiel,  a Jefuit  at  Paris, 
and  publifhed  m the  Memoires  de  Trevoux,  p.  109,  as 
follow^s  : “ True  genius  overcomes  all  the  difadvanta- 
ges  of  birth,  fortune,  and  education  ; of  which  Miv 
Stone  is  a rare  example.  Born  a fon  of  a gardener  of 
the  duke  of  Argyle,  he  arrived  at  8 years  of  age  before 
he  learnt  to  read. — By  chance  a fervant  having  taught 
young  Stone  the  letters  of  the  alphabet,  there  needed 
nothing  more  to  difeover  and  expand  his  genius.  Fie 
applied  himfelf  to  fiudy,  and  he  arrived  at  the  know- 
ledge of  the  moil  fublime  geometry  and  analyfis,  wuth- 
out  a mailer,  without  a condudlor,  without  any  other 
guide  but  pure  genius.^’ 

At  18  years  of  age  he  had  made  thefe  confiderable- 
advances  without  being  known,  and  without  knowing 
himfelf  the  prodigies  of  his  acquifitions.  The  duke  of 
Argyle,  who  joined  to  his  military  talents,  a general 
knowledge  of  every  fcience  that  adorns  the  mind  of  a 
man  of  his  rank,  walking  one  day  in  his  garden,  faw  -. 
lying  on  the  grafs  a Latin  copy  of  Sir  Ifaac  Newton’s  ^ 
celebrated  Principia.  He  called  fome  one  to  him  to 
take  and  carry  it  back  to  his  library.  Our  young  gar“- 
dener  told  him  that  the  book  belonged  to  him,  Toyou? 
replied  the  Duke.  Do  you  vnderjiand  geometry^  Latin^  , 
Ide^vton  ? I know  a little  of  them,  replied  the  young 
man  with  an  air  of  fimpheity  arifing  from  a profound 
ignorance  of  his  own  knowdedge  and  talents.  The  _ 
Duke  w-as  furprifed;  and  having  a tafte  for  the  fciences, 
he  entered  Into  converfation  wuth  the  young  mathema-  • 
tician  ; he  affied  him  feveral  queftions,  and  was  aftonifii- 
ed  at  the  force,  the  accuracy,  and  the  candour  of  his 
anfwers.  Bui  ho^u,  faid  the  Duke,  ca?ne  you  ly  the 
knowledge  of  all  thefe  things  ? Stone  replied,  A fervant 
taught  me,  teti  years  fince.,  to  read : does  one  need  to  know 
any  thing  more  than  the  24  letters  in  order  to  learn  every 
thing  elfe  that  one  wijlocs  F The  Duke’s  -curlofity  re-  . . 
doubled-— he  fat  down  upon  a , bank,  and  requeiled  a 
detail  of  all  his  proceedings  in  becoming  fo  learned.” 

J frfl  learned  to  read.,  faid  Stone : the  mafotis  were  then 
at  work  upon  your  houfe  : I went  near  them  one  day^  and 
I faw  that  the  architeB  ufed  a rule.,  comptffes,  and  that  .. 
he  made  calculations.  I enquired  what  might  he  the  meaning 
of  and  ufe  of  thfe  things  ; and  I was  informed  that  there  : 
was  a fcience  called  Arithmetic  ; I pur  chafed  a hook  of 
arithmetic.,  and  I learned  it. — B was  told  there  was  another  -■ 
fcience  called  Geometry  : J bought  the  books.,  and  I learnt  : 
geometry.  By  reading  I found  that  there  were  good  books  , 
m thefe  two  fciences  in  ’Latin  : I bought  a dictionary.,  and  , 
1 learned  Datin,  I underfaod  alfo  that  there  were  good  . 
books  of  the  fame  kind  in  Drench  : I bought  a dibtionary,  , 
and  If  earned  French.  And  this^  .my  lord,  is  what  I 
have  done  : it  feems  to  me  that  we  may  learn  every  thing 
when  we  know  the  letters  fif  the.  alphabet. 

Thfs  account  charmed  the  Duke.  He  drew  this  - 

wonderful  genius  out  of  his  obfcurlty  ; and  he  pio- 

vlded  him  with  an  employment  which  left  him 
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nf  time  to  apply  Klmfelf  to  the  faiences.  Hedifcovered 
in  him  alfo  the  fame  genius  for  miific,  for  painting, 
for  arch i tenure,  for  all  the  fciences  which  depend  on 
calculations  and  proportions.’^ 

“ I have  feen  Mr.  Stone,  the  is  a man  of  great 
Simplicity.  He  is  at  prefent  fenfible  of  his  own  know- 
ledge ; but  he  is  not  puffed  up  with  it.  He  is  pofTeffed 
with  a pure  and  diftinterefled  love  for  the  mathematics; 
though  he  is  not  folicitous  to  pafs  for  a mathematician  ; 
vanity  having  no  part  in  the  great  labour  he  fuflains  to 
excel  in  that  faience.  He  defpifes  fortune  alfo  ; and 
he  has  folicited  me  twenty  times  to  requefl  the  duke  to 
give  him  lefs  employment,  which  mav  not  be  worth 
the  half  of  that  he  now  has,  in  order  to  be  more  retired, 
and  lefs  taken  off  from  his  favourite  Rudies.  He  dif- 
covers  fometimes,  by  methods  of  his  own,  truths  which 
others  have  difcovered  before  him.  He  is  charmed  to 
find  on  thefe  occafions  that  he  is  not  a RrR  inventor, 
and  that  others  have  made  a greater  progrefs  than  he 
thought.  Far  from  being  a plaglarv',  he  attributes 
ingenious  folutions,  which  he  gives  to  certain  problems, 
to  the  hints  he  has  found  in  others,  although  the  con- 
nexion is  but  very  diRant,”  See. 

iMr.  Stone  was  author  and  tranflator  of  feveral  uftful 
works  ; viz. 

1.  A New  i\Tathematical  DiXionary,  in  i vol.  Svo, 
RrR  printed  in  1726. 

2.  Fluxions,  in  i vol.  8vo,  1730.  The  DireX 
klethod  IS  a tranflation  from  the  French,  of  Hofpital’s 
Analyfe  des  Infiniments  Petits  ; and  the  Inverfe  Me- 
thod was  fupplied  by  Stone  himfelf. 

3.  The  Elements  of  Euclid,  In  2 vols.  8vo,  1731. 

A neat  and  ufefui  edition  of  thofe  Elements,  with  an 
account  of  the  life  and  writings  of  Euclid,  and  a de- 
fence of  his  elements  againR  modern  objeXors. 

BeRde  other  fmaller  works. 

Stone  was  a fellow  of  the  Royal  Society,  and  had  in- 
ferted  in  the  Philof.  TranfaXions  (vol.  41,  pa.  218)  an 
“ Account  of  two  fpecies  of  lines  of  the  3d  order,  rot 
mentioned  by  Sir  Ifaac  Newton,  or  Mr.  Stirling,” 

STRABO,  a celebrated  Greek  geographer,  philofo- 
pher,and  hiRorian,  was  born  at  Amafia,and  was  defeend- 
cd  from  a family  fettled  at  Gnoffus  in  Crete.  He  was  the 
difciple  of  Xenarchus,  a Peripatetic  philofopher,  but 
at  length  attached  himfelf  to  the  Stoics.  He  contraXed 
a RriX  frlendilu'p  with  Cornelius  Gallus,  governor  of 
Egypt  ; and  travelled  into  feveral  countries,  to  obferve 
the  Rtuation  of  places,  and  the  cuRoms  of  nations. 

Strabo  flouriR;ed  under  AuguRus;  and  died  under 

Tiberius  about  the  year  2 5,  in  a very  advanced  age. 

He  compofed  feveral  works  ; all  of  which  are  loR,  ex- 
cept his  Geography^  in  17  books;  which  are  juRly 
cReemed  very  precious  remains  of  antiquity.  The  RrR 
two  books  are  employed  in  ihowing,  that  the  Rudy  of 
geography  is  not  only  worthy  of  a philofopher,  but 
even  neceRary  to  him  ; the  3d  deferibes  Spain  ; the 
4th,  Gaul  and  the  Britannic  iRes ; the  5th  and  6th, 
Italy  and  the  adjacent  ifles  ; the  7th,  which  is  Im- 
perfeX  at  the  end,  Germany,  the  countries  of  the 
Getas  and  lllyrii,  Taurica,  Cherfonefus,  and  Epirus  ; 
the  8th,  gth,  and  loth,  Gieece  with  the  neighbouring 
ifles  ; the  four  following,  ARa  within  Mount  Taurus  ; 
the  15th  and  i6th,  ARa  without  Taurus,  India,  PerRa, 
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Syria,  Arabia;  and  the  17th,  Egypt,  Ethiopia,  Car- 
thage, and  other  parts  of  Africa. 

Strabo’s  work  was  publiRied  with  a Latin  verRon 
by  Xylander,  and  notes  by  Ilaac  Cafaubon,  at  Paris 
1620,  In  folio  ; but  the  beR  edition  is  that  of  Ain- 
flerdam  iu  1707,  in  2 volumes  folio,  by  the  learned 
Theodore  Janfon  of  Almelooveen,  with  the  entire 
notes  of  Xylander.,  Cafaubon,  Meurfius,  Oliver,  Hol- 
llen,  SalmaRus,  Bochart,  Ez.  Spanheim,  Cellar,  and 
others.  To  tliis  edition  is  fubjoined  the  Chrejfornd^thia, 
or  Epitome  of  Strabo  ; which,  according  to  Mr.  Dodf- 
well,  who  has  written  a very  elaborate  and  learned  diRer- 
tation  about  it,  was  made  by  fome  unknown  perfon,  be- 
tween the  years  of  ChriR  676  and  gg6.  It  has  been  found 
of  fome  life,  not  only  In  helping  to  correX  the  original, 
but  in  fiipplying  in  fome  meafure  the  defeX  in  the  7th 
book.  Mr.  Dodfwell’s  diiTertation  Is  prefixed  to  this 
edition. 

STRAIT,  or  Straight,  or  Streight,  in  Hy- 
drography, is  a ni;rrow  channel  or  arm  of  the  fea,  Riut 
up  between  lands  on  either  fide,  and  ufually  aRbi’ding 
a paRage  out  of  one  great  fea  Into  another.  As  the 
Straits  of  Magellan,  of  Le  Maire,  of  Gibraltar,  &c. 

Strait  is  alfo  fometimes  ufed,  in  Geography,  for 
an  iRhmus,  or  neck  of  landbetvveen  two  feas,  preventing 
their  communication. 

STRENGTH,  visy  force,  power. 

Some  authors  make  the  Strength  of  animals,  of  the 
fame  kind,  to  depend  on  the  quantity  of  blood  ; but 
moR  on  the  fize  of  the  bones,  joints,  and  mufcles  ; 
though  we  find  by  daily  experience,  that  the  animal 
fpirits  contribute  greatly  to  Strength  at  different 
times. 

I 

Emerfon  has  moff  particularly  treated  of  the  Strength 
of  bodies  depending  on  their  dimei.Rons  and  weight. 
In  the  General  Scholium  after  his  propoRtions  on  this 
lubjeX,  he  adds  ; If  a certain  beam  of  timber  be  able 
to  fupport  a given  weight  ; another  beam,  of  the  fame 
timber,  fimilar  to  the  former,  may  be  taken  fo  great, 
as  to  be  able  but  jull  to  bear  its  own  weight  : while 
any  larger  beam  cannot  fupport  itfelf,  but  miiR  break 
by  its  own  weight  ; but  any  lefs  beam  will  bear  fonie- 
thing  more.  For  the  Strength  being  as  the  cube  of  the 
depth;  and  the  Rrefs,  being  as  the  length  and  quantity' 
of  matter,  is  as  the  4th  power  of  the  depth  ; it  is  plain 
therefore,  that  the  Rrels  incrcafes  in  a greater  ratio 
than  tlie  Strength.  Whence  it  follows,  that  a beam 
may  be  taken  fo  large,  that  the  Rrefs  may  far  exceed 
the  .Strength  : and  that,  of  all  fimilar  beams,  there  is 
but  one  that  willjuR  fupport  itfelf,  and  nothing  more. 
And  the  like  holds  true  in  all  machines,  and  in  all 
animal  bodies.  And  hence  there  is  a certain  limit,  in 
regard  to  magnitude,  not  only  in  all  machines  and 
artificial  RruXures,  but  alfo  in  natural  ones,  which 
neither  art  nor  nature  can  go  beyond  ; fuppofing  them 
made  of  the  fame  matter,  and  in  the  fame  propc  nion 
of  parts. 

Hence  it  is  impoRible  that  mechanic  engines  can  be 
increafed  to  any  magnitude  at  pleafure.  For  when  they 
arrive  at  a particular  fize,  their  feveral  parts  will  break 
and  fall  afunder  by  their  weight.  Neither  can  any 
buildings  of  vaR  magnitudes  be  made  to  Rand,  but 
muR  fall  to  pieces  by  their  great  weight,  and  go  to 
ruin, 
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"It  is  llkewife  Impoffible  for  nature  to  produce  ani- 
mals of  any  vaft  fize  at  pleafure.:  except  fome  fovrof 
jnatter  can  be  fnundj  to  make  the  bones  of,  wnich 
may  be  fo  much  harder  and  ftronger  than  any  hitherto 
known  : or  elfe  that  the  proportion  of  the  parts  be  fo 
much  altered,  and  the  bones  and  mufcles  made  tnicker 
in  proportion  ^ which  will  make  the  animal  didorted, 
and  of  a monftrous  figure,  and  not  capable  of  perform- 
ing any  proper  adlions.  And  being  made  fimiiar  and 
of  common  matter,  they  will  not  be  able  to  (land  or 
move  j but,  being  burthened  with  their  own  weight, 
mult  fail  down.  Thus,  it  is  impoffible  that  there  can 
be  any  animal  fo  large  as  to  carry  a cafile  upon  his 
back;  or  any  man  fo  ftrong  as  to  remove  a mountain, 
or  pull  up  a large  oak  by  the  roots  i nature  will  not 
admit  of  thefe  things  ; and  it  is  impofiible  that  tbeie 
can  he  animals  of  any  fort  beyond  a determinate  fize, 

Filh  may  indeed  be  produced  to  a larger  fize  than 
land  animals;  becaufe  their  weight  is  fupported  by 
the  water.  But  yet  even  thefe  cannot  be  increafed 
to  immenfity,  becaufe  the  internal  parts  will  prefs 
upon  one  another  by  their  weight,  and  defiroy  their 

fabric.  ^ 

On  the  contrary,  when  tiie  fi/.e  of  animals  is  dimi- 

nifhed,  their  Strength  is  not  diminished  in  the  fame 
proportion  as  the  weight,  kor  which  reafon  a fmall 
animal  will  cany  far  more  than  a weight  equal  to  its 
own,  whilft  a great  one  cannot  cany  fo  much  as  its 
weierht.  And'hence  it  is  that  fmall  animals  are  more 
adive,  will  run  fafter,  jump  farther,  or  perform  any 
motion  quicker,  for  their  weight,  than  large  animals  : 
for  the  lefs  the  animal,  the  greater  the  proportion  of 
the  Strength  to  the  firefs.  And  ipture  feems  to  know 
no  bounds  as  to  the  fmallnefs  of  animals,  at  leafi  m 
regard  to  their  weight. 

Neither  can  any  two  unequal  and  fimiiar  machines 
refift  any  violence  alike,  or  in  the  fame  proportion  ; 
but  the  greater  will  be  more  hurt  than  the  lefs.  ^ And 
the  fame  is  true  of  animals  ; for  large  animak  by  railing 
break  their  bones,  while  leffer  ones,  falling  higher, 
receive  no  damage.  Thus  a cat  may  fall  two  or  t.uee 
^ards  hiuh,  and  be  no  worfe,  and  an  ant  from  the  top 
of  a tower. 

it  is  iikewife  impoffible  in  the  nature  of  things, 
that  there  can  be  any  trees  of  immenfe  fize  ; if  there' 
were  any  fuch,  their  limbs,  boughs,  and  branches, 
rniiffi  break  off  and  fall  down  by  their  own  weight. 
Thus  it  is  impoffible  there  can  be  an  oak  a quarter  of 
a mile  high  ; fuch  a tree  cannot  grow  or  ftand,  but  its 
limbs  will  drop  off  by  their  weight.  And  hence  alfo 
fmaller  plants  can  better  fuftain  themfelves  than  large 

ones.  1 . r 11  j- 

As  to  the  due  proportion  of  Strength  mieveral  bodies, 

according  to  their  particular  pofitions,  and  the  weights 
they  are  to  bear  ; he  farther  obferves  that,  If  a piece  of 
timber  is  to  be  pierced  with  a mortrfe-hole,  the  beam 
will  be  ftronger  when  it  is  taken  out  of  the  middle, 
than  when  taken  out  of  either  fide.  And  in  a beam 
fupported  at  both  ends,  it  is  ftronger  when  the  hole 
is  made  in  the  upper  fide  than  when  made  in  the  un- 
der, provided  a piece  of  wood  is  driven  hard  in  to  fill 
lip  the  hole. 

If  a piece  is  to  be  fpliced  upon  the  end  of  a beam, 
to  be  fupported  at  both  ends  j it  will  be  the  ftronger 
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when  fpliced  on  the  under  fide  of  a beam  : but  if  the 
piece  ia  fuppoi  ted  only  at  one  end,  to  bear  a weight 
on  the  otiier ; it  is  ftronger  when  fpliced  on  the  upper 
fide. 

When  a fmall  lever,  See,  is  nailed  to  a body,  to 
move  it  or  fufpend  it  by  ; the  ft  rain  is  greater  upon 
the  nail  neareft  the  hand,  or  point  where  the  power 
is  applied. 

If  a beam  be  fupported  at  both  ends ; and  the  two 
ends  reach  over  the  props,  and  be  fixed  down  im- 
moveable ; it  will  bear  twice  as  much  weight,  as 
when  the  ends  only  lie  loofe  or  free  upon  the  fup- . 
porters. 

When  a ftender  cylinder  is  to  be  fupported  by  two 
pieces  ; the  diftance  of  the  pins  ought  to  be  iiearly  f 
of  the  length  of  the  cylinder,  and  the  pins  equidiftant 
from  its  ends  ; and  then  the  cylinder  will  endure  the 
leaft  bending  or  ftrain  by  its  weight. 

A beam  fixed  at  one  end, 
and  bearing  a weight  at  the 
other  ; if  it  be  cut  in  the 
form  of  a wedge,  and  placed 
with  its  parallel  fides  parallel 
to  the  horizon  ; it  will  be 
equally  ftrong  every  where  ; 
and  no  fooner  break  in  one 
place  than  another. 

When  a beam  has  all  its 
fides  cut  in  form  of  a concave 
parabola,  havingr  the  vertex 
at  the  end,  and  its  abfcifs 
perpendicular  to  the  axis  of 
the  folid,  and  the  bafe  a 
fqiiare,  or  a circle,  or  any 
regular  polygon  ; fuch  a beam 

fixed  horizontally,  at  one  end,  is  equally  ftrong 
throughout  for  fupporting  its  own  weight. 

Alfo  when  a wall  faces  the  wind,  and  if  the  vertical 
fediiion  of  it  be  a right-angled  triangle  ; or  if  the  fore 
part  next  the  wind  &c  be  perpendicular  to  the  horizon, 
and  the  back  part  a Hoping  plane  ; fuch  a wall  will  be 
equally  ftrong  in  all  its  parts  to  refift  the  wind,  if  the 
parts  of  the  wall  cohere  ttrongly  together  ; but  when 
it  is  built  of  loofe  materials,  it  is  better  to  be  convex 
on  the  back  part  in  form  of  a parabola. 

W hen  a v^mll  is  to  fupport  a bank  of  earth  or  any 
fluid  body,  it  ought  to  be  built  concave  in  form  of 
a femicubical  parabola,  whofe  vertex  is  at  the  top  of 
the  wall,  provided  the  parts  of  the  wall  adhere  firmly 
together.  But  if  the  parts  be  loofe,  then  a right  line 
or  Hoping  plane  ought  to  be  its  figure.  Such  walls 
will  be  equally  ftrong  throughout 

All  fpires  of  churches  in  the  form  of  cones  or  pyra- 
mids, are  equally  ftrong  in  all  parts  to  refift  the  wind. 
But  when  the  parts  do  not  cohere  together,  then  they 
ought  to  be  parabolic  conoids,  to  be  equally  ftrong 
throughout. 

Likewife  if  there  be  a pillar  eredled  in  form  of  the 
logarithmic  curve,  the  afymptote  being  the  axis;  it 
cannot  be  cruftied  to  pieces  in  one  part  fooner  than 
in  another,  by  its  own  weight.  And  if  fuch  a pillar 
be  turned  upfide  down,  and  fufpended  by  the  thick 
end,  it  will  not  be  more  liable  to  feparate  in  one  part 
than  another,  by  its  own  weight. 

Moreover, 
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Moreover,  if  AE  be  a beam 
fn  form  of  a triangular  prifm  ; 
and  if  AD  = -^AB,  and 
AI  = y AC,  and  the  edge 
or  fmall  fimilai  prifm  AD  IF 
be  cut  away  parallel  to  the 
bafe  ; the  remaining  beam 
DIBEF  will  bear  a greater 
weight  P,  than  the  whole 
>\BC£G,  or  the  part  will  be  ftronger  than  the  whole  ; 
which  is  a paradox  in  Mechanics. 

As  to  the  Strength  of  feveral  forts  of  wood,  drawn 
from  experiments,  he  fays,  On  a medium,  a piece  of 
good  oak,  an  inch  fquare,  and  a yard  long,  fupported 
at  both  ends,  will  bear  in  the  middle,  for  a very  fliort 
time,  about  33olb  averdupois,  but  will  break  with 
jmore  than  that  weight.  But  fuch  a piece  of  wood  . 
fhould  not,  in  praflice,  be  trulled  for  any  length  of 
time,  with  more  than  a third  or  a fourth  part  of 
that  weight.  And  the  proportion  of  the  Strength 
of  feveral  forts  of  vv'ood,  he  found  to  be  as  follows  : 


Box,  oak,  plumbtree,  yew  - 

Afl'i,  elm  - - - 

Thorn,  walnut  - --  --  --  --  --  --  - 
Apple  tree,  elder,  red  fir,  holly,  plane  - - 
Beech,  cherry,  hazle  - --  --  --  --  -- 
Alder,  afp,  Birch,  white-fir,  willow  - - - 

I^on  - --  --  --  --  - 

Brafs  - --  -- 

Bone  

Dead  - --  --  --  --  --  --  --  --  -- 
Fine  free  ftone  - --  -- -- 


1 1 
8^ 

/ z 

7 

6 1 
6 
107 

50 

22 

bi-  - 


As  to  the  Strength  of  bodies  in  diredfion  of  the 
■fibres,  he  obferves,  A cylindric  rod  of  good  clean  fir, 
of  an  inch  circumference,  drawn  in  length,  will  bear  at 
extremity  40o]b  ; and  a fpear  of  fir  2 inches  diameter, 

will  bear  about  7 ton, A rod  of  good  iron,  of  an  inch 

circumference,  will  bear  near  3 ton  weight.  And  a good 
hempen  rope  of  an  inch  circumference,  will  bear 
jooolb.  at  extremity. 

All  this  fuppofes  thefe  bodies  to  be  found  and  good 
throughout ; but  none  of  them  fnould  be  p-ut  to  bear 
more  than  a third  or  a fourth  part  of  that  weight, 
efpecially  for  any  length  of  time.  From  vhat  has 
been  faid  ; if  a fpear  of  fir,  or  a rope,  or  a fpear  of 
iron,  of  ^ inches  diameter,  were  to  lift  ^ the  extreme 
weight ; then 

The  fir  would  bear  Sfr/J  hundred  wciglit. 

The  rope  wmuld  bear  2 2r/<:/  hundred  weight. 

The  iron  would  bear  6(aW  ton  weight. 


As  to  iVnimals  ; Men  may  apply  their  Strength  fe- 
veral  ways,  in  working  a machine.  A man  of  ordi- 
nary Strength  turning  a roller  by  the  handle,  can  aft  for 
a whole  day  again fi.  a refifiaiice  equal  to  3clb.  weight  ; 
and  If  he  works  10  hours  a day,  he  will  raife  a weight 
of  3€)lb.  through  34-  feet  in  a fccond  of  time  ; or  if 
the  weight  be  grqaterj,  he  will  raife  It  fo  much  lefs  in 
proportion.  But  ascnan  may  aft,  for  a fmall  time, 
agalnil  a refiftance'of  501b.  or  more. 

If  two  men  work  at  a windlafs,  or  roller,  they  can 
more  eafily  draw  up  7olb,  than  one  man  can  3olb,  pro- 
vided the  elbow  of  one  of  the  handles  be  at  right  angles 


to  that  of  the  other.  And  with  a fly,  or  heavy  wheel, 
applied  to  it,  a man  may  do  f part  more  work  ; and 
for  a little  while  he  can  a6t  with  a force,  or  overcome 
a continual  refiftance,  of  Sol;  and  work  a whole  day 
when  the  refi fiance  is  but  qolb. 

Men  ufed  to  bear  loads,  fuch  as  porters,  will  carry, 
fome  1501b,  others  200  or  2501b.  according  to  their 
Strength.  , 

A man  can  draw  but  about  70  or  8clb.  horizon- 
tally ; for  he  can  but  apply  about  half  his  weight. 

If  the  weight  of  a man  be  iqolb,  he  can  aft  with  no 
greater  a force  In  thrulling  horizontally,  at  the  height 
of  his  fhoulders,  than  271b. 

As  to  Horfes  : A horie  is,  generally  fpeaking,  as 
flrong  as  5 men.  A horfe  will  carry  240  or  2701b, 
A horfe  draws  to  greatefi  advantage,  when  the  line  of 
direftion  is  a little  elevated  above  the  horizon,  and  the 
power  aftsagainfi  his  bread  : and  he  can  draw  20olb. 
for  8 hours  a day,  at  zf-  miles  an  hour.  If  lie  draw 
2401b,  be  can  work  but  6 hours,  and  not  go  quite  fo 
faft.  And  in  both  cafes,  if  he  carries  fome  weight,  he 
will  draw  the  better  for  it.  And  this  is  the  weight  a 
horfe  is  fuppofed  to  be  able  to  draw  over  a pulley  out 
of  a well.  But  in  a cart,  a horie  may  draw  looolb, 
or  even  double  that  weight,  or  a ton  weight,  or 
more. 

As  the  mofl  force  a horfe  can  exert,  is  when  he 
draws  a little  above  the  horizontal  pofition  : fo  the 
worfi  way  of  applying  the  flrength  of  a horfe,  is  to 
make  him  carry  or  draw  uphill:  And  three  men  in  4 
fteep  hill,  carrying  each  loolb,  will  climb  up  faficr 
than  a horfe  with  30CI.  Alfo,  though  a horfe  may 
draw  in  a round  walk  of  18  feet  diameter  ; yet  fuch  a 
walk  fhould  not  be  lefs  than  25  or  30  feet  diameter, 
EmerforFs  Meehan,  pa.  iii  and  177. 

STRIKE,  or  Stryke,  a meafure,  containing 
4 bulhtls,  or  halt  a quarter. 

Sl'RlKING-W^f^/,  In  a clock,  the  fame  as  that  by 
fome  called  the  becaufe  of  the  pins  which  are 

placed  on  the  round  or  rim,  the  number  of  which  is 
the  quotient  of  the  pinion  divided  by  the  pinion  of  the 
deteat-wheel.  In  fixteen-day  clocks,  the  lirfi  or  great 
wheel  is  ufually  the  pin-wheel  ; but  in  fuch  as  go 
8 days,  the  iecond  wheel  is  the  pin-wheel,  or  ftriking- 
wheel. 

STRIj^JG,  in  Mufic.  See  Chord. 

If  tvvo^Slnngs  or  chords  of  a mufical  inftrument 
onlTTiifler  in  length  ; their  tones,  or  the  number  of 
vibrations  they  make  in  the  fame  timF,  are  in  the~ in- 
verfe  ratio  of  their  lengths.  If  they  differ  only  in 
t}ucknels,~~fHeir  tones  are  in  the  inverfe  ratio  of  their 
dianaeters . 

As 'to  the  tenfion  of  Strings,  to  meafure  it  regu«* 
lari)',  they  miilFbe  conceived  ftretched  or  drawn  by 
vyftghts  ; and  then,  cseterls  ])aribns,  the  tones  of  two 
Strings  are  in  a direft  ratio  of  the  fquare  roots  of  the 
weights  that  fi retch  them  ; that  is,  ex.  gr.  the  tone 
of  a String  firelehcd  by  a weight  4,  is  an  oftave  above 
the  tone  of  a String  firetehed  bv  the  weight  1. 

It  is  an  obfervation  of  very  old  (landing,  that  if  a 
viol  or  lule-firing  he  touched  with  the  bow,  or  the 
hand,  another  String  on  the  fame  infiriiment,  or  even 
on  another.  aOu  far  troin  it,  if  in  unifon  with  it,  01  irj 
oftave,  or  ;j2c“iike,  will  at  the  fame  time  tremble  of 
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It!  own  accord.  'But  it  is  now  found,  that  it  is  not 
tl;e  whole  of  that  other  String  that  thus  trembles,  but 
only  '^.he  parts,  feverally,  according  as  they  are  unifons 
to  the  whole,  or  the  parts,  of  the  String  fo  ftruck. 
Thus,  fiippofing  AB  to  be 

an  upper  oftave  to  ab^  and  A Q 

therefore  an  unifon  to  each  ^ ; — 

. halt  of  it,  hopped  at  e ; if  d c e 

while  ah  is  open,  AB  be 

hriick,  the  two  halves  of  this  other,  that  Is,  ac^  and 
, cb^  will  both  tremble  ; but  the  middle  point  will  be  at 
reh  ; as  will  be  eafily  perceived,  by  wrapping  a bit  of 
paper  lightly  about  the  firing  ab^  and  moving  it  fiic- 
ctiTivcly  from  one  end  of  the  firing  to  the  other.  In 
like  manner,  if  AB  were  an  upper  lith  to  ab^  and 
confequently  an  unifon  to  its  three  parts  ad^  de,  eb  ; 
then,  ab  being  open,  if  AB  be  flruck,  the  three  parts 
of  the  other,  ad^  de,  eh  will  feverally  tremble ; but  the 
points  d and  e remain  at  reft. 

This,  Dr.  Wallis  tells  us,  was  firft  difeovered  by  Mr. 
William  Noble  of  Merton  college  ; and  after  liim  by 
Mr.  T.  Pigot  of  Wadham  college,  without  knowing 
that  Mr.  Noble  bad  obferved  it  before.  To  which  may 
; be  added,  that  M.  Sauveur,  long  afterwards,  propofed 
it  to  the  Royal  Academy  at  Paris,  as  his  own  difeovery, 
which  in  reality  it  might  be  ; but  upon  his  being  in- 
tormed,  by  fome  of  the  members  then  prefent,  that 
Dr.  Wallis  had  pnbiifhed  it  before,  he  immediately  re- 
ftgned  all  the  honour  of  it.  Philof.  Tranf.  Abridg, 

' vol.  I,  pa.  606. 

STURM,  Sturm  lus  (John  Christopher),  a 
noted  German  mathematician  and  philofpher,  was  born 
at  Hippolftein  In  1635.  He  became  profefTor  of  philo* 
lophy  and  mathematics  at  Altdorf,  where  he  died  in 
-1703,  at  68  years  of  age. 

He  was  author  of  feveral  ufeful  works  on  mathema- 
tics and  phllofophy,  the  moft  efteemed  of  which  are, 

1.  Yi\&  Mathejls  enucleata,  in  I vol.  8vo. 

2.  Mathejis  'Juvenilis j in  2 large  volumes  8vo. 

3.  Collegium  Experimentaki  Jive  Curiofum^  in  quo  pri- 
. maria  Seculi  fuperioris  Inventa  Expsrhnenta  Phyftco- 

Mathematicci^  Speciatim  Campana  Urinatoriee,  Camera 
obfeura,  Eubi  Eorricelliani^  feu  Bdrofcopiiy  AntUa  Pneu- 
. maticeSi  Ehernmmetrorum  P hanomena  EjJe^a  ; partim 
nc  aids  jampridem  exhibita^  partim  noviter  ijiis  fuperad- 
dita,  in  one  large  vol.  410,  Norirnberg,  1701, 

This  is  a very  curious  work,  containing  a multitude  of 
j interefling  experiments,  neatly  illuftrated  by  copper- 
plate figures  printed  upon  almofl  every  page,  by  the 
fide  of  the  letter-prefs.  Of  thefe,  the  10th  experi- 
ment is  an  improvement  on  father  Lana’s  projedl 
for  navigating  a fmall  vefTtl  fiifpended  in  the  at- 
tnofphere  by  feveral  globes  exhaufted  of  air. 

STYLE,  in  Chronology,  a particular  manner  of 


counting  time  ; as  the  Old  Style,  the  Kew  Style.  See 
Calendar. 

Old  Syyle,  is  the  Julian  manner  of  computing,  as 
inftituted  by  Julius  Ctefar,  in  which  the  mean  year  con- 
fiftsof  365^  days. 

Ne-w  Style,  is  the  Gregorian  manner  of  compu- 
tation, inftituted  by  pope  Gregory  the  I3tb,  in  the 
year  1582,  and  is  ufed  by  moft  catholic  countries, 
and  many  other  ftates  of  Europe. 

The  Gregorian,  or  new  Style,  agrees  with  the  true 
folar  year,  which  contains  only  36^  days  5 hours  49 
minutes.  In  the  year  of  Chrift  200,  there  was  no 
difterence  of  Styles.  In  the  y’-ear  1582,  when  the  new 
Style  was  firft  introduced,  there  was  a difference  of  10 
days.  At  prefent  there  is  1 1 days  difference,  and  ac- 
cordingly at  the  diet  of  Ratifbon,  in  the  year  lyco, 
it  was  decreed  by  the  body  of  proteftants  of  the  em- 
pire, that  1 1 days  flioiild  be  retrenched  from  the  old 
Style,  to  accommodate  it  for  the  future  to  the  new. 
And  the  fame  regulation  has  fince  paffed  into  Sweden, 
Denmark,  and  into  England,  where  it  was  eftabliftied 
in  the  year  1753,  when  It  was  enadied,  that  in  all  do* 
minions  belonging  to  the  crowm  of  Great  Britain,  the 
fuppiitation,  according  to  which  the  year  of  our  lord 
begins  on  the  25th  day  of  March,  fliall  not  be  ufed 
from  and  after  the  laft  day  of  December  1 75 1 ; and 
that  from  thenceforth,  the  ift  day  of  January  every 
year  fiiall  be  reckoned  to  be  the  firft  day  of  the  year  3 
and  that  the  natural  day  next  immediately  following  the 
2d  day  of  September  1752,  fhali  be  accounted  the  14th 
day  of  September,  omitting  the  1 1 intermediate  nomi- 
nal days  of  the  common  calendar.  It  is  farther  enadl- 
ed,  that  all  kinds  of  writings,  &:c,  fhali  bear  date  ac- 
cording to  the  new  method  of  computation,  and  that 
all  courts  and  meetings  &c,  feafts,  fafts,  c^c,  fhali  be 
held  and  obferved  accordingly.  And  for  preferving 
the  calendar  in  the  fame  regular  courfe  for  the  future, 
it  is  cnadled,  that  the  feveral  years  of  our  lord  i 8go, 
1900,  2100,  2200,  2300,  &c,  except  only  every 
400th  year,  of  which  the  year  2000  fhali  be  the  firft, 
fiiall  be  common  years  of  365  days,  and  that  the 
years  2000,  2400,  2800,  &c,  and  every  other  400th 
year  from  the  year  20CO  inclufive,  fhali  be  leap 
years,  confifting  of  366  days.  See  Bissextile  and 
Calendar. 

The  following  table  fliews  by  what  number  of  days 
the  new  ftyle  differs  from  the  old,  from  5900  years  be- 
fore the  birth  of  Chrift,  to  5900  years  after  It.  The 
days  Under  the  fign  — (viz  from  60OO  years  before  to 
200  3^ears  after  Chrift)  are  to  be  fubtradled  from  the 
old  Style,  to  reduce  it  to  the  new ; and  the  days  under 
the  fign  + (viz  from  200  to  5900  years  after  Chrift) 
are  to  be  added  to  the  old  Style,  to  reduce  it  to  the 
newL — N-B.  All  the  years  mentioned  in  the  table  are 
leap  years  in  the  old  Style ; but  thofe  only  that  ar<e 
marked  with  an  L are  le^p  years  in  the  new. 
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Years  before 
Chrift. 
New  Style. 

Davs 

diif. 

Y'ears  after 
Chrift. 

New  Style. 

Davs 

diff. 

T 

59C0 

46 

L 0 

— 2 

5800 

4) 

100 

— I 

5700 

44 

200 

0 

L 5600 

44 

300 

•4  I 

5500 

43 

L 400 

I 

5400 

42 

500 

2 

5300 

41 

600 

3 

L 5200 

41 

7C0 

4 

5100 

40 

L 800 

4 

5000 

39 

900 

5 

4900 

38 

1 000 

6 

L 4800 

38 

1 100 

7 

4700 

37 

L 1 200 

/ 

4600 

36 

1300 

8 

4500 

35 

J400 

9 

L 4400 

35 

1500 

10 

4500 

3 4' 

L i6oo 

10 

4200 

33 

0 

0 

1 1 

4100 

32 

1800 

j 2 

L 4000 

32 

1900 

13 

3900 

3* 

L 2000 

( 

13 

3800 

30 

1 2100 

H 

3700 

29 

1 2200 

IS 

L 3600 

29 

1 2300- 

1 6 

3500 

28 

1 L 2400 

l6 

3400 

27  . 

2500 

17 

3300 

26 

2600 

1 8 

L 3200 

26 

2700 

19 

31C0 

25- 

L 2800 

19 

3000 

24 

2900 ' 

20 

2900 

23 

3000 

2 1 

L 2800 

23  I 

310a 

22 

2700 

22  - I 

L 3200 

22 

2600 

21 

3300 

23 

2500 

20 

3400 

24 

L 2400 

20 

350° 

25 

2300 

19 

L 3C100 

2S 

2200 

i3 

3700 

26 

2 100 

D 

3800 

27 

L 2000 

^7. 

1 39-^0 

28 

A 900 

16 

1 I-j  i|.000 

28 

1800 

15 

1 4100- 

29 

1 700 

I 4200 

30 

L 1600 

14 

1 430^ 

31 

1 500 

J3 

i L 4400  - 

31 

1400 

12 

1 4500 

32 

130Q 

1 1 

1 4600 

33 

L 1200 

1 1 

4700 

34 

lino- 

10 

L4800 

34 

1000 

9 

4900 

3S 

900 

8 - 

5000 

3^ 

L 800 

8 

! 5 <00 

37 

700 

7 

L 5200 

37 

600 

6 

5300 

38 

500 

5 • 

5400 

39 

L 400 

5 

5500 

40 

300 

4 

1 L 5600 

40 

200 

3 

5700 

41 

100 

2 

5800 

42 

L 0 , 

2 

5900 

43 

The  French  nation  has  lately  commenced  another 
new  Style,  or  computation  ot  time,  viz,  in  the  year 
1792;  according  to  which,  the  year  commences  ufu- 
ally  on  our  2 2d  of  September.  The  year  is  divided 
into  12  iTjonths  of  30  days  each;  and  each  month 
into  3 decades  of  10  days  each.  For  the  names  and 
computations  of  which,  fee  the  article  Calendar. 

Style,  in  Dialling,  denotes  the  cock  or  gnomon, 
raifed  above  the  plane  of  the  dial,  to  projedl  a Shadow. 
— The  edge  of  the  Style,  which  by  its  ihadow  marks 
the  hours  on  the- face  of  the  dial,  is  to  be  let  according 
to  the  latitude,  always  parallel  to  the  axis  of  the  world. 

STYLOBATA,  or  Stylobaton,  in  Architedlure, 
the  fame  with  the  pedeftal  of  a column.  It  is  fome- 
times  taken  for  the  trunk  of  the  pedeftal,  between  the 
cornice  and  the  bale,  and  is  then  called  truncuii  It  is 
alfo  otherwife  named  abacus . 

SUBCONTRAPvY  pofi-  - 
tion,  in  Geometry,  is  when 
two  equiangular  triangles,  as  - 
VAB  and  VCD  are  fo  placed  - 
as  to  have  one  common  angle 
V at  the  vertex,  and  yet  their  " 
bafes  not  parallel.  Confe-  - 
quently  the  angles  at  the  ' 
bafes  are  equal,  but  on  the 
contrary  Tides  ; viz,  the  Z.  \ 

~ Z_C,andthc  /.B  = Z.D. 

If  the  oblique  cone  VAB  ovYahy  having  the  circu* 
lar  bafe  AEB,  or  asb,  be  fo  cut  by  a plane  DEC,  that 
the  angle  D be  = the  AB,  or  the  Z.C  = Z.A,  then 
the  cone  is  faid  to  be  cut,  by  this  plane,  in  a Subcon- 
trary poTifion  to  the  bafe  AEB,  or  a eb 'y  and  in  this 
cafe  the  fecllon  DEC  is  always  a circle,  as  - well  as  the 
bafe  AEB  or  ash.  • 

SUBDUCTiON,  In  Arithmetic,  the- fame  as  Sub- 
traction. 

SUBDUPLE  'R  a!iOy  is  when-  any  number  or  quanti* 
tity  is  the  half  of  another,  or  contained  twice  in  it. 
Thus,  3 is  faid  to  be  fubduple  of  6,  as  3 is  the  half  of 
6,  or  is  twice  contained  in  it. 

SUBDUPEICATE  Railoy  of  any  two  quantities,  is 
the  i-atio  of  their  fquare  roots,  being  the  oppofite  to  du- 
plicate ratio,  which  Is  the  ratio  of  the  fquares.  Thus,  ' 
of  the  qiniitities,  a andY,  the  fubduplicate  ratio  is  that 

X i 

of  k/ a to  •yl  or  “ to  Py  as  the  duplicate  ratio  is  that  . 
of  a'^  to 

SUBLIME  Geometry y the-  higher- geometry,  or  that 
of  curve  lines.  See  Geometry, 

SUBLUNARY,  is  faid  ofall  things  below  the  moon; 
as  all  things  on  tire  earth,  or  in  its  atmofphere,  &c. 

SUBMULTiPLE,  the  contrary  of  a multiple,  being 
a number  or  quantity  >which  is  contained  exaftiya  cer- 
tain number  of  times-in  another  of  the  fame  kind  ; orit- 
is  the  fame  as  an  aliquot  part  of  it.  -Thus,-  303  a Sub- 
multiple' of  21,  or  an  aliquot  pai;t  of  it,  becaufe  21  is  a 
multiple  of  3.  ’•  ' , 

Submultiple  Ratloy  is  theratio  of  a Submultiple  or 
aliquot  part,  to  ica  multiple  ; as  the  ratio  of  3 to_  2 i. 

SUBNORMAL,  in  Geometry,  is  the  fuhperpendi- 
cular  AC,  or  line  under  the  perpendicular  to  the  curve 
BC,  a term  ' ufed  in  curve  lines  to  denote  the  dillance 
AC  in  the  axis,  between  the  ordinate  AB,  and  theyer-  » 
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pendicnhr  BC  to  tlie  curve  or  to 
ilie  tangent.  And  the  fa  id  per- 
pendicular BC  is  the  normal, 

!n  all  carves,  the  Subnormal 
AC  is  a 3d  proportional  to  tlie 
fnbtangent  TA  and  the  ordinate 
AH  ; and  in  the  parabola,  it  is  equal  to  half  the  para- 
meter of  the  axis. 

SUBSTITUTION,  in  Algebra,  is  the  putting  and 
iifing,  in  an  equation,  one  quantity  inftead  of  another 
which  is  equal  tO  it,  but  expreiTed  after  another  manner. 
See  Reduction  of  Equations. 

SUBSTR ACTION,  or  Subtraction,  in  Arith- 
metic, is  the  taking  of  one  number  or  quantity  from 
another,  to  find  the  remainder  or  difference  between,, 
them  ; and  is  ufually  made  the  fecond  rule  in  arithmetic. 

The' greater  number  or  quantity  is  called  the  minuend, 
the  lefs  is  the  fuhtrahend,  and  the  remainder  is  the  dlffer'‘ 
ence.  Alfo  the  fign  of  Subtraction  is  or  minus. 

Subtraction  of  Whole  Numbers,  is  performed  by 
fetting  the  lefs  number  below  the  greater,  as  in  addition, 
units  under  units,  tens  under  tens,  See  ; and  then,  pro- 
ceeding from  the  right  hand  towards  the  left,  fubtradf  or 
take  each  lower  figure  from  that  jufl  above,  and  fet 
down  the  feveral  remainders  or  differences  underneath  ; 
and  thefe  will  compofe  the  whole  remainder  or  differ- 
ence of  the  two  given  numbers.  But  when  any  one  of 
the  figures  of  the  under  number  is  greater  than  that  of 
the  upper,  from  which  it  is  to  be  taken,  you  muff  add 
10  (in  your  mind)  to  that  upper  figure,  then  take  the 
under  one  from  this  fum,  and  fet  the  difference  under- 
neath, carrying  or  adding  i to  the  next  under  figure  to 
be  fubtraded.  Thus,  for  example, 'to  fubtradt  2904821 
from  37409732 

Minuend  374^973^ 

Subtrahend  2904821 


Difference  34^04911 


Proof  ' 37409732 


To  pfonoe  SuhtraWion  : Add  the  remainder  or  differ- 
ence to  the  lefs  number,  and  the  fum  will  be  equal  to 
the  greater  when  the  work  is  right. 

Subtraction  of  Decimals,  is  performed  in  the  fiime 
manner  as  in  whole  numbers,  by  obferving  only  to  fet 
the  figures  or  places  of  the  fame  kind  under  each  other. 
Thus  : 

From  331 ’04  *479  27 

Take  72-71  *0573  0*936 

Diff.  278*33  *4217  26*064 

To  SultraB  Vulgar  Fra&tons,  Reduce  the  two  frac- 
tions to  a common  denominator,  if  they  have  different 
ones  ; then  take  the  lefs  numerator  from  the  greater, 
and  fet  the  remainder  over  the  common  denominator, 
for  the  difference  fought. — N.  B.  It  is  bed  to  fet  the 
lefs  fradlion  after  the  greater,  w'lth  the  fign  ( — ) of 
fubtraftion  between  them,  and  the  mark  of  equality 
( = ) after  them. 

Thus,  ^ 

And  I ~ = f j - If  = /j. 


Subtraction,  in  Algebra,  is  performed  by  changing 
the  figns  of  all  the  terms  of  the  fubtrahend,  to  their 
contrary  figus,  viz,  T into  — j and  — into  4-  ; and 
then  uniting  the  terms  with  thole  of  the  minuend  after 
the  manner  of  addition  of  Algebra. 


From 

4- 

Take 

4-  2a 

Rem. 

6a  — 2a 

From 

4“  6a 

Take 

— za 

Rem. 

6a 

8^. 

From 

— 6a 

Take 

4~  2 a 

Rem. 

— 6a  — 2 a 

— 8^. 

From 

— 6a 

Take 

— ■ 4<2 

Rem. 

— 6^7  4-  4^®  — 

: — 

From 

2c7  ■—  3T  4-  52; 

- 6 

Take 

6 a 4”  4*^  T 5® 

4-  4 

Rem.  - 

-4^31  — 7^*  0 

— 10 

SUBSTILE,  or  Substilar  Lfme,  in  Dialling,  a 
right  line  upon  which  the  ffile  or  gnomon  of  a dial  is 
eredted,  being  the  common  fedlion  of  the  face  of  the 
dial  and  a plane  perpendicular  to  it  palling  through  the 
flile. 

The  angle  included  between  this  line  and  the  ffile,  is 
called  the  elevation  or  height  of  the  ffile. 

In  polar,  horizontal,  meridional,  and  northern  dials, 
the  Subffilar  line  is  the  meridional  line,  or  line  of  1 2 
o^clock  ; or  the  interfedlion  of  the  plane  of  the  dial 
with  that  of  the  meridian.- — In  all  declining  dials,  the 
Subffilc  makes  an  angle  wuth  the  hour  line  of  17,  and 
this  angle  is  called  the  diftance  of  the  Subftile  from  the 
meridian. — In  eafferly  and  wefterly  dials,  the  lubtiilar 
line  'is  the  line  of  6 o’clock,  or  the  interfediion  of  the 
dial  plane  wuth  the  prime  vertical. 

SUBSUPERPARTICULAR.  1 . ^ 

SUBSUPERPARTICUS.  j ^^tio. 

SU’BTANGENT  0/ a curve,  is  the  line  TA  in  the 
axis  below  the  tangent  TB,  or  limited  between  the  tan- 
gent and  ordinate  to  the  point  of  contaft.  (See  the 
laft  figure  above). 

The  tangent,  fubtangent,  and  ordinate,  make  a right- 
angled  triangle. 

In  all  paraboliform  and  hyperboliform  figures,  the 
Subtangent  is  equal  to  the  abfeifs  multiplied  by  the  ex- 
ponent of  the  pow'er  of  the  ordinate  in  the  equation  of 
the  curve.  Thus,  in  the  common  parabola,  whole 
property  or  equation  is  px  — y*’,  the  Subtangent  is 

equal  to  2 a,  double  the  abfeifs.  And  if  oi* 

px  = 


< . 
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— y^f  then  the  Subtangent  is  .=  Alfo  if 

^ ^ ftt  n 

a X =z  y , ov  px  ~ y " , the  Subtangent  is  = 
m -{-  n 


n 


X.  SccJlfti/jodofTANGEHTS, 


SUBTENSE,  in  Geometry,  of  an  arc,  is  the  fame 
as  the  chord  of  the  arc  ; but  of  an  angle,  it  is  a line 
drawn  acrofs  from  the  one  leg  of  the  angle  to  the  other, 
or  between  the  two  extremes  of  the  arc  that  meafures 
the  angle. 

SUBTR ACl’ION.  See  Substraction. 

SUB  TRIPLE, ^ is  when  one  quantity  is  the  part 
of  anolhei  ; as  2 is  Subtriple  of  6.  And  Subtriple 
Ratio,  is  the  ratio  of  i to  3. 

SUBl  RIPLICATE  Ratio,  is  the  ratio  of  the  cube 
roots.  So  the  Subtriplicate  ratio  of  a to  h,  is  the  ratio 

of  \/ a to  or  of  to 

oUCCESSION  of  Signs,  in  Ailronomy,  is  the  or- 
der in  which  they  are  reckoned,  or  follow  one  anotlier, 
and  according  to  which  the  fun  enters  them  ; called 
■alfo  conftquentia.  As  Aries,  Taurus,  Gemini,  Cancer, 

&G. 

When  a planet  goes  according  to  the  order  and  fuccef- 
fion  of  the  figns,  or  in  confequentia,  it  is  faid  to  be  di- 
rect ; but  retrograde  when  contrary  to  the  fuccefTion  of 
the  figns,  or  in  antecedentia,  as  from  Gemini  to  Taurus, 
then  to  Aries,  (S:c. 

SUCCULA,  in  Mechanics,  a bare  axis  or  cylinder 
with  tlaves  in  it  to  move  it  round ; but  without  any 
tympanum,  or  peritrochium. 

SUCKER,  in  Mechanics,  a name  by  which  fome- 
tirnes  is  called  the  piflon  or  bucket,  in  a fucking  pump  ; 
and  fometimes  the  pump  itfelf  is  fo  called. 

^hJCKlNG-Pz/;/?y>,  the  common  pump,  working 
by  two  valves  opening  upwards.  See  Pump. 

SUMMER,  the  name  of  one  of  the  feafons  of  the 
year,  being  one  of  the  quarters  when  the  year  is  divided 
into  4 quarters,  or  one  half  when  the  year  is  divided 
only  into  two,  Summer  and  winter.  In  the  former 
cafe,  Summer  is  the  quarter  during  which,  in  northern 
climates,  the  fun  is  palling  through  the  three  fuTus 
Cancer,  Leo,  Virgo,  or  from  the  time  of  the  greatell 
declination,  till  the  fun  come  to  the  equinodial  again, 
or  have  no  declination  ; which  is  from  about  the  2 ill  of 
June,  till  about  the  2 2d  of  September.  In  the  latter 
cafe,  Summer  contains  the  6 warmer  months,  while 
the  fun  is  on  one  fide  of  the  equinodial ; and  winter 
the  other  6 months,  when  the  fun  is  on  the  other  fide 
of  it. 

It  IS  faid,  that  a fi  ofly  winter  produces  a dry  Summer  j 
and  a mild^  winter,  a wet  Summer.  See  Philof,  Tranf! 
no.  45K,  feet.  10. 

Summer  Soljlice,  the  time  or  point  when  the  fun 
comes  to  his  greatell  declination,  and  neared  the  zenith 
of  the  place.  See  Solstice. 

^ SUM,  the  quantity  produced  by  addition,  or  by  ad- 
ding two  or  more  num-bers  or  quantities  together.  So 
the  Slim  of  6 and  4 is  10,  and  the  Sum  of  a and  b is 
Q d-  b. 

SUN,  So r,  O,  i'll  Agronomy,  the  great  luminary 
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which  enlightens  the  world,  and  by  his  prefence  confth 
tutes  day. 

The  Sun,  which  was  reckoned  among  the  planets  in 
the  infancy  of  ailronomy,  fliould  rather  be  counted 
among  the  fixed  liars.  He  only  appears  brighter  and 
large^r  than  they  do,  becaufe  we  keep  conftantly  near 
the  Sun  ; whereas  we  are  immenfely  farther  from  the 
liars.  But  a fpeclator,  placed  as  near  to  any  flar  as  we 
ai c to  the  Sim,-  would  probably  fee  that  flar  a body  as 
large  and  as  bright  as  the  Sun  appears  to  us ; and,  on 
the  other  hand,  a fpetlator  as  far  dillant  from  the  Sun 
as  we  are  from  the  liars,  would  fee  the  Sun  as  fmall  as 
we  fee  a liar,  divefled  of  all  his  ci; cumvolving  planets; 

and  he  would  reckon  it  one  of  the  ftars  in  numbering’ 
them.  * 

According  to  the  Pythagorean  and  Copernican  hy- 
pothefis,  W'iiica  is  now  generally  received,  and  has 
been  demonfirated  to  be  the  true  fyflem,  the  Sun  is 
the  common  centre  of  all  the  planetary  and  cometary 
fyflem  ; around  vvliich  all  the  planets  and  comets,  and 
our  ea-th  among  the  reft,  revolve,  in  different  periods, 
according  to  their  different  diflances  from  the  Sun. 

But  the  Sun,  though  thus  eafed  of  that  prodigious 
motion  by  which  the  Ancients  imagined  he  revolved 
daily  round  our  earrh,  yet  is  he  not  a perfedlv  quiefeent 
body.  For,  from  the  phenomena  of  his  macula  or  fpots, 
It  evidently  appears,  that  he  has  a rotation  round  his  axis, 
like  that  of  the  earth  by  wdiich  our  natural  day  is  mea- 
fured,  but  only  flower.  For,  fome  of  thefe  fpots  have 
made  their  firll  appearance  near  the  edge  or  margin  of 
the  Sun,  from  (hence  they  have  feemed  gradually  to 
pafs  over  the  Sun’s  face  to  the  oppofite  edge,  then  dif- 
appear  ; and  hence,  after  an  abfence  of  about  14  days, 
they  have  reappeared  in  their  fii  fl  place,  and  have  taken 
the  fame  courfe  over  again  ; finiflnng  their  entire  circuit 
in  27  days  12''^  20™  ; wdiich  is  hence  inferred  to  be  the 
period  of  the  Sun’s  rotation  round  his  axis  ; and  there- 
lore  the  periodical  time  of  the  Sun’s  revolution  to  a 
fixed  flar  is  25**  13'’  16"^;  becaufe  in  zf  1 2*^  20’”  of  the 
month  of  May,  when  the  obfci  vations  \vei  e made,  the 
earth  deferibes  an  angle  about  the  Sun’s  centre  of 
26°  22^,  and  therefore  as  the  angular  motion 

360°  + 26«  22'  ; 360°  ; ; 27'  12'’  20"^  : 25=^ 

1 his  motion  of  the  fpots  is  from  well  to  call ; whence 
we  conclude  the  motion  of  the  Sun,  to  which  the  other 
is  owing,  to  be  from  eafl  to  well. 

Befide  this  motion  round  his  axis,  the  Sun,  on  account 
of  the  various  attraflions  of  the  fiinuunding  planets,  is 
agitated  by  a fmall  motion  round  the  centre  of  gravity 
of  the  lyltem.— Whether  the  Sun  and  Ears  base  any  pro- 
per motion  of  their  own  in  the  immenfity  of  fpace 
however  fmall,  is  not  abfolutely  certain.  Though  fome 
very  accurate  oblerveis  liave  intimated  conjcdiires  of 
tin’s  kind,  and  have  made  fuch  a general  motion  not  im- 
probable. See  Stars. 

y/s  for  the  apparent  annual  motion  of  the  Sun  round  the 
earth  ; itisealilv  fliewn,  by  allronorners,  that  the  real 
annual  motion  of  the  earth,  about  tlie  Sun,  will  caide 
fuch  an  appearance.  A fpeaator  in  the  Sun  would 
fee  the  earth  move  fiorn  well  to  eafl,  for  the  fame  lea- 
fon  a.s  we  fee  the  Sun  move  from  eafl  to  wcfl ; and  all 
the  phenomena  rcfulting  from  this  annual  motion  in 
whichfoever  of  the  bodies  it  be,  will  appear  the  fame 

^ ^ fruiTi 
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from  either.  And  hence  arifes  that  apparent  motion  of 
the  Sun,  by  which  he  is  feen  to  advance  infenfibly  to- 
wards the  caflern  liars  ; in  fo  raucli  that,  if  any  (lar, 
near  the  ecliptic,  rife  at  any  time  with  the  Sun  ; after 
a few  days  the  Sun  will  be  got  more  to  the  call  of  the 
liar,  and  the  ftar  will  rife  and  fet  before  him. 

Nature,  Properties,  Figure,  Uc,  of  the  Sun. 

Thofe  who  have  maintained  that  the  fubflance  of  the 
Sun  is  fire,  argue  in  the  following  manner : The  Sun 
fltines,  and  his  rays,  colledied  by  concave  mirrors,  or 
convex  lenfes,  do  burn,  confum.e,  and  melt  the  moll 
folid  bodies,  or  elfe  convert  them  into  afhes,  or  glafs  : 
therefore,  as  the  force  of  the  folar  rays  is  diminifhed, 
by  their  divergency,  in  a duplicate  ratio  of  the  dillances 
reciprocally  taken  ; it  is  evident  that  their  force  and 
effeik  are  the  fame,  when  colledfed  by  a burning  lens, 
or  mirror,  as  if  we  were  at  fiich  diftance  from  the  fun, 
where  they  were  equally  denfe.  The  Sun’s  rays  there- 
fore, in  the  neighbourhood  of  the  Sun,  produce  the 
fame  effedis,  as  might  be  expedled  from  the  moil:  ve- 
hement fire  ; confequently  the  Sun  is  of  a fiery  fub- 
itance. 

Hence  it  follows,  that  its  furface  Is  probably  every 
where  fluid  ; that  being  the  condition  of  flame.  Indeed, 
whether  the  whole  body  of  the  Sun  be  fluid,  as  fome 
think  ; or  folid,  as  others  ; they  do  not  prefume  to  de- 
termine : but  as  there  are  no  other  marks,  by  v/hich 
to  diftingulfh  fire  from  other  bodies,  but  light,  heat,  a 
power  of  burning,  confuming,  melting,  calcining,  and 
vitrifying  ; they  do  not  fee  what  fhoiild  hinder  but 
that  the  Sun  may  be  a globe  of  fire,  like  our  fires,  in- 
vefled  with  flame  : and,  fuppofing  that  the  maculae  are 
formed  out  of  the  folar  exhalations,  they  infer  that  the 
Sun  is  not  pure  fire  ; but  that  there  are  heterogeneous 
parts  mixed  along  with  It. 

Philofophers  have  been  much  divided  in  opinion  with 
refpedt  to  the  nature  of  fire,  light,  and  heat,  and  the 
caufes  that  produce  them  : and  they  have  given  very 
different  accounts  of  the  agency  of  the  Sun,  with  which, 
whether  we  confider  them  as  fubilances  or  qualities, 
they  are  intimately  connedled,  and  on  wdiich  they  feem 
primarily  to  depend.  Some,  among  whom  we  may 
reckon  Sir  Ifaac  Newton,,  confider  the  rays  of  light  as 
compofed  of  fmall  particles,  which  are  emitted  from 
fhining  bodies,  and  move  with  uniform  velocities  In 
uniform  mediums,  but  with  variable  velocities  In  me- 
diums of  variable  denfilies.  Thefe  particles,  fay  they, 
a6l  upon  the  minute  conflituent  parts  of  bodies,  not  by 
Impadt,  but  at  fome  indefinitely  fmall  diftance  ; they  at- 
tradl  and  are  attradled  ; and  In  being  refledted  or  re- 
fradled,  they  excite  a vibratory  motion  in  the  compo- 
nent particles.  This  motion  increafes  the  diftance  be- 
tween the  particles,  and  thus  occafions  an  augmentation 
of  bulk,  or  an  expanfion  in  every  dlmenfion,  which  Is 
the  moft  certain  charadfeiiftic  of  fire.  This  ep^panfion, 
which  is  the  beginning  of  a difunion  of  the  parts,  being 
increafed  by  the  increafing  magnitude  of  the  vibrations 
proceeding  from  the  continued  agency  of  light,  it  may 
eafily  be  apprehended,  that  the  particles  will  at  length 
vibrate  beyond  their  fphere  of  mutual  attiadflon,  and 
thus  the  texture  of  the  body  will  be  altered  or  deftroyed  ; 
from  folid  it  may  become  fiuidj  as  in  melted  gold  j or 


from  being  fluid,  it  may  be  dlfpeiTed  in  vapour,  as  m? 
boiling  water. 

Others,  as  Boerhaave,  reprefent  fire  as  a fabdance/wi 
generis,  unalterable  In  Its  nature,  and  incapable  of  being 
produced  or  deftroyed  ; naturally  exifting  In  equal  quan- 
tities in  all  places,  imperceptible  to  our  fenfes,  and  only 
difcoverable  by  its  effects,  when,  by  various  caufes,  it 
• is  collefted  for  a time  into  a leCs  fpace  than  that  which 
it  would  otherwife  occupy.  The  matter  of  this  fire  is 
not  in  any  wife  fuppofed  to  be  derived  from  the  Sun  : 
the  folar  rays,  whether  direef  or  refledled,  are  of  ufe 
only  as  they  impel  the  particles  of  fire  in  parallel  direc- 
tions : that  parallelllm  being  deftroyed,  by  intercepting 
the  folar  rays,  the  fire  inftantly  alfumes  Its  natural  ftate 
of  uniform  diffulion.  According  to  tliis  explication,, 
which  attributes  heat  to  the  matter  of  fire,  when  driven 
in  parallel  diredlions,  a much  greater  degree  muft  be 
given  It  when  the  quantity,  fo  colledfed,  is  amafled  intO' 
a focus  ; and  yet  the  focus  ol  the  largeft  fpeculum  does 
not  heat  the  air  or  medium  in  which  it  is  Is  founds 
but  only  bodies  of  denfitles  different  from  that  me- 
dium. 

M.  de  Luc  (Lettres  Fhyfiques),  is  of  opinion,  that 
the  folar  rays  are  the  principal  caufe  of  heat ; but 
that  they  heat  fuch  bodies  only  as  do  not  allow  them  a 
free  pafiage.  In  this  remark  he  agrees  with  Newton 
but  then  he  differs  totally  from  him,  as  well  as  from 
Boerhaave,  concerning  the  nature  of  the  rays  of  the 
Sun.  He  does  not  admit  the  emanation  of  any  lumi- 
nous corpufcles  from  the  Sun,  or  other  felf-ftiining 
fubftances,  but  fuppofes  all  fpace  to  be  filled  with  an 
ether  of  great  elafticity  and  fmall  denfity,  and  that 
light  confifts  In  the  vibrations  of  this  ether,  as  found 
confifts  In  the  vibrations  of  the  air.  Upon  Newton’s 
fuppofition,  fays  an  excellent  writer,  the  caufe  by 
which  the  particles  of  light,  and  the  corpufcles  con- 
flltuting  other  bodies  are  mutually  attracted  and  repelled,, 
is  uncertain.  The  reafon  of  the  uniform  diffufion  of 
fire,  of  its  vibration,  and  repercufiion,  as  ftated  in 
Boerhaave’s  opinion,  is  equally  inexplicable.  And  in 
the  laft  mentioned  hypothefis,  we  may  add  to  the 
other  difficulties  attending  the  fuppofition  of  an  univer- 
fal  ether,  the  want  of  a firft  mover  to  make  the  Sun  vi- 
brate. Of  thefe  feveral  opinions  concerning  elemen- 
tary fire,  it  may  be  faid,  as  Cicero  remarked  upon  the 
opinions  of  philofophers  concerning  the  nature  of  the 
foul : Ilarum  Jententiarum  quee  vera  fit,  Feus  aliquis  ‘vl- 
derit  ; quee  nserlf  mlUima,  magnci  quejlio  ejig’  Watfoii’s- 
Chem.  EIT.  vol.  I,  pa.  164. 

As  to  the  Figure  of  the  duN  ; this,  like  the  planets,  is 
not  perfcftly  globular,  but  fpheroldical,  being  higher 
about  the  equator  than  at  the  poles.  The  reafon  ot 
which  is  this;  the  Sun  has  a motion  about  his  own  axis 
and  therefore  the  folar  matter  will  have  an  endeavour  to- 
recede  from  the  axis,  and  that  with  the  greater  force 
as  their  diftances  from  it,  or  the  circles  they  move  in? 
are  greater  : but  the  equator  Is  the  greateft  circle  ; and 
the  reft,  towards  the  poles,  continually  decreafe  ; there- 
fore the  folar  matter,  though  at  firft  in  a fphericalforni, 
wall  endeavour  to  recede  from  the  centre  of  the  equa- 
tor farther  than  from  the  centres  of  the  parallels.  Con« 
fequently,  fince  the  gravity,  by  which  it  is  retained  m 
its  place,  is  fuppofed  to  be  uniform  throughout  the 

whole  Sun,  it  will  really  recede  from  the  centre  more  at 

the 
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tne  equator,  than  at  any  of  the  parallels  ; and  hence 


the  Sun’s  diameter  will  be  greater  through  the  equator, 
than  through  the  poles  ; that  is,  the  Sun’s  figure  is  not 
perfedtly  fpherical,  but  fpheroidical. 

Several  particulars  of  the  Sun,  related  by  Newton,  in 
his  Principia,  are  as  follow  ; 

1.  That  the  denfity  of  the  Sun’s  heat,  which  Is  pro- 
portional to  his  light,  is  7 times  as  great  at  Mercury  as 
with  us;  and  therefore  our  water  there  would  be. all 
carried  ofT,  and  boil  away  : for  he  found  by’  experi- 
ments of  the  thermometer,  that  a heat  but  7 times 
greater  than  that  of  the  Sun  beams  in  fuminer,  will 
lervc  to  make  water  boil. 

2.  That  the  quantity  of  matter  in  the  Sun  is  to  that 
hi  Jupiter,  nearly  as  1100  to  i ; and  that  the  dillance 
of  that  planet  from  the  Sun,  is  in  the  fame  ratio  to  the 
Sun’s  femidiameter. 

3.  That  the  matter  in  the  Sun  is  to  that  In  Saturn, 
as236o  to  I ; and  the  diftance  of  Saturn  from  the  Sun 
is  ill  a ratio  but  little  lefs  than  that  of  the  Sun’s  femi- 
diameter. And  hence,  that  the  common  centre  of  gra-  ^ 
rity  of  the  Sun  and  Jupiter  is  nearly  in  the  fuperficles 
©f  the  Sun  ; of  the  Sun  and  Saturn,  a little  within  it. 

4.  And  by  the  fame  mode  of  calculation  it  will  be 
found,  that  the  common  centre  of  gravity  of  all  the 
planets,  cannot  be  more  than  the  length  of  the  folar 
diameter  diflant  from  the  centre  of  the  Sun.  This 
common  centre  of  gravity  he  proves  is  at  reft  ; and 
therefore  though  the  Sun,  by  reafon  of  the  various  po- 
fttlonsof  the  planets,  may  be  moved  every  way,  yet  It 
cannot  recede  far  from  the  common  centre  of  gravity, 
and  this,  he  thinks,  ought  to  be  accounted  the  centre 
of  our  world.  Book  3,  prop.  J2. 

5.  By  means  of  the  folar  fpots  It  hath  been  dlfcover- 
ed,  that  the  Sun  revolves  round  his  own  axis,  without 
mo^’Ing  confidcrahly  out  of  his  place,  in  about  2^  days, 
and  that  the  axis  of  this  motion  is  inclined  to  the  eclip- 
tic in  an  angle  of  87°  30'  nearly.  The  Sun’s  apparent 
diameter  being  fenfibly  longer  in  December  than  in  June, 
the  Sun  muft  be  proportionably  nearer  to  the  earth  in 
winter  than  in  Summer  ; In  the  former  of  which  feafons 
therefore  will  be  the  perihelion,  in  the  latter  the  aphe- 
lion : and  this  is  alfo  confirmed  by  the  earth’s  motion 
being  quicker  in  December  than  in  June,  as  it  is  by  about 
^^5  part.  For  fince  the  earth  always  deferibes  equal 
areas  hi  equal  times,  whenever  It  moves  fwifter,  It  muft 
needs  be  nearer  to  the  Sun  ; and  for  this  reafon  there 
are  about  8 days  more  from  the  fun’s  vernal  equinox 
to  the  autumnal,  than  from  the  autumnal  to  the  ver- 
nal. 

6.  That  the  Sun’s  diameter  is  equal  to  100  diameters 
of  the  earth;  and  therefore  the  body  of  the  Sun  muft 
be  i.oooooo  times  greater  than  that  of  the  earth. — Mr.  ' 
Azout  affures  us,  that  he  obferved,  by  a very  exach  me- 
thod, the  Sun’s  diameter  to  be  no  lefs  than  21^  45'^  in 
his  apogee,  and  not  greater  than  32'  45'''  in  his  peri- 
gee. 

7.  .According  to  Newton,  In  his  theory  of  the  moon, 
the  mean  apparent  diameter  of  the  Sun  Is  32'  12 'ft — 
The  Sun’s  horizontal  parallax  is  now  fixed  at  8''^%. 

8.  If  you  divide  360  degrees  (the  whole  ecliptic)  by 
the  quantity  of  the  folar  year,  it  will  give  59'  8"  ^c, 
which  therefore  Is  the  medium  quantity  of  the  Sun’s 
-daily  motion  : and  if  this  59'  8"  be  divided  by  24,  you 


have  tlie  Sun’s  horary  motion  equal  to  2^28":  and  if 
this  laft  be  divided  by  60,  it  will  give  his  motion  in  a 
minute,  &c.  And  in  this  way  are  the  tables  of  the 
Sun’s  mean  motion  conllrudfed,  as  placed  in  books  of 
Aftronomical  tables  and  calculations. 

SUNDAY,  the  firft  day  of  the  week  ; thus  called 
by  our  idolatrous  anceftors,  becaufe  fet  apart  for  the 
worfliip  of  the  fun. 

It  is  fometimes  called  the  LorePs  Day,  becaufe  kept 
as  a feaft  in  memory  of  our  Uord’s  refurredfion  on  this 
day : and  alfo  Salhath-day,  becaufe  fubllituted  under 
the  new  law  Inftead  of  the  Sabbath  in  the  old  law. 

Jt  was  Conftantine  the  Great  who  firft  made  a law  for 
the  proper  obfervation  of  Sunday  ; and  who,  according 
to  Eufebius,  appointed  that  it  Ihould  be  regularly  cele- 
brated throughout  '.he  Roman  empire. 

Sunday  l.etttr.  See  Dominical 
SUPERFICIAL,  relating  to  Superficies, 
SLTPERFICIES,  or  Surface,  in  Geometry,  the 
outfide  or  exterior  face  of  any  body.  This  is  confidered 
as  having  the  two  dlmenjions  of  length  and  breadth 
only,  but  no  tliicknefs  ; and  therefore  it  makes  no  part 
of  the  fubftance  or  folid  content  or  matter  of  the 
body. 

The  terms  or  bounds  or  extremities  of  a Superficies, 
are  lines  ; and  Superficies  may  be  confidered  as' generated 
by  the  motions  of  lines." 

Superficies  are  either  redtilinear,  curvilinear,  plane, 
concave,  or  convex.  A 

ReBilincar  Superficies,  is  that  which  is  bounded 
by  right  lines. 

Curvilinear  Superficies,  is  bounded  by  curve 
lines. 

Plane  Superficies  is  that  which  has  no  inequality 
in  it,  nor  rilings,  nor  finkings,  but  lies  evenly  and 
ftraight  throughout,  fo  that  a right  line  may  wholly  coin- 
cide with  it  in  all  parts  and  direftions. 

Superficies,  is  tliat  which  is  curved  and 
rifes  outwards. 

Coueave  Superficies,  is  curved  and  finks  inward. 

The  meafurc  or  quantity  of  a Surface,  Is  called  the 
area  of  it.  And  the  linding  of  tills  meaiure  or  area,  is 
fometimes  called  the  quadrature  of  it,  meaning  the  re- 
ducing it  to  an  ecjiral  fquare,  or  to  a certain  number  oB 
fmaller  fquarcE.  For  all  plane  figures,  and  the  Surfaces 
of  all  bodies,  are  meaiured  by  fquares  ; as  fquare  Inches, 
or  fquare  feet,  or  fquare  yards,  &c  ; that  is,  fquares 
whofe  fides  are  inches,  or  feet,  or  yards,  &c.  Our 
lead  fuperficial  meaiure  is  the  fquare  inch,  and  other 
fquares  arc  taken  from  It  according  to  the  proportion  i* 
the  following  Table  of  fuperficial  or  fquare  meafure.  •, 

i 

fable  of  Superficial  or  Square  Meafure.  < 

144  fquare  Inches  = i fquare  foot 
9 fquare  feet  = i fquare  yard 
30^  fquare  yards  i fquare  pole 
16  fquare  poles  =:  i fquare  chain 
10  fquare  chains  rr:  i acre 
640  acres  - - = i fquare  mile. 

The  Superficial  meafure  of  all  bodies  and  figures  de- 
pends entirely  on  that  of  a redlangle ; and  this  is  found 
by  drawing  or  multiplying  the  length  by  the  breadth  of 
3 Zi  2 it  j 
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h ; IS  proved  from  plane  i^eometry  ©nly,  in  my  M'eu- 
luration,  pt.  2,  feft:.  !,  prob.  i.  From  the  area  of  tlie 
rectangle  we  obtain  that  of  any  oblique  parallelogram, 
which,  by  geometry,  is  equal  to  a re6tangle  of  equal 
bafe  and  altitude  ; thence  a triangle,  which  is  the  half 
of  fuch  a parallelogram  or  reflangle  ; and  hence,  by 
compoiition,  we  obtain  the  Siiperiicies  of  all  other  fi- 
gures whatever,  as  thefe  may  be  confidered  as  made  up 
of  triangles  only. 

Beiide  this  way  of  deriving  the  Superiicics  of  all  fi- 
gures, which  is  the  mod  fimple  and  natural,  as  proceed- 
ing on  common  geometry  alone,  there  are  certain  other 
methods ; fuch  as  the  methods  ofexhauftions,  of  fluxions, 
&c.  See  thefe  articles  in  their  places,  as  alfo  Quadra- 
tures. 

Ling  of  Superficies,  a line  ufually  found  on  the 
fedor,  and  Gunter’s  fcale.  The  defcription  and  life 
of  which,  fee  under  Sector  and  Gunter’s  Scale, 

SUPER  PARTICULAR  Proportion,  or  Ratio,  is 
that  in  which  the  greater  term  exceeds  the  lefs  by  unit 
or  I.  As  the  ratio  of  1 to  2,  or  2 to  3,  or  3 to  4,  &c. 

SUPERPARTIENT  Proportion,  or  Ratio,  is  when 
the  greater  term  contains  the  lefs  term,  once,  and  leaves 
fome  number  greater  than  i remaining.  As  the  ratio 

of  3 to  5,  which  is  equal  to  that  of  i to  if; 

of  7 to  IQ,  which  isequal  to  that  of  i to  1 1 ; &c, 

SUPPLEMENT,  of  an  arch,  or  angle,  in  Geome- 
try or  Trigonometry,  is  what  it  wants  of  a femicircle, 
or  of  180  degrees  ; as,  the  complement  is  what  it  wants  of 
a quadrant,  or  of  qo  degrees.  So,  the  Supplement  of 
yo'’  is  I 30°  ; as  the  complement  of  it  is  40.°. 

SURD,  in  x\rithmetic,  denotes  a number  or  quantity 
that  is  incommenfiirate  to  unity  ; or  that  is  inexpreffi- 
ble  in  rational  numbers  by  any  known  way  of  notation, 
otherwife  than  by  its  radical  fign  or  index. — This  is 
otherwife  called  an  irrational  or  incommenfurable  number, 
as  alfo  an  imperfeB ponver, 

Thefe  Surds  arife  in  this  manner:  when,  it-is.pro- 
pofed  to  extradl  a certain  root  of  fome  number  or  quan- 
tity, which  is  not  a complete  power  or  a true  figurate 
number  of  that  kind  ; as,  if  its  iquare  root  be  demanded, 
and  it  is  not  a true  fq.uare  or  if  its  cube  root  be  re- 
quired, and  it  is  not  a true  cube,  &c  ; then  it  is  impof- 
lible  to  affign,  either  in  whole  numbers,  or  in  fradlions, 
the  exadi  root  of  fuch  propofed  number.  And  when- 
ever this  happens,  it  is  ufual  to  denote  the  root  by  fetting 
before  it  the  proper  mark  of  radicality,  which  is  ^ , and 
placing  above  this  radical  fign  the  number  that  fhevvs 
what  kind  of  root  is  required.  Thus,  f/ 2 or  v' 2 ligni- 
tes the  fquare  root  of  2,  and  ^ lignlfies  the  cube 
root  of  10  ; which  roots,  becaiife  it  is  impofiible  to  ex- 
prefs  them  in  numbers  exadtly,  arc  properly  called 
Surd  roots. 

There  is  alfo  another  way  of  notation,  now  much  in 
life,  by  which  roots  are  exprelfed  by  fractional  indices, 
without  the  radical  fign  : thus,  like  as  x^,  &c, 

denote  the  fquare,  cube,  4th  power,  &c,  of  a ; fo 

I » y 

x^,  xP , &c,  denote  the  fquare  root,  eubc  root,  4th 
root,  &c,  of  ihe  fame  quantity  a. — The  reafon  of  this 
is  plain  enough  ; for  lince  fx  is  a geometrical  mean 
proportional  between  i and  x,  fo  I is  an  arithmetical 
mean  between  o and  i ; and  therefore,  as  2 is  the  index. 


of  the  fquare  of  x,  will  be  the  proper  index  of 
fquare  root,  &c. 

It  may  be  obferved  that,  for  convenience,  or  the  fake 
of  brevity,  quantities  which  are  not  naturally  Surds,  are 
often  expreliVd  in  the  form  of  Surd  roots.  Thas 
y' 2 7,  are  the  fame  as  2,  3. 

Surds  are  (tixhts Jimpie  or  compound. 

Simple  Surds,  are  luch  as  are  exprelfed  by  one  Tingle 
term  ; as  -U2,  or  If  a,  &c. 

Compound  Surds,  are  fuch  as  conlill  of  two  or  more 
fimple  Surds  conueCted  together  by  the  figns  + or  — ; as- 

d"  or  \/3  — fi,  or  y/" 5 -p  2 : which 

lall  is  called  an  vniverfal  root,  and  denotes  the  cubic 
root  of  the  fum  arifmg  by  adding  5 and  the  root  of  2. 
together. 

Of  certain  Operations  by  Surds. 

I . Such  Surds  as  a/ 2,  /1/3,  ^ 8ic,  though  they 
are  themfelves  incommenfurable  with  unity,  according 
to  the  definition,  are  commenfurable  in  power  with  it, 
becaufe  their  powers  are  integers,  which  are  multiples 
of  unity.  They  may  alfo  be  fometimes  commenfurable 
with  one  another;  as  a/S  and  ^2,  which  are  to  one 
another  as  2 to  I,  as  is  found  by  dividing  them  by  their 
greateH  common  meafure,  which  is  ^2,  for  then  thole 
two  become  = 2,  and  l the  ratio, 

2.  To  reduce  Rational  ^lantities  to  the  farm  of  any 
propofed  Surd  Roots. — Involve  the  rational  quantity 
according  to  the  index  of  the  power  of  the  Surd,  and 
then  prefix  before  that  power  the  propofed  radical 
fign. 

Thus,  a = A^/a^  = \/a^  =z  = If  a'^, 

and  4 = v^i6  = ^764=  v/256  = ^4",  &c. 

And  in  this  way  may  a fimple  Surd  fraCfion,  whofe 
radical  fign  refers  to  only  one  of  its  terms,  be  changed 
into  another,  which  fhall  include  both  numerator  and 

denominator.  Thus,  is  reduced  to  , and 

5 25 

K I 2 C 

pp-  to  ly : thus  alfo  the  quantity  a reduced  to 

V 4 4 % 

the  form  of  .v"  or  1/a,  is  or  Jfa^.  And  thus 

may  roots  with  rational  coefficients  be  reduced  fo 
as  to  be  wholly  affedled  by  the  radical  fign;  as 

a^x  = a^x. 

3.  To  reduce  Simple  Surds,  having  different  radical 
ftgns  ( which  are  called  heterogeneal  Surds ) to  others  that 

may  have  one  common  radical Jign,  or  which  ar&homogeneaU 
Or  to  reduce  roots  of  different  names  to  roots  of  the  fame 
namely — Involve  the  powers  reciprocally,  eaeh  according^ 
to  the  index  of  the  other,  for  new  powers ; and  mul- 
tiply their  indices  together,  for  the  common  index,. 
Otherwife,  as  Surds  may  be  confidered  as  powers  with 
fractional  exponents,  reduce  thefe  fractional  exponents 
to  fractions  having  the  fame  value  and  a common 
denominator. 

Thus,  by  the  ill  way, 

y a and  IJ/.v  become  and  ^bfx'^ ; 

and^ 


( 
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and,  by  the  id  wav. 


and  .v‘'*  become  and 

Alfo  ^5  and  1/2  are  reduced  to  ^27  and 
which  are  equal  to  them,  and  have  a common  radical 
fign. 

4.  To  reduce  Surds  to  their  mojl  fimjde  exprejtonsy  or 
to  the  lo-wejl  terms  pojfihle, — Divide  the  Surd  by  the 
greateh  power,  of  the  fame  name  with  that  of  the  root, 
which  you  can  difcover  is  contained  in  it,  and  which 
will  meafure  or  divide  it  without  a remainder  ; then 
extra6l  the  root  of  that  power,  and  place  it  before  the 
quotient  or  Surd  fo  divided  ; this  will  produce  a new 
Surd  of  the  fame  value  wu’th  the  former,  but  in  more 
fimple  terms.  Thus,  \/ i6cdx^  by  dividing  by 
and  prefixing  its  root  4^,  before  the  quotient  \/x,  be- 
comes in  like  manner,  or  4X3^ 

becomes  2^/3; 

And  ah^x  reduces  toh^'^ax. 

t/27  X 3 = -4/3 


Alfo  ^81  : 


X 3 = 3’VS' 


And  ^288  = 4/ 144  X 2 = i2\/2. 

5.  To  Add  and  SuhtraB  Surds, — When  they  are  re- 
duced to  their  low'efi  terms,  if  they  have  the  fame 
irrational  part,  add  or  fubtraft  their  rational  coefficients, 
and  to  the  fum  or  difference  fubjoin  the  common  irra- 
tional part. 

Thus,  -v/75  + a/48  = 5v/3  + 4^3  = 9^3; 

and  a/ i — a/54  = 3 \/6  — 3v^6  = zv'b; 

^ alfo  j^a^x  + a/c'^x  = ai/x  c\/x  = a -j-r.y'A.*, 

Or  fuch  Surds  may  be  added  and  fubtrafted,  by  firff 
fquaringthem  (by  uniting  the  fqiiare  of  each  part  with 
double  their  produd),  and  then  extradfing  the  root 
univerfal  of  the  w'hole.  Thus,  for  the  firff  example 
above,  

•v^7S  + a/48  = ^75  + 48  + 2^/75  X 48  — 

\/i23  4-  = \/ 123  -f  120  = A/243  = 

9v/3- 

If  the  quantities  cannot  be  reduced  to  the  fame  irra- 
tional part,  they  may  juff  be  conntcled  by  the  figns 
4-  or  — . 

6.  To  Multiply  and  Divide  Surds. — If  the  terms 
have  the  fame  radical,  they  will  be  multiplied  and 
divided  like  powers,  viz,  by  adding  their  indices  for 
multiplication,  and  fub trading  them  for  divifion. 

Thus, 


I T 

A/a  X \/ a = X 

5 


= X =:  a 


<f  — If 


i 


and  >y/2  X ^2  zz:  2'^  = !^ 2^  = 2 ; 

alfo  a/^  "dr  \ha  = a'^  ; 

and  a/2  i/2  ==  2^  =z  ^2. 

If  the  quantities  be  different,  but  under  the  fame 
radical  fign  ; multiply  or  divide  the  quantities,  and 
place  the  radical  fign  to  the  proditd  or  quotient. 

Thus,  a/ 2 X = \/ 10; 
and  4/a^  X i/c  = 1/ idc  j 
alfo  ^20  *4-  "//q  = ^5, 


But  if  the  Surds  have  not  the  fame  radical  fign,  re- 
duce them  to  fuch  as  (hall  have  the  fame  radical  lign,' 
and  proceed  as  before. 

Thus,  l/a  X l/h  = X ^ . 

and  a/ 2 X ^4  = x B x 16^^128. 

If  the  Surds  have  any  rational  coefficients,  their 
produd  or  quotient  muff  be  prefixed. 

Thus,  5^6  X 2^3  = ioyi8  = 30^2  ; 


and 


8 a/)  -t-  2^6  = 4a/^. 


7.  Involution  and  Evolution  of  Sure/s.-- Surds  are 

involved,  or  ralfed  to  any  power,  by  multiplying  their 
indlces  by  the  index  of  the  power  ; and  they  are  evol- 
ved or  extraded,  by  dividing  their  indices  by  the  index 
of  the  root. 

Thus,  the  fquare  of  ^2  or  of  2 


I 3 

and  the  cube  of  y/5  or  of  5^,  is  5^' 

I 


= ^4; 

= ; 

- I 1 

alfo  the  fquare  root  of  y 4 or  4^^,  is4^  =l  -rz  \/2. 

Or  thus  : involve  or  extrad  the  quantity  under  the 
ra.dical  fign  according  to  the  power  or  root  required, 
continuing  the  fame  radical  fign. 

So  the  fquare  of  %/ z is  y 4 ; 
and  the  fquare  root  of  ^4,  is  1/2. 

Unlefs  the  Index  of  the  power  Is  equal  to  the  name 
of  the  Surd,  or  a multiple  of  it,  for  in  that  cafe  the 
power  of  the  Surd  becomes  rational.  Thus,  the  fquare 
of  a/ I is  3,  and  the  cube  of  is  a"^. 

Simple  Surds  are  commenfurable  in  powei^  and  by 
belng  multiplied  by  themfeives  give,  at  length,  rational 
quantities  : but  compound  Surds,  multiplied  by  them- 
feives, commonly  give  irrational  produds.  Yet,  in 
this  cafe,  wdien  any  compound  Surd  is  propofed,  there 
Is  another  compound  Surd,  whicli,  multiplied  by  it,, 
gives  a rational  produd. 

Thus,  A/a-{-  /h  multiplied  by  \/a  — a/I  gives  <7- 
and  i/a  — l/b  mult,  by  -f  \/ al i/h^  gives  ^ — 3. 

The  finding  of  fuch  a Surd  as  multiplying  the  propofed 
Surd  gives  a rational  produd,  is  made  eafy  by  three 
theorems,  delivered  by  Maclaurln,  in  his  Algebra,  pa, 
109  &c. 

This  operation  is  of  ufe  in  reducing  Surd  expreffions- 
to  more  fimple  forms.  Thus,  fuppofe  a binomial  Surd 
divided  by  another,  as  ^20  4-  a/ 12  by  ^5  — a/3» 
the  quotient  might  be  expreffed  by 

yzo  + yi2  _ 2a/5  4-  2^3  ^ , 

: — = — ; r but  tins  Will  be.ex- 

a/5  - a/3  a/5  v'S 

preffed  in  a more  fimple  form,  by  multiplying  both 
numerator  and  denominator  by  fuch  a Surd  as  makes 
the  produd  of  the  denominator  become  a rational 
quantity  : thus,  multiplying  them  by  4-  v'3,  the 
fradlon  or  quotient  becomes 

V V — 7 V ^ 

V";  - -^3  a/5  + -Vs  5-3  = 2 

+ = 8 + 2v^i5. 

To  do  this  generally,  fee  Maelaurin’s  Alg.  p,.  113, 

When  the  fquare  root  of  a Surd  is  required,  it  may- 
be found  nearly,  by  extrading  the  raot  of  a mional 
quantity  that  approximates  to  its  value.  Thu3,tofind  the 
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fqiiare  root  of  3 + 2 ^^2  ; fu  ft  calculate  ^^2  ^ 1*4142 1 ; 
lienee  3 -f-  2 >y/ 2 = 5*82842,  the  root  of  which  is  nearly 
2’4T421. 

In  like  manner  we  may  proceed  with  any  other  pro- 
pofed  root.  And  if  the  index  of  the  root  be  very  high, 
a table  of  logarithms  may  be  ufed  to  advantage  : thus, 

to  extraa  the  root  Vj  + V l ^ logarithm 

of  17,  divide  it  by  135  hud  the  number  anfwering  to 
the  quotient,  add  this  number  to  5,  find  the  log.  of  the 
fum,,  and  divide  it  by  7,  and  the  number  anfwering  to 

this  quotient  will  be  nearly  equal  to  \/ 5 + V^7* 

But  it  is  fometimes  requilite  to  exprefs  the  roots  of 
Surds  exadfly  by  other  burds.  Thus,  in  the  hrft  ex- 
ample, the  fquare  root  of  3 + 2 ^^2  is  1 -f  ^"2,  for 

rqr^i^  = 14-2^/2  4-2  = 34-  ^2.  For  the 
method  of  performing  this,  the  curious  may  confult 
Maclaurin’s  Algeb.  p.  ii5>  where  alfo  rules  for  trino- 
mials &c  may  be  found.  See  alfo  the  article  Binomial 
lioofSi  in  this  Dictionary. 

For  extraefing  the  higher  roots  of  a binomial,  whofe 
two  memibers  when  fqnarcd  are  commenfurable  numbers, 
we  have  a rule  in  Newton’s  Arith.  pa.  59,  but  without 
demonftration.  This  is  fupplied  by  Maclaurin,  in  his 
Alg.  p.  120  : as  alfo  by  Gravefande,  in  his  Mathefeos 
U niverf.  Elem.  p.  211. 

It  fometimes  happens,  in  the  refolution  of  cubic 
equations,  that  binomials  of  this  form  adz/?j^—i 
occur,  the  cube  roots  of  wbicb  miiift  be  found  ; and  to 
thefe  Newton’s  rule  cannot  always  be  applied,  becaufe 
of  the  impoTible  or  iataginary  faftor  a/ — i ; yet  if 
the  root  be  exprelTible  in  rational  numbers,  the  rule 
will  often  yield  to  it  in  a fhort  way,  not  merely  ten- 
tative, the  trials  being  confined  to  known  limits.  See 
Maclaurin’s  Alg.  p.  127.  It  may  be  farther  obferved, 
that  fuch  roots,  whether  exprefiible  in  rational  num- 
bers or  not,  may  be  found  by  evolving  the  quantity 
^ 4.  — j by-Newton’s  binomial  theorehi,  and  fum- 

mingup  the  alternate  term.s.  Maclaurin,  p.  -130. 

Thofe  who  are  defirous  of  a general  and  elegant  folu- 
tion  of  the  problem,  to  extras  any  root  of  an  impajfihle  bino- 
mial  a 4-  b^/  — l,  or  of  a prffihle  hinomial  a 4-  V'b, 
may  have  recoiirfe  to  the  appendix  to  Saunderion’s 
Algebra,  and  to  the  Philof.  Tranf.  number  451,  or 
Abndg.  vol.  8,  p.  I.  On  the  management  of  Surds, 
fee  alfo  the  numerous  authors'  upon  Algebra. 

SURDESOLID.  See  Sursolid. 

SURFACE,  in  Geometry.  See  Superficies. 

K'-math£7naUcal  Surface  is  the  mere  exterior  face 
of  a body,  but  is  not  any  part  of  it,  being  of  no 
thlcknefs,  but  only  the  bare  figure  or  termination  of 
the  body. 

A Phfvcal  Surface  is  confidered  as  of  fome  very 
fmall  thicknefp. 

SURSOLID,  or  S URDESOLiD,  in  Arithmetic,  the 
5th  power  of  a number,  confidered  as  a root.  The 
number  2,  for  inftance,  confidered  as  a root,  produces 
■the  uowers  thus  : 

X 

2 “2  the  root  or  ill  power, 

2 X 2 ■=::  4 the  fquare. or  2d  power, 

• . X 4 ™ 8 the  cube  or  3d  power, 

d X 8 ~-  l6  the  biquadratic  or  4th  power^ 

% X lb  32  the  Surfolid  or  5th  power. 

6 


Sursolid  Problem,  is  that  which  cannot  be 
folved  but  by  curves  of  a higher  kind  than  the  conic 
feRions, 

SURVEYING,  the  art,  or  aR,  of  mcafuring  land. 
This  comprifes  the  three  following  parts  ; viz,  taking 
the  dlmenfions  of  any  traR  or  piece  of  ground  ; the. 
delineating  or  laying  the  fame  doV/n  inamapor draught ; 
and  finding  the  fuperficial  content  or  area  of  the  fame  ; 
befide  the  dividing  and  laying  out  of  lands. 

The  firfl  of  tlicfe  is  what-  is  properly  cvbltd.  Surveying; 
the  fecond  is  cdW^d.  plotting,  ox protradiing^  or  mappings 
and  the  third  coftlng  vp^  or  computing  the  contents. 

The  firfl;  again  confifis  of  two  parts,  the  making  of 
obfervations  for  the  angles,  and  the  taking  of  lineal 
meafiires  for  the  diftances. 

The  former  of  thefe  is  performed  by  fome  of  the 
following  infiruments  ; the  theodolite,  circumferentor, 
femicircle,  plain-table,  or  compafs,  or  even  by  the 
chain  itfelf ; the  latter  is  performed  by  means  either  of 
the  chain,  or  the  perambulator.  The  defeription  and 
manner  of  ufing  each  of  thefe,  fee  under  its  refpeRive 
article  or  name. 

It  is  ufeful  in  Surveying,  to  take  the  angles  which 
the  bounding  lines  form  with  the  magnetic  needle,  in 
order  to  check  the  angles  of  the  figure,  and  to  plot 
them  conveniently  afterwards.  But,  as  the  difference 
between  the-true  and  magnetic  meridian  perpetually 
varies  in  all  places,  and  at  all  times  ; it  is  impoffible  to 
compare  two  furveys  of  the  fame  place,  taken  at  diftant 
times,  by  magnetic  infiruments,  without  making  due 
allowance  for  this  variation.  See  obfeivations  on  this 
fnbjtR,  by  Mr.  Molineux,  Philof,  Tranf,  number  230, 
p.  625,  or  Abr.  vol.  i,  p.  125. 

The  fecond  branch  of  Surveying  is  performed  by 
means  of  the  protraRor,  and  plotting  fcale.  The  de- 
feription of  which,  fee  under  their  proper  names. 

If  the  lands  in  the  furvey  are  hilly,  and  not  in  any 
one  plane,  the  meafured  lines  cannot  be  truly  laid  down 
on  paper,  till  they  are  reduced  to  one  plane,  which 
muft  be  the  horizontal  one,  becaufe  angles  are  taken 
in  that  plane.  And  in  this  cafe,  when  obferving  difiant 
objtRs,  for  their  elevation' or  depreffion,  the  following- 
table  fiiews  the  links  or  parts  to  be  fubtraRed  from  each 
chain  in  the  hypothenufal  line,  when  the  angle  is  the 
conefponding  number  of  degrees. 


A Table  of  the  linhs  to  be  fiibiraBed  out  of  every 
chain  in  hypothenifal  hnts^  of  f viral  degrees  of 
Jtitude  or  deprf  lon^  for  t educing  them  to  hcri~ 
^ontal. 


4° 

3 

links 

1 

**'*'■**  A 

19° 

57 

1 

• 

• 

1 

1 

5 

44 

1 

-----  2 

2 1 

34 

. ..  . 7 

7 

I 

3 

- • ~ - 4 

23 

4 

8 

8 

7 

24 

30 

9 

1 1 

29 

24 

5*3 

14 

4 

3 

27 

8 

1 6 

16 

4 

28 

X- 

-----  12 

18 

12 

5 

29 

32 

For 


s U R [ 543  ] s U R 


For  example,  iT  a ftation  line  meafure  1250  links, 
OT  12I  chains,  on  an  afcent,  or  a defcent,  of  11°; 
here  it  is  after  the  rate  of  almofl  two  links  per  chain, 
and  it  will  be  exaol  enough  to  take  only  the  12  chains 
at  that  rate,  which  make  24  links  in  all,  to  be  deducted 
from  1250,  which  leaves  1226  links,  for  the  length  to 
be  laid  down. 

Pradlical  fiirveyors  fay,  it  is'bell  to  make  this  deduc- 
tion at  the  end  of  every  chain-length  while  meafuring, 
by  drawing  the  chain  forward  every  time  as  much  as 
the  dedndlion  is;  viz,  in  the  prefent  inllance,  drawing 
the  chain  on  2 links  at  each  chain-leng-th. 

O 

The  third  branch  of  Surveying,  namely  computing 
or  cailing-up,  is  performed  by  reducing  the  feveral  in- 
clofures  and  divi lions  into  triangles,  trapeziums,  and 
parallelograms,  but  efpecially  the  two  former ; then 
hnding  tiie  areas  or  contents  of  thefe  feveral  figures, 
and  adding  them  all  together. 

’T/je  Prad'ice  of  Surveying. 

I.  Land  is  meafured  with  a chain,  called  Gunter’s 
chain,  of  4 poles  or  22  yards  in  length,  which  conMs 
of  100  equal  links,  each  link  being  of  a yard,  or 
of  a foot,  or  7*92  inches  long,  that  is  nearly  8 
inches  or  ^ of  a foot. 

An  acre  of  land  is  equal  to  lo  fquare  chains,  that 
is,  10  chains  in  length  and  iThain  in  breadth. 

Or  it  is  40  X 401-  160  fquare  poles. 

Or  it  is  220  X 22  or  4840  fquare  yards. 

Or  it  is  1000  X 100  or  icoooo  fquare  links. 

Thefe  being  all  the  fame  quantity. 

Alfo,  an  acre  is  divided  into  4 parts  called  roods, 
and  a rood  into  40  parts  called  perches,  which  arc  fquare 
poles,  or  the  fquare  of  a pole  of  5^  yards  long,  or 
the  fquare  of  ^ of  a chain,  or  of  25  links,  which  is 
625  fquare  links.  So  that  the  divifions  of  land  meafure 
will  be  thus : 

625  fq.  links  “ i pole  or  perch 
40  perches  = i rood 
4 roods  I acre 

The  length  of  lines,  meafured  with  a chain,  are 
fet  down  in  links  as  integers,  every  chain  in  length 
being  lOo  links;  and  not  in  chains  and  decimals. 
Therefore,  after  the  content  is  found,  it  will  be 
in  fquare  links  ; then  cut  olF  five  of  the  figures  on 
the  right-hand  for  decimals,  and  the  red  will  be  acres. 
Thofe  decimals  are  then  multiplied  by  4 for  roods,  and 
the  decimals  of  thefe  again  by  40  for  perches. 

Ex.  Suppofe  the  length  of  a rei^tangular  piece  of 
ground  be  792  links,  and  its  breadth  385  : to  find  the 
area  in  acres,  roods,  and  perches. 

792 

3^5 

2060 

6336 

2376 

■ ac.  ro.  p. 

3’04g20  Anf.  307 

4 

•19680 

40 


7’872oo 


2.  Among  the  various  inftruments  for  furveying,  the 
plain-table  is  the  eafieft  and  moll  generally  ufeful,  efpe- 
cially in  crooked  difficult  places,  as  in  a town  among 
houfes,  &c.  But  although  the  plain-table  be  the  moll 
generally  ufeful  inftrument,  it  is  not  ahvays  fo  ; there 
being  many  cafes  in  which  fometimes  one  inllrument 
is  the  properefl,  and  fometimes  another ; nor  is  that 
furveyor  mafler  of  his  bufinefs  who  cannot  in  any  cafe 
dillinguilh  which  is  the  fitted  indrument  or  method, 
and  life  it  accordingly  : nay,  fometimes  no  indrument 
at  all,  but  barely  the  chain  itfeif,  is  the  bed  method, 
particularly  in  regular  open  fields  lying  together  ; and 
even  when  you  are  uling  the  plain-table,  it  is  often  of 
advantage  to  meafure  fuch  large  open  parts  wuth  the 
chain  only,  and  from  thofe  meafures  lay  them  down 
upon  the  table. 

The  perambulator  is  .ufed  for  meafuring  roads,  and 
other  great  dIdances  on  level  ground,  and  by  the  fides 
of  rivers.  It  has  awheel  of  g|;  feet,  or  half  a pole, 
in  circumference,  upon  which  the  machine  turns  ; and 
the  didanee  meafured  is  pointed  out  by  an  index, 
which  is  moved  round  by  clock  wmrk. 

Levels,  with  telefcopic  or  other  fights,  are  iifed  to 
find  the  level  between  place  and  place,  or  how  mucli 
one  place  is  higher  or  lower  than  another. 

An  offset-daff  is  a very  ufeful  and  necedary  indru- 
ment, for  meafuring  the  offsets  and  other  fhort  didances. 
It  is  10  links  in  length,  being  divided  and  marked  at 
each  of  the  10  links. 

Ten  fmall  arrows,  or  rods  of  iron  or  wood,  are 
ufed  to  mark  the  end  of  every  chain  length,  in 
meafuring  lines.  And  fometimes  pickets,  or  daves 
with  flags,  are  fet  up  as  marks  or  objects  of  direc- 
tion. 

Various  fcales  are  alfo  ufed  in  protradling  and  mea- 
furing on  the  plan  or  paper  ; fuch  as  plane  fcales,  line 
of  chords,  protra6lor,  compaffes,  reducing  fcales,  pa- 
rallel and  perpendicular  rulers,  &c.  Of  plane  fcales,. 
there  fliould  be  feveral  fizes,  as  a chain  in  i inch,  a 
chain  in  ^ of  an  inch,  a chain  in  \ of  an  inch.  See. 
And  of  thefe,  the  bell  for  ufe  are  thofe  that  are  laid 
on  tlie  very  edges  of  the  ivory  fcale,  to  prick  off  dif- 
taucesby,  without  ccrapaffes. 

3.  The  Field  Book. 

In  furveying  with  the  plain-table,  a field-book  is  not 
ufed,  as  every  thing  is  drawn  on  the  table  immediately 
when  it  is  lucafured.  But  in  furveying  wu'th  the  theo- 
dolite, or  any  other  indrument,  fome  fort  of  a field- 
book  mud  he  ufed,  to  write  down  in  it  a regidcr  or  ac- 
count of  all  that  is  done  and  occurs  relative  to  the  fiir- 
vey  in  hand. 

This  book  every  one  contrives  and  rules  as  he  thinks 
fitted  for  hlmfelf.  The  following  is  a fpecimen  of  a 
form  that  has  formerly  been  much  ufed.  It  is  ruled 
into  3 columns  : the  middle,  or  principal  column,  is 
for  the  dations,  angles,  bearings,  didances  meafured, 
&c;  and  thofe  on  the  right  and  left  are  for  the  offsets 
on  the  right  and  left,  which  are  fet  againd  their  corre- 
fponding  dillances  in  the  middle  column  ; as  alfo  for 
fuch  remarks  as  may  occur,  and  be  proper  to  note  for 
drawing  the  plan,  Sic. 

Here  O 1 is  the  fird  dation,  where  the  angle  or 
bearing  is  105®  25A  On  the  left,  at  73  linksin  the 

diftancs 


S U R 


S U R 


[ 544  ] 


diflancc  oi*  principal  line,  is  an  offset  of  92  ; and  at 
610  an  offset  of  24  to  a crofs  hedge.  On  the  right, ^ 
at  o,  or  the  beginning,  an  offset  25  to  the  corner  or 

the  held;  at  248  Brown’s  boundary  hedge  commences  ; 

at  610  an  offset  39  ; and  at  954,  the  end  of  the  firft 
line,  the  o denotes  its  terminating  in  the  hedge.  And 
fo  on  for  the  other  hations. 

Draw  a line  under  the  work,  at  the  end  of  every 
ftation  line,  to  prevent  confuiion. 


Offsets  and  Remarks 
on  the  left. 

Stations, 

Bearings, 

and 

DIftances. 

Offsets  and  Remarks 
on  the  right. 

©I 

i03°25' 

* 

GO 

23  corner 

92 

73 

Brown’s  hedge 

248 

crofs  a hedge  24 

610 

3 5 

954 

00 

0 2 
53^10' 

00 

GO 

houfe  corner  5 1 

25 

21 

1 20 

29  a tree 

34 

734 

40  a ftile 

03 

67^20/ 

61 

31 

a brook  30 

248 

16  a fpving 

639 

foot  path  16 

810 

20  a pond 

crofs  hedge  1 8 

^ 973 

hands  at  the  beginning  of  the  line,  holding  the  ring 
at  the  end  of  the  chain  in  his  hand,  while  the  leader 
drags  forward  the  chain  by  the  other  end  of  It,  till  it 
is  0 retched  flraight,  and  laid  or  held  level,  and  the 
leader  dire61ed,  by  the  follower  waving  his  hand,  to 
the  right  or  left,  till  the  follower  fee  him  exaCfly  in  a 
line  with  the  mark  or  direction  to  be  meafured  to ; 
then  both  of  them  flretchiiig  the  chain  flraight,  and 
{looping  and  holding  it  level,  the  leader  having  the 
head  of  one  of  his  arrows  in  the  fame  hand  by  which 
he  holds  the  end  of  the  chain,  he  there  flicks  one 
of  them  down  with  if,  while  he  holds  the  chain 
ftretched.  This  done,  he  leaves  the  arrow  in  the 
ground,  as  a mark  for  the  follower  to  come  to,  and 
advances  another  chain  forward,  being  diredled  in 
his  pofition  by  the  follower  [landing  at  the  arrow,  as 
before  ; as  alfo  by  himfelf  now,  and  at  every  fucceeding 
chain’s  length,  by  moving  himfelf  from  fide  to  fide, 
till  he  brings  the  follover  and  the  back  mark  into  a 
line.  Having  then  ftretched  the  chain,  and  ftuck  down 
an  arrov/,  as  before,  the  follower  takes  up  his  arrow, 
and  they  advance  again  in  tlie  fame  manner  another 
chain  length.  And  thus  they  proceed  till  all  the  to 
arrows  are  employed,  and  are  in  the  hands  of  the  fol- 
lower ; and  the  leader,  without  an  arrow,  Is  arrived  at 
the  end  of  the  i ith  chain  length.  The  follower  then 
fends  or  brings  the  to  arrows  to  the  leader,  who  puts 
one  of  them  down  at  the  end  of  bis  chain,  and  advances 
with  the  chain  as  before.  And  thus  the  arrows  are 
changed  from  the  one  to  the  other  at  every  10  chains* 
length,  till  the  whole  line  is  ftniftied  ; the  number  of 
changes  of  the  arrows  (hews  the  number  of  tens,  to 
which  the  follower  adds  the  arrows  he  holds  in  his 
hand,  and  the  number  of  links  of  another  chain  over 
to  the  mark  or  end  of  the  line.  So  if  there  have 
been  3 changes  of  the  arrows,  and  the  follower  hold 
6 arrow^s,  and  the  end  of  the  line  cut  off  45  links 
more,  the  whole  length  of  the  line  is  fet  down  In 
links  thus,  3643. 


But  a few  ftcilful  furveyers  now  make  ufe  of  a different 
method  for  the  field  book,  namely,  beginning  at  the 
bottom  of  the  page  and  writing  upw^ards  ; by  which 
they  ftcetch  a neat  boundary  on  either  hand,  as  they 
pafs  It  ; an  example  of  which  will  be  given  below, 
with  the  plan  of  the  ground  to  accompany  It. 

In  fmaller  furveys  and  meafurements,  a very  good 
way  of  fettingdown  the  work,  is,  to  draw,  by  the  eye, 
on  a piece  of  paper,  a figure  refembling  that  which  is 
to  be  meafured  ; and  fo  write  the  dimenfions,  as  they 
are  found,  againfl  the  correfponding  parts  of  the  fi- 
gure. And  this  method  may  be  pra6lifed  to  a confi- 
derable  extent,  even  in  the  larger  furveys. 

4,  To  meafure  a line  on  the  ground  njotth  the  chain  : 
Having  provided  a chain,  with  10  fmall  arrow'^s,  or 
rods,  to  flick  one  into  the  ground,  as  a mark,  at  the 
end  of  every  chain  ; two  perfons  take  hold  of  the  chain, 
one  at  each  end  of  it,  and  all  the  10  arrows  are  taken 
by  one  of  them  who  goes  foremoft,  and  is  called  the 
leader  ; the  other  being  called  the  follower,  for  diftinc- 
tion’s  fake. 

A picket,  or  ftation  ftaff,  being  fet  up  in  the  direc- 
tion of  the  line  to  be  meafured,  if  there  do  not  appear 
fome  marks  naturally  in  that  direiflion ; the  follower 


5.  To  tahe  Angles  and  Bearings. 


Let  B and  c be  turn  ob- 
jedls,  or  two  pickets  fet  up 
perpendicular ; and  let  it  be 
required  to  take  their  bearings, 
or  the  angle  formed  between 
them  at  any  ftation  a. 

ly?.  With  the  Plain  Table,  The  table  being  covered 
with  a paper,  and  fixed  on  its  (land  ; plant  It  at  the 
ftation  A,  and  fix  a fine  pin,  or  a point  of  the  com- 
paffes.  In  a proper  part  of  the  paper,  to  reprefent  the 
point  A : Ciofe  by  the  fide  of  this  pin  lay  the  fiducial 
edge  of  the  index,  and  turn  it  about,  ftill  touching  the 
pin,  till  one  objedl  b can  be  feen  through  the  fights  : 
then  by  the  fiducial  edge  of  the  index  draw  a line.  In 
the  very  fame  manner  draw  another  line  in  the  direc- 
tion of  the  other  objeeft.  c.  And  it  is  done. 

id.  With  the  d heodol'itey  iTc,  Diredt  the  fixed  fights 
along  one  of  the  lines,  as  ab,  by  turning  the  inftru- 
ment  about  till  you  fee  the  mark  b through  thefe 
fights ; and  there  ferew  the  inftrument  faft.  Then 
. turn 
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turn  tilt  moveable  index  about  till,  tbmugb  its  fights, 
you  fee  the  other  mark  C.  Then  the  degrees  cut  by 
the  index,  upon  the  graduated  limb  ar  ring  of  the  iu- 
ftrument,  fhew  the  quantity  of  the  angle. 

yl.  With  the  Magnetic  Needle  and  Conipafs,  Turn 
the  inhrument,  or  compafs,  fo,  that  the  north  end  of 
the  needle  point  to  the  flower-de-luce.  Then  direCl 
the  fights  to  one  mark,  as  B;  and  note  the  degrees  cut 
by  the  needle.  Then  diredl  the  fights  to  the  other 
mark  C,  and  note  again  the  degrees  cut  by  the  needle. 
Then  their  him  or  difference,  as  the  cafe  is,  will  give 
the  quantity  of  the  angle  BAC. 

^th.  By  Meafurement  the  Chains  l3c.  Mca- 

fure  one  chain  length,  or  any  other  length,  along  both 
dirediions,  as  to  b and  c.  Then  mealure  the  diflance 
b c,  and  it  is  done. — This  is  eafily  transferred  to 
paper,  by  making  a triangle  Abe  with  thefe  three 
lengths,  and  then  meafuring  the  angle  A as  in  Pradti- 
cal  Geometry. 

* 6.  To  Me  a jure  the  Offsets, 

A h i k 1 m n being  a crooked  hedge,  or  river,  S:c* 
From  A meafure  in  a firaight  diredlion  along  the  fide 
of  it  to  B.  And  in  meafuring  along  this  line  AB 
obferve  when  you  are  diredfly  oppofite  any  bends  or 
corners  of  the  hedge,  as  at  c d,  e,  &:c  ; and  from 
thence ^ meafure  the  perpendicular  offsets,,  ch,  di, 
&c,  with  the  offset-ftaff,  if  they  are  not  very  large, 
otherwife  with  the  chain  itfelf ; and  the  work  is 
done.  And  the  regiller,  or  field-book,  may  be  as 
follows : i ' 


Offs.  left. ; 

Bafe  line  A B 

0 

c h 62 
d i 84 
e k 70 
f 1 98 

57 

Bn  91 

0 A 
-45  Ac 
220  Ad 
340  Ae 
510.  Af 

^34  Ag 
789  AB 

A c d e i g 


Or,  meafure  all  the  three  fides  with  the  chain,  and 
note  them  dowm.  From  which  the  content  is  eafily 
found,  or  the  figure  conftrudled. 

2d,  By  taking  one  or  more  of  the  Angles, 

Meafure  two  fides  AB,  AC,  and  the  angle  A between 
them.  Or  meafure  one  fide  AB,  and  the  two  adjacent 
angles  A and  B.  From  either  of  thefe  ways  the  figure 
is  eafily  planned:  then  by  meafuring  the  perpendicular 
CP  on  the  pdan,  and  multiplying  it  by  half  AB,  yoK. 
have  the  content. 


8.  To  meafure,  a Fourjided  Field, 


AE  214 
A F 362 
AC  592 


\Jl,  By  the  Chain. 


210  DE 
306  BF 


Meafure  along  either  of  the  diagonals,  as  AC  ; and 
either  the  two  perpendiculars  DE,  BF,  as  in  the  lafl 
problem  ; or  elfe  the  fides  AB,  BC,  CD,  DA.  From 
either  of  which  the  figure  may  be  planned  and  com- 
puted as  before  diredled. 


AP  1 10 

AQ_  74 

AB  mo 


Other zvife  ly  the  Chain, 


3,-2  PC 

595  Q.D 


Meafure  on  the  longed  fide,  the  diftances  AP,  AQj^ 
AB  ; and  the  perpendiculars  PC,  QD. 

2d.  By  taking  one  or  more^pf  the  Angles, 


7.  Fo  Survey  a triangular  Field  ABC. 
tjl.  By  the  Chain, 


Meafure  the  diagonal  AC  (fee  the  fird  fig.  above), 
and  the  angles  CAB,  CAD,  ACB,  ACD-. — Or  mea- 
lure the  four  fides,  and  any  one  of  the  angles  as  BAD, 


AP  794 
AB  1321 
PC  826 


Having  fet  up  marks  at  the  corners,  which  Is  to  be 
done  in  all  cafes  where  there  are  not  marks  naturally  ; 
meafure  with  the  chain  from  A to  P,  where  a perpendi- 
cular would  fall  from  the  angle  C,  and  there  meafure 
from  P to  C ; them  complete  the  didance  AB  by  mea- 
furing from  P to  B ; fetting  down  each  of  thefe  mea- 
fured  didances.  And  thus,  having  the  bafe  and  per- 
pendicular, the  area  from  them  is  eafily  found.  Ov 
having  the  place  P of  the  perpendicular,  the  triangle  is 
eafily  condrudfed, 

VoL.  II, 


Thus 
AC  59 1 
CAB  Yfio 
CAD  41  1 5 
ACB  72  25 
ACD  54  40 


Or  thus 
AB  486 
BC  394 
CD  410 
DA  ..  462 
BAD  78^35' 


9.  Fo  Survey  any  Field  hy  the  Chain  only. 

Having  fet  up  marks  at  the  corners,  where  necedary, 
of  the  propofed  field  ABCDEEG,  , Walk  over  the 
ground,  and  confider  how  it  can  bed  Be  divided  into 
triangles  and  trapeziums  ; and  meafure  them  feparately 
as  in  the  lad  two  problems.  And  in  iliis  way  it  will 
be  proper  to  divide  it  into  as  few  feparate  triangles, 
and  as  many  trapeziums  as  may  be,  by  drawing  diago- 
4 ^ nals 
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liiJs  from  corner  to  corner  : and  fo,  as  that  all  the  per- 
pendiculars may  fall  v.'itlun  the  figure.  Thus,  the  follow- 
ing figure  is  divided  into  the  two  trapeziums  ABCG, 
GDEF,  and  the  triangle  GCD.  Then,  in  the  firft,  be- 
ginning at  A,  meafure  the  diagonal  AC,  and  the  two 
perpendiculars  Gm,  Bn.  Then  the  bafe  GC  and  the 
j:)erpendicular  Dq.  Lallly  the  diagonal  DF,  and  the  two 
peiqjendiculars  pE,  oG.  All  which  meahires  write 
againll  the  correfponding  parts  of  a rough  figure 
drawn  to  refemble  tlie  figure  to  be  furveyed,  or  let 
them  down  in  any  other  form  you  choofe. 


B 


Am  135 
An  410 
Ac  550 

Cq  152 
CG  440 


FO 

FP 

FD 


206 

288 

520 


C 


D 


Meafure  all  the  fides  fVBjBC,  CP,  DE,  EF,  FG, 
^nd  GA  f and  the  diagonals  AC,  CG,  GD,  DF. 

Other^'ifcy 

Many  pieces  of  land  may  be  very  well  furveyed,  by 
meafuring  any  bafe  line,  either  within  or  without  them, 
together  with  the  perpendiculars  let  fall  upon  it  frorn 
every  corner  of  them.  For  they  are  by  thefe  means 
divided  into  feveral  triangles  and  trapezoids,  all  whofe 
parallel  fides  are  perpendicular  to  the  bafe  line  ; and 
the  fum  of  thefe  triangles  and  trapeziums  will  be 
equal  to  the  figure  propofed  if  the  bafe  line  fall  with- 
in* it ; if  not,  the  fum  of  the  parts  which  are  without 
being  taken  from  the  fum  of  the  whole  which  are  both 
within  and  without,  will  leave  the  area  of  the  figure 
propofed. 

In  pieces  that  are  not  very  large.  It  will  be  fufiicient- 
ly  exadt  to  find  the  points,  in  the  bafe  line,  where  the 
feveral  perpendiculars  will  fall,  by  means  of  the  crofsy 
and  from  thence  meafuring  to  the  corners  for  the  lengths 
©f  the  perpendiculars. — And  it  will  be  moft  convenient 
to  draw  the  line  fo  as  that  all  the  perpendiculars  may 
fall  within  the  figure. 

Thus,  in  the  following  figure,  beginning  at  A,  and 
meafuring  along  the  line  AG,  the  dillances  and  perpen- 
diculars, on  the  right  and  left,  are  as  below.. 


IF 


Ab 

3*5 

Ac 

440 

Ad 

585 

Ae 

610 

Af 

990 

AG 

lOiO 

bB 

cC 

dD 
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10.  To  Survey  any  Field  the  Plain  Talk* 
ijl*  From  one  Siatmi. 

Plant  the  table  at  any  J) 

angle,  as  C,  from  whence 
all  the  other  angles,  or 
marks  let  up,  can  be  feen  ; 
and  turn  the  table  about 
tdl  the  needle  point  to  the 
fiower*de-luce  : and  there 
ferevv  it  fall.  Make  a point 
for  C on  the  paper  on  the 
ta.ble,  and  lay  the  edge  of 
the  index  to  C,  turning  it 

about  there  till  through  the  fights  you  fee  the  mark  D ; 
and  by  the  edge  of  the  index  draw  a dry  or  obfeure 
line  : then  meafure  the  diftance  CD,  and  lay  that  dif- 
tance  down  on  the  line  CD.  Then  turn  the  index  about 
the  point  C,  till  the  mark  E be  feen  through  the  fights, 
by  which  draw  a line,  and  meafure  the  dlllance  to  E, 
laying  it  on  the  line  from  C to  E.  In  like  manner  deter- 
mine the  p>ofitions  ofCA  and  CB,  by  turning  the  fights 
fucceffively  to  A and  B ; and  lay  the  lengths  of  thofc 
lines  down.  Then  connedl  the  points  with  the  boun- 
daries of  the  field,  by  drawing  the  black  lines  CD,  DE, 
EA,  AB,  BC. 

2d.  From  a Station  within  the  Ficlch, 

When  all  the  other  parts 
cannot  be  feen  from  one 
angle,  choofe  fome  place  O 
within  ; or  even  without^ 
if  more  convenient,  from 
whence  the  other  parts  can 
be  feen.  Plant  the  table 
at  O,  then  fix  It  with  the 
needle  north,  and  mark 
the  point  O upon  it.  Apply 
the  index  fucceffively  to  O, 
turning  it  round  with  the 
fights  to  each  angle  A,  B,  C,  D,  E,  drawing  dry  lines 
to  them  by  the  edge  of  the  Index,  then  meafuring  the 
dillances  OA,  OB,  &c,  and  laying  them  down  upon 
thofe  lines.  Eailly  draw  the  boundaries  AB,  BC  , CI\ 
DE,  EA. 

3^/.  By  going  round  the  Figure.. 

When  the  figure  is  a wood  or  water,  or  from  fome 
other  obllrudlion  you  cannot  meafure  lines-  acrofs  it 
begln  at  any  point  A,  and  meafure  round  it,  either 
within  or  without  the  figure,  and  draw  the  directions 
©f  all  the  fides  thus  : Plant  the  table  at  A,  turn  it  with 
the  needle  to  the  north  or  flower-de-luce,  fix  it  and 
mark  the  point  A.  Apply  the  index  to  A,  turning  it 
till  you  can  fee  the  point  E,  there  draw  a line  ; and 
then  the  point  B,  and  there  draw  a line  ; then  meafure 
thefe  lines,  and  lay  them  down  from  A to  E and  B. 
Next  move  the  table  to  B,  lay  the  Index  along  the  line 
AB,  and  turn  the  table  about  till  you  can  fee  the  mark 
A,  and  ferewfaft  the  table;  in  which  pofition  alfo  the 
needle  will  again  point  to  tKe  fiawer-deduce,  as  it  will 

do 
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do  indeed  at  every  flation  when  the  table  is  in  the  right 
pofition.  Here  turn  the  index  about  B till  through  the 
fights  you  fee  the  mark  C ; there  draw  a line,  mea- 
fiire  BC,  and  lay  the  diflauce  upon  that  line  after  you 
have  fet  down  the  table  at  C.  'rurn  it  then  again  into 
its  proper  pofition,  and  in  like  manner  hnd  the  next 
line  CD.  And  fo  on  quite  round  by  E-  to  A again. 
Then  the  proof  of  the  work  will  be  the  joining  at  A : 
for  if  the  work  is  all  right,  the  laft  direcliori  EA  on  the 
ground,  will  pafs  exaelly  through  tlie  point  A on  the 
paper  ; and  the  meafured  dillance  will  alfo  reach  exaftly 
to  A.  If  thefe  do  not  coincide,  or  nearly  fo,  fome 
eiror  has  been  committed,  and  the  work,  mud  be  ex- 
amined over  again. 


II.  To  Survey  a Field  vFilh  the  Theodolite^  idc, 
xji.  From  one  Point  or  Station, 

When  all  the  angles  can  be  feen  from  one  point,  as 
theangleC  (laft  fig.  but  one),  place  the  inftrument  at  C, 
and  turn  it  about  till,  through  the  fixed  fights,  you  fee 
the  mark  B,  and  there  li.x  it.  Then  turn  the  mov^eable 
index  about  till  the  mark  A is  feen  through  the  fights, 
and  note  the  degrees  cut  on  the  inftrument.  Next  turn 
the  index  fucceluvely  to  E and  D,  noting  the  degrees 
cut  off  at  each  ; whlch'gives  all  the  angles  BCA,  BCF, 
BCD.  Laftly,  racafure  the  lines  CB,  CA,  CE,  CD  ; 
and  enter  the  meafures  in  a field-book,  or  rather  againll 
the  correfponding  parts  of  a rough  figure  drawn  by 
guefs  to  refemble  the  held. 

id.  From  a Point  within  or  without. 


Plant  the  inftrument  at  O,  (laft  fig.)  and  turn  it  about 
till  the  fixed  fights  point  to  any  objedl,  as  A ; and  there 
ferevv  it  faft.  Then  turn  the  moveable  index  round 
till  the  fights  point  fucceffively  to  the  other  points 
E,  D,  C,  B,  noting  the  degrees  cut  off  at  each  of 
them  ; which  gives  all  the  angles  round  the  point  O. 
Eattlv,  meafure  the  dlftances  OA,  OB,  OC,  OD, 
OE,  noting  them  down  as  before,  and  the  work  is  done. 


31/.  By  going  round  the  Field, 


By  meafuring  round, 
either  within  or  without 
the  field,  proceed  thus. 

Having  fet  up  marks  at 
B,C,  &c.  near  the  corners 
as  ufual,  plant  the  inflru- 
ment  at  any  point  A, 
and  turn  it  till  the  fixed 
index  be  in  the  direcflon 
AB,  and  there ferew  it  faft: 
then  turn  the  moveable  index  to  the  direflion  AE  ; and 
the  degrees  cut  off  will  he  the  angle  A.  hleafuvc  the 
line  AB,  and  plant  the  Inftinrnent  at  B,  and  there  in 
the  fame  manner  obferve  the  angle  Then  meafure 
BC,  and  obferve  the  angle  C.  "I'hen  meafure  the  dif- 
tance  CD,  and  take  the  angle  D.  Then  meafure  DE, 
and  take  the  angle  E.  Then  meafure  EF,  and  take 
the  angle  F.  And  laftly  meafure -the  diftance  FA, 

To  prove  the  work  ; add  all  the  inward  angles, 
A,  B,  C,  &c,  together,  and  when  the  work  is  right, 
their  fum  will  be  equal  to  twice  as  many  right  angles  as 
the  figure  has  fides,  wanting  4 right  angles.  And 
when  there  is  an  angle,  as  F,  that  bends  Inw'ards,  and 


you  meafure  the  external  angle,  which  is  lefs  than  two 
right  angles,  fubtradl  it  from  4 right  angles,  or  360 
degrees,  to  give  the  internal  angle  greater  than  a fe mi- 
circle  or  180  degrees, 

Otherwife,  Inftead  of  obferving  the  internal  angles, 
you  may  take  the  external  angles,  formed  without  the 
figure  by  producing  tbe  fides  further  out.  And  in 
this  cafe,  when  the  work  is  right,  their  fum  altogether 
wall  be  equal  to  360  degrees.  But  when  one  of  them, 
as  F,  runs  inwards,  fubtracl  it  from  the  fum  of  the 
reft,  to. leave  360  degrees. 

12.  To  Survey  a Field  with  croohed  H edges  y ^c. 

With  ally  of  the  inftriiments  meafure  the  lengths 
and  pofitions  of  imaglnar}’-  Imes  running  as  near  the 
fides  of  the  field  as  you  can  ; and  in  going  along  them 
meafure  the  offsets  in  the  manner  before  taught ; and 
you  will  have  the  plan  on  the  paper  in  ufing  the  plain 
table,  drawing  the  crooked  hedges  tlirough  the  ends  of 
the  offsets  ; but  in  furveying  with  the  theodolite,  or 
other  inftrument,  fet  down  the  meafures  properly  in  a 
field-book,  or  memorandum-book,  and  plan  them  after 
returning  from  the  field,  by  laying  down  all  the  lines 
and  angles. 


So,  in  furveying  the  piece  ABCDE,  fet  up  marks 

a,  b,  c,  d,  dividing  it  into  as  few  fides  as  may  be. 
Then  begin  at  any  ftation  a,  and  meafure  the  lines  ab, 
be,  cd,  da,  and  take  their  pofitions,  or  the  angles  a, 

b,  c,  d ; and  in  going  along  the  lines  meafure  all  the 
ofEets,  as  at  m,  n,  o,  p,  (See,  along  every  ftation  line. 

And  this  is  done  cither  within  the  field,  or  without, 
as  may  be  moft  convenient.  When  there  are  obftruc- 
ilons  witliln,  as  wood,  water,  hills,  Stc ; then  rnea- 
fure  without,  as  in  the  figure  here  bclowh 


13.  r» 


4 A 2 
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, To  Surrey  a*FielJ  or 'any  other  Things  hy  T <wo  Sta- 
tions, 

This'is  pel  formed  by  clioofing  two  ftations,  from 
.whence  all  the  marks  and  objedls  can  be  feevi,  then 
meafurlng  the  dhtance  between  the  ftations,  and  at 
each  ftation  taking  the  angles  formed  by  every  objed, 
from  the  ftation  line  or  diftance. 

The  two  ftations  may  be  taken  either  within  tlie 
bounds,  or  in  one  of  the  fides,  or  in  the  direcftion  of 
two  of  the  objeds,  or  quite  at  a diftance,  and  without 
the  bounds  of  theobjeds,  or  part  to  be  furveyed. 

In  this  manner,  not  only  grounds  may  be  furveyed, 
without  even  entering  them,  but  a map  may  be  taken 
of  the  principal  parts  of  a country,  or  the  chief  places 
of  a town,  or  any  part  of  a river  or  coaft  furveyed,  or 
any  other  inacceftible  objefls  ; by  taking  two  ftations, 
on  two  towers,  or  two  hills,  or  fuch  like. 


When  the  plain  table  is  ufed  ; plant  it  at  one  ftation 

m,  draw  aline  m n on  it,  along  which  lay  the  edge  of 
the  index,  and  turn  the  table  about  till  the  fights  point 
diredfly  to  the  other  ftation  ; and  there  fcrew  it  faft. 
Then  turn  the  fights  round  m fucceffively  to  all  the  ob- 
jedls  ABC,  &c,  drawing  a dry  line  by  the  edge  of  the 
index  at  each,  as  mA,  mB,  mC,  See.  Then  meafure 
the  diftance  to  the  other  ftation,  there  plant  the  table, 
and  lay  that  diftance  down  on  the  ftation  line  from  m to 

n.  N ext  lay  the  index  by  the  line  nm,  and  turn  the 
table  about  till  the  fights  point  to  the  other  ftation  m, 
and  there  fcrew  it  faft.  Then  diredt  the  fights  fuccef" 
fiveiy  to  all  the  objedfs  A,  B,  C,  &c,  as  before,  draw- 
ing lines  each  time,  as  n A,  nB,  nC,  &c  : and  their  in- 
terfedlion  with  the  former  lines  will  give  the  places  of  all 
the  objedts,  or  'corners.  A,  B,  C,  &c. 

When  the  theodolite,  or  any  ether  inftrument  for 
taking  angles,  is  ufed  ; proceed  in  the  fame  way, 
meafuring  the  ftation  diftance  mn,  planting  the  in- 
ftrument firft  at  one  ftation,  and  then  at  another  ; then 
placing  the  fixed  fightsin  the  direftion  mn,  anddiredf- 
ing  the  moveable  fights  to  every  objedt,  noting  the  de- 
grees cut  off  at  each  time.  Then,  thefe  obfervations 
being  planned,  the  interfedxions  of  the  lines  will  give 
the  objtdls  as  before. 

When  all  the  objedfs,  to  be  furveyed,  cannot  be  feen 
from  two  ftations;  then  three  ftations  may  be  ufed,  or 
four,  or  as  many  as  is  neceffary  ; meafuring  always 


the  diftance  from  one  ftation  to  another ; placing  the  in* 
ftrument  in  the  fame  pofttion  at  every  ftation,  by  means 
deferibed  before ; and  from  each  ftation  obferving  or 
fetting  every  objedl  that  can  be  feen  from  It,  by  taking 
its  diredlion  or  angular  pofttion,  till  every  objedl  be  de- 
termined by  the  interfeiftion  of  two  or  more  lines  of  di- 
redlion, the  more  the  better.  And  thus  may  very  exten- 
five  furveys  be  taken,  as  of  large  commons,  rivers,  coafts, 
countries,  lully  grounds,  and  fuch  like. 

14.  To  Su  rvey  a Large  EJlate,  ■ 

If  the  eftate  be  very  large,  and  contain  a great  num- 
ber of  fields,  it  cannot  #eli  be  done  by  furveying  all  the 
fields  ftngly,  and  then  putting  them  together  ; nor  can 
it  be  done  by  taking  all  the  angles  and  boundaries  that 
inclofe  it.  For  in  thefe  cafes,  any  fmall  errors  will  be 
fo  multiplied,  as  to  render  it  very  much  diftorted. 

I ft.  Walk  over  the  eftate  two  or  three  times,  in  order  - 
to  get  a perfecl  idea  of  it,  and  till  you  can  cany  the 
map  of  it  tolerably  in  your  head.  And  to  belo  your 
memory,  draw  an  eye  draught  of  it  on  paper",  or  at 
lead,  of  the  principal  parts  of  it,  to  guide  you. 

2_d.  Clioofetwo  or  more  eminent  places  in  the  eftate, 
for  your  ftations,  from  whence  you  can  fee  all  the 
principal  parts  of  It : and  let  thefe  ftations  be  as  far  dif- 
tant  from  one  another  as  poffiblc  ; as  the  fewer  ftations 
you  have  to  command  the  whole,  the  more  exadl  your 
work  will  be:  and  they  will  be  fitter  for  your  purpofe, 
if  thefe  ftation  lines  be  in  or  near  the  boundaries  of  the 
ground,  and  efpecially  if  two  or  more  lines  proceed 
irom  one  ftation.. 

3d.  Take  angles,  between  the  ftations,  fuch  as  you  • 
think  neceffary,  and  meafure  the  diftances  from  ftation 
to  ftation,  always  in  a right  line  : thefe  things  mull  be 
done,  till  you  get  as  many  angles  and  lines  as  are  fuffi- 
cient  for  determining  all  your  points  of  ftation.  And 
in  meafuring  any  of  thefe  ftation  diftance^,  mark  ac- 
curately where  thefe  lines  meet  with  any  hedges,, 
ditches,  roads,  lanes,  paths,  rivulets,  &c,  and  where 
any  remarkable  objed  is  placed,  by  meafuring  it& 
diftance  from  the  ftation  line,  and  where  a perpen- 
dicular from  it  cuts  that  line  ; and  always  mind,  in 
any  of  tliele  obfervations,  that  yon  be  In  a right  line, 
which  you  wdil  know  by  taking  backfightand  forefight, 
along  your  ftation  line.  And  thus  as  you  go  along 
any  main  ftation  line,  take  offsets  to  the  ends  of  all 
hedges,  and  to  any  pond,  houfe,  mill,  > bridge,  &c, 
omitting  nothing  that  is  remarkable.  And  all  thefe 
things  mull  be  noted  down  ; for  thefe  are  your  data, 
by  which  the  places  of  fuch  objeds  are  to  be  deter- 
mined upon  your  plan.  And  be  fare  to  fet  marks  uj> 
at  the  interiedions  of  all  hedges  with  the  ftation  line,, 
that  you  may  know’^  where  to  meafure  from,  when  you 
come  to  furvey  thefe  particular  fields,  which  muft  im- 
mediately be  done,  as  foon  as  you  have  meafured  that 
ftation  line,  whilft  they  are  frelh  in  memory.  In  this.  ' 
way  all  your  ftation  lines  are  to  be  meafured,  and  the 
fituation  of  all  places  adjoining  to  them  determined, 
which  is  the  firft  grand  point  to  be  obtained.  It  will 
be  pioper  ror  you  to  lay  down  your  work  upon  paper 
every  night,  when  you  go  home,  that  you  may  fee  how 
you  go  on, 

4th.  As  to  the  inner  parts  of  the  eftate,  they  muft  be 

deter- 
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dctcrmine'd  in  like  manner,  by  new  ftation  lines  : for, 
after  the  main  itations  are  determined,  and  every  thing 
adjoining  to  them,  then  the  eftate  muft  be  fubdivided 
,into  two  or  three  parts  by  new  ftation  lines  ; taking 
inner  flatiozi^  at  proper  places,  vdiere  you  can  have  the 
bell  view.  Mealure  thefe  ftation  lines  as  you  did  the 
firfl,  and  all  their  interfeilions  with  hedges,  and  all 
offsets  to  fuch  objefls  as  appear.  Then  you  may  pro- 
ceed to  furvey  the  adjoining  fields,  by  taking  the  an- 
gles that  the  lides  niake  with  the  ilation  line,  at  the 
interfedlions,  and  raeafiiring  the  dillances  to  each  cor- 
ner, from  the  interfeclions.  For  every  ftation  line  will 
be  a bafts  to  all  the  future  operations ; the  fituatlon  of 
all'  parts  b^^ing  entirely  dependant  upon  them  ; and 
theiefore  they  ihould  be  taken  ot  as  great  a length,  as 
polfible  ; and  it  is^befl  for  them  to  run  along  fome  of 
the  hedges  or  bo'Sr.daries  of  one  or  more  fields,  or  to 
pals  through  fome  of  their  angles.  All  things  being  de- 
termined for  thefe  ftations,  you  muft  take  more  inner 
ones,  and  fo  continue  to  divide  and  iubdivide,  till  at  laft 
you  come  to  fingle  fields ; repeating  the  fame  work  for 
the  inner  ftations,  as  for  the  outer  ones,  till  all  he  done  ; 
and  dole  the  work  as  often  as’ you  can,  and  in  as  few 
lines  as  polfible.  And  tliat  you  may  choofe  ftations  the 
moll  conveniently,  fo  as  to  caufe  the  leaft  labour,  let 
the  ftation  lines  run  as  far  as  you  can  along  fome  hedges, 
and  through  as  many  corners  of  the  fields,  and  other 
remarkable  points,  as  you  can.  And  take  notice  how 
one  field  lies  by  another ; that  you  may  not  mifplace 
them  in  the  draught. 

5th.  An  eftate;  may  be  fo  fituated,  that  the  whole  can- 
not be  lurveyed  together  ; becaufe  one  part  of  the 
eftate  cannot  be  leen  from  another.  In  this  cafe, 
you  may  divide  it  into  three  or  four  parts,  and  furvey 
the  parts  leparately,  as  if  they  were  lands  belonging  to 
different  perfoiis  ; and  at  laft  join  them  together. 

6th.  As  it  is  neceffary  to  protradl  or  lay  down  your 
work  as  you  proceed  in  it,  you  muft  have  a fcalt  of  a 
due  length  to  do  it  by.  To  get  fuch  a fcale,  you  mull 
mealure  the  whole  length  of  the  eftate  in  chains  ; then 
you  muft  confider  how  many  inches  in  length  the  map  Is 
to  be  ; and  from  thele  you  will  know  how  many  chains 
you  muft  have  in  an  inch  ; then  make  your  Icale,  or 
choofe  one  already  made,  accordingly. 

7th.  The  trees  In  every  hedge  row  muft  be  placed  in 
tlieir  proper  lituation,  which  is  foon  done  by  the  plain 
table  ; but  may  be  done  by  the  eye  without  an  inftru- 
ment  ; and  being  thus  taken  by  guefs,  in  a rough 
draught,  they  will  be  exact  enough,  being  only  to  look 
at  ; except  it  be  fuch  as  arc  at  any  remarkable  places, 
as  at  the  ends  of  hedges,  at  ftiks,  gates,  &c,  and  thefe 
muft  be  meaiured.  But  all  this  need  not  be  done  till 
the  draught  is  finiftied.  And  obferve  in  all  the  hedges, 
what  fide  the  gutter  or  ditch  Is  on,  and  confequently  to 
Tvhom  the  fences  belong, 

8th.  When  you  have  long  ftations,  you  ought  to  have 
a good  inftrument  to  take  angles  with  ; and  the  plain  ta- 
ble may  very  properly  be  made  ufe  of,  to  take  the  fe- 
veral  fmall  internal  parts,  and  fuch  as  cannot  be  taken 
from  the  main  ftations,  as  it  is  a very  quick  and  ready 
inftrument.  ^ 

15.  Inftead  of  the  foi  egoing  method,  an  ingcaious 
friend  (Mr.  Abraham  Crocker),  after  mentioning  the 
new  and  improved  method  of  keeping  the  field  book  by 


writing  from  bottom  to  top  of  the  pages,  obferves  that 
“ In  the  former  method  of  meafuring  a large  eftate,  the 
accuracy  of  it  depends  on  the  corredlnefs  of  the  inftru- 
raents  ufed  in  taking  the  angles.  To  avoid  the  errors 
incident  to  fuch  a multitude  of  angles,  other  methods 
have  of  late  years  been  ufed  by  fome  few  fleilful  furvey- 
ors  ; the  moft  practical,  expeditious,  and  correcl,  feems 
to  be  the  following. 

“ As  was  advifed  in  the  foregoing  method,  fo  in 
th  is,  choofe  two  or  more  eminences,  as  grand  ftations, 
and  meafure  a principal  bafe  line  from  one  ftation  to  the 
other,  noting  every  hedge,  brook,  or  otlier  remarkable 
objeCl  as  you  pafs  by  it  ; meafuring  alfo  fuch  Ihort  per- 
pendicular lines  to  fuch  bends  of  hedges  as  may  be  near 
at  hand.  From  the  extremities  of  this  bafe  line,  or 
from  any  convenient  parts  of  the  fame,  go  oft'  with 
other  lines  to  fome  remarkable  objeCl  fituated  towards 
the  fiJes  of  the  eftate,  without  regarding  the  angles 
they  make  with  the  bafe  line  or  with  one  another;  ftill 
remembering  to  note,every  hedge,  brook  or  otlier  objeCl 
that  you  pafs  by.  Thefe  lines,  when  laid  down  by  in- 
terfeCtions,  will  with  the  bafe  line  form  a grand  triangle 
upon  the  eftate  ; feveral  of  which,  if  need  be,  being 
thus  laid  down,  you  may  proceed  to  form  other  fmailer 
triangles  and  trapezoidb  on  the  fides  of  the  former  : and 
fo  on,  until  you  finifti  with  the  eiiclofures  indivi- 
duallv. 

j 

“ To  illu (Irate  this  excellent  method,  let  us  take  AB 
(in  the  plan  of  an  eftate,  fig.  r,  pi.  28)  for  the  princi- 
pal bafe  line.  From  B go  off  to  the  tree  at  C ; noting 
down,,  in  the  field-book,  every  crofs  hedge,  as  you 
meafure  on  ; and  from  C mealure  back  to  tlie  firft  ila- 
tion at  A,  noting  down  every  thing  as  before  di- 
re died. 

“ I his  grand  triangle  being  completed,  and  laid 
down  on  the  rougli-plan  paper,  tlie  parts,  exterior  as 
well  as  interior,  are  to  be  completed  by  fmailer  triangles 
and  trapezoids. 

“ When  the  whole  plan  is  laid  down  on  paper,  the 
contents  of  each  iicld  might  be  calculated  by  the  me- 
thods laid  down  below,  at  article  20. 

“ In  countries  vvliere  the  lands  are  enclofed  with  hig^h 
hedges,  and  where  many  lanes  pais  through  an  eftate,  a 
theodolite  may  be  ufed  to  advantage,  in  meafuring  the 
angles  of  luch  lands  ; by  which  means,  a kind  of  ft<:ele- 
ton  of  the  eftate  may  be  obtained,  and  the  lane-lines 
ferve  as  the  bales  of  luch  triangles  and  trapezoids  as  are 
neceifary  to  fill  up  the  interior  parts.” 

The  method  of  meafuring  the  other  crofs  lines,  oft*- 
fets  and  interior  parts  and  cnclolures,  appears  in  the 
plan,  fig.  I,  laft  referred  to. 

16.  Another  ingenious  correfpondent  (Mr.  John 
Rodham  of  Richmond,  YorklFIre)  has  alfo  commu- 
nicated the  following  example  of  the  new  method  of 
furveying,  ^ accompanied  by  the  field-book,  and  its 
correfponding  plan.  His  account  of  the  method  Is  as 
follows. 

The  field-book  Is  ruled  into  three  columns.  In  the 
middle  one  are  fet  down  the  diftances  on  the  chain  line 
at  which  any  mark,  offset,  or  other  obfervation  is  made; 
and  in  the  right  and  left  hand  columns  are  entered,  the 
offsets  and  obfervations  made  on  the  right  and  left  hand 
refpedlively  of  the  chain  line. 

It  is  of  great  advantage,  both  for  brevity  and  per- 

fpicuity. 
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’'fpiculty,  to  begin  at  the  bottom  of  tbe  leaf  and  write 
upwards  ; denoting  the  croffing  of  fences,  by  Jines 
drawn  acrofs  the  middle  column,  or  only  a part  of  fuch 
a,  line  on  the  right  and  left  oppofite  the  ligurcSjto  avoid 
confufion,  and  the  corners  of  fields,  and  otlier  remark- 
able .turns  in  the  fences  where  offsets  are  taken  to,  by 
lines  joining  in  the  manner  the  fences  do,  as  will  be 
belt  feen  by  comparing  the  book  with  tlie  plan  annexed, 
ftg.  2,  pi.  28, 

The  marks  called,  a,hy  c,  &c,  are  befi  made  in  the 
fields,  by  making  a fmnll  bole  with  a fpade,  and  a chip 
or  fmall  bit  of  wood,  with  the  particular  letter  upon  it, 
may  be  put  in,  to  prevent  one  mark  being  taken  for 
another,  on  any  return  to  it.  But  in  genei  al,  the  name 
of  a mark  is  very  eafily  had  by  referring  in  tbe  book  to 
the  line  it  was  made  in.  After  the  fmall  alphabet  is 
gone  througli,  tiie  capitals  may  be  next,  the  print  let- 
ters afterwards,  and  fo  on,  which  anfwer  the  purpuie 
of  fo  many  different  letters  ; or  the  marks  may  be  num- 
bered. 

The  letter  in  the  left  hand  corner  at  the  beginningof 
every  line,  is  the  mark  or  place  meafiired  fro7ri  ; and, 
that  at  the  right  hand  corner  at  the  end,  is  the  mark 
mcafured  to  : But  when  it  is  not  convenient  to  go  ex- 
actly from  a mark,  the  place  rneafured  from,  is  de- 
ixa  ibed  fuch  a d'lflaace  from  one  tnark  towards  another  ; 
and  where  a mark  is  not  rneafured  to,  the  exadf  place  is 
afeertained  by  faying,  turn  to  the  right  or  left  hand, 
fuch  a difance  to  fuch  a marhy  it  being  always  under- 
llood  that  thofe  diftances  are  taken  in  the  chain  line. 

The  charadlers  ufed,  ar-e  P for  turn  to  the  right 
hand,  n for  turn  to  the  left  hand,  and  a placed  over 
an  offset,  to  fhew  that  it  is  not  taken  at  right  angles 
with  the  chain  line,  but  in  the  line  with  fome  flraight 
fence  ; being  chiefly  ufed  when  croffing  their  diredlions, 
and  is  a better  way  of  obtaining  their  true  places  than 
by  offsets  at  right  angles. 

When  a line  is  rneafured  whofe  pofition  is  deter- 
mined, either  by  formet  work  (as  in  the  cafe  of  pro- 
ducing a given  line  or  meafuring  from  one  known  place 
or  mark  to  another)  or  by  itfelf  (as  in  the  third  fide  of 
a triangle)  it  is  called  a faf  line,  and  a double  line 
acrofs  the  book  is  drawn  at  the  conclufion  of  it  ; but  if 
its  pofition  is  not  determined  (as  in  the  feeond  fide  of  a 
triangle)  it  is  called  a loofe  line,  and  a fingle  line  is  drawn 
acrofs  the  book.  W^hen  a line  becomes  determined  in 
pofition,  and  is  afterwards  continued,  a double  line 
lialf  through  the  book  is  drawn. 

When  a loofe  line  is  rneafured,  it  becomes  abfolutely 
neceffary  to  meafure  fome  line  that  will  determine  its 
pofition.  Thus,  the  fiift  line  ah,  being  the  bafe  of  a 
triangle,  is  always  determined  ; but  the  pofition  of  the 
feeond  fide  hj,  docs  not  become  determined,  till  the 
third  fide  jh  is  rneafured;  then  the  triangle  maybe  con- 
ftrudled,  and  the  pofition  of  both  is  determined. 

At  the  beginning  of  a line,  to  fix  a loofe  line  to  the 
mark  or  place  rneafured  from,  the  fign  of  turning  to 
the  right  or  left  hand  mufi  be  added  (as  at  j in  the 
third  line)  ; otherwife  a llranger,  when  laying  down 
the  work  may  as  eafily  conffrudt  the  triangle  hjb  on  the 
wrong  fide  of  the  line  ah,  as  on  the  right  one  : but 
this  error  cannot  be  fallen  into,  if  the  fign  above  named 
be  carefully  obferve-d. 

In  choofing  a line  to  fix  a loofe  one,  care  muff  be 


taken  that  it  does  not  make  a verv  acute  or  obtufe 
gle  ; as  in  the  triangle  /Br,  by  the  angle  at  B being 
very  obtufe,  a fmall  deviation  from  truth,  even  the 
breadth  of  a point  at  pov  r,  would  make  the  error  at  B 
wiien  conftrudfed  very  confidcrable  ; but  by  conffriuff- 
ing  the  triangle  />By,  fuch  a deviation  is  of  no  confe- 
qiience. 

Where  the  words  leave  off  are  written  in  the  field- 
book,  it  is  to  fignify  that  the  taking  of  offsets  is  from 
thence  diicontinucd  ; and  of  courfe  fomething  is  want- 
ing between  that  and  the  next  offset. 

ddie  field-book  above  referred  to,  is  engraved  on 
plate  29,  in  parts,  reprefenting  fo  many  pages,  each  of 
which  is  luppofed  to  begin  at  the  bottom,  and  end  at' 
'top.  And  the  map  or  plan  belonging  to  it,  in  fig.  2, 
pi.  28. 

17.  To  Survey  a County,  or  Large  TraB  of  Land, 

iff.  Choofe  two,  three,  or  four  eminent  places  for 
ftations  ; Inch  as  the  tops  of  high  hills  or  mountains, 
towers,  or  church  ffeeples,  which  may'  be  feen  from 
one  another  ; and  from  which  moil  of  the  towns,  and 
other  places  of  note,  may  alfo  be  feen.  And  let  them 
be  as  far  diftant  from  one  another  as  pofiible.  Upon 
thefe  place  raiic  beacons,  or  long  poles,  with  flags  of' 
different  colours  flying  at  them  ; fo  as  to  be  viflblefroin 
all  the  other  llations. 

2d.  At  all  the  places,  which  you  would  fet  down  in 
the  map,  plant  long  poles  with  flags  at  them  of  feveral 
colours,  to  diflinguiih  the  places  from  one  another  ; 
fixing  them  upon  the  tops  of  church  iteeples,  or  the 
tops  of  houfes,  or  in  the  centres  of leffer  towns. 

But  you  need  not  have  thefe  marks  at  many  places  at 
once,  as  fuppofe  half  a fcore  at  a time.  For  when  the 
angles  have  been  taken,  at  the  two  llations,  to  all 
thefe  places,  tlie  marks  may  be  moved  to  new  onts  ; 
and  fo  fucceliivcly  to  all  the  places  you  want.  Thefe 
marks  then  being  fet  up  at»a  convenient  number  of 
places,  and  fuch  as  may  be  feen  from  both  ftations ; 
go  to  one  of  thefe  ftations,  and  with  an  inftruraent  to 
take  angles,  Handing  at  that  ftation,  take  all  the  angles 
between  the  other  ftation,  and  each  of  thefe  marks, 
obferving  which  is  blue,  which  red,  &C5  and  which 
hand  they  lie  on  ; and  fet  all  down  with  their  colours. 
Then  go  to  tbe  other  ftation,  and  take  all  the  angles 
between  the  firft  ftation,  and  each  of  the  former  marks, 
and  fet  them  down  with  the  others,  each  againft  his 
fellow  with  the  fame  colour.  You  may,  if  you  can, 
alfo  take  the  angles  at  fome  third  ftation,  which  m-ay 
ferve  to  prove  the  work,  if  the  three  lines  interfedl  in 
that  point,  where  any  mark  ftands.  The  marks  muft 
ftand  till  the  oblervations  are  finifhed  at  both  ftations  ; 
and  then  they  muft  be  taken  down,  and  fet  up  at  fiefli 
places.  And  che  fame  operations  muft  be  performed, 
at  both  ftations,  for  thele  frefti  places  ; and  the  like 
for  others.  Your  iullrument  for  takinof  an  Aes  muff  be 
an  exceeding  good  one,  made  on  puipofe  with  ttle- 
fcopic  fights  ; and  of  three,  four,  or  five  feet  radius. 
A circumferentor  is  reckoned  a good  inftrument  for  this 
purpofe. 

3d.  And  though  it  is  not  abfolutely  neceffary  to 
meafure  any  diftance,  becaufe  a ftationary  line  being 
laid  down  from  any  fcale,  all  the  other  lines  will  be 
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proportional  to  it ; yet  it  is  better  to  meafure  fome  of 
the  lines,  to  afcertain  the  diftances  of  places  in  miles  ; 
and  to  know  how  many  geometrical  miles  there  are  in 
any  length  ; and  from  thence  to  make  a fcale  to  mea-- 
fare  any  diftance  in  miles.  In  meafuring  any  diftance, 
it  will  not  be  exadi  enough  to  go  along  the  high  roads  ; 
by  reafon  of  their  turnings  and  windings,  and  hardly 
ever  lying  in  a right  line  between  the  llations,  which 
would  caufe  endlefs  reduftions,  and  create  trouble 
to  make  it  a right  line  ; for  which  reafon  it  can  ne- 
ver be  exadl.  But  a" better  w^ay  is  to  meafure  in  a right 
line  with  a chain,  between  liation  and  ftation,  over 
hills  and  dales  or  level  fields,  and  all  obflacles.  Only  in 
calc  of 'Water,  woods,  towns,  rocks,  banks,  dec,  where 
one  cannot  pafs,  fuch  parts  of  the  line  muft  be  meafured 
by  the  methods  of  inaccelTible  diftances;  and  befides, 
allowing  for  afeents  and  deicents,  when  we  meet  with 
them.  And  a good  compafs  that  fhevvs  the  bearing  of 
the  two  ftations,  will  always  direft  yon  to  go  ftraight, 
when  you  do  not  fee  the  two  ftations  ; and  in  your  pro- 
grefs,  if  you  can  go  ftraight,  you  may  take  offsets  to 
any  remarkable  places,  iikewife  noting  the  interfedfion 
of  the  ftutionary  line  with  all  roads,  rivers,  &c. 

4th.  And  from  all  the  ftations,  and  in  the  whole  pro- 
grefs,  be  very  particular  In  obferving  fea  coafts,  river 
mouths,  towns,  caftles,  houfes,  churches,  windmills, 
w'atermills,  trees,  rocks,  fands,  roads,  bridges,  fords, 
ferries,  woods,  hills,  mountains,  rills,  brooks,  parks, 
beacons,  ftuices,  floodgates,  locks,  dec  ; and  in  general 
all  things  that  are  remarkable. 

5th.  After  you  have  done  with  the  firft  and  main 
ftation  lines,  Vvhich  command  the  whole  county  ; you 
muft  then  take  inner  ftations,  at  fome  places  already 
determined  ; which  will  divide  the  whole  into  feveial 
partitions  : and  from  thefe  ftations  you  muft  determine 
the  places  of  as  many  of  the  remaining  towns  as  you 
can.  And  If  any  remain  in  that  part,  you  muft  take 
more  ftations,  at  fome  places  already  determined  ; 
from  which  you  may  determine  the  reft.  And  thus 
proceed  through  all  the  parts  of  the  country,  taking 
ftation  after  ftation,  till  we  have  determined  all  we  want. 

And  In  general  the  ftation  diftances  muft  always  pafs 
through  fuch  remarkable  points  as  have  been  determined 
before,  by  the  former  ftations. 

6th.  Laftly,  thepofition  of  the  ftation  line  you  mea- 
fure, or  the  point  of  the  compafs  it  lies  on,  muft  be'^de- 
termined  by  aftronomical  obfervation.  Hang  up  a 
thread  and  plummet  in  the  fun,  over  fome  part  of  the 
ftation  line,  and  obferve  when  the  ihadow  runs  along 
that  line,  and  at  that  moment  take  the  fun’s  altitude  ; 
then  having  his  declination,  and  the  latitude,  the 
azimuth  whll  be  found  by  fpherical,  trigonometry. 

And  the  azimuth  is  the  angle  the  ftation  line  makes 
with  the  meridian  ; and  therefore  a meridian  may  eafily 
be  drawn  through  the  map  r Or  a meridian  may  be 
drawn  through  it  by  hanging  up  two  threads  in  a 
line  with  the  pole  ft-ar,  when  he  is  juft  north,  which 
may  be  known  from  aftronomical  tables.  Or  thus  ; 
oblerve  the  ftar  AHoih,  or  that  in  the  rump  of  the 
great  bear,  being  that  next  the  fquare  ; or  eUe  Caflio- 
peia’s  hip  ; I fay,  obferve  by  a line  and  plummet  when 
either  of  thefe  ftars  and  the  pole  ftar  come  Into  a per- 
pendicular ; and  at  that  time  they  are  due  north.  There- 
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fore  two  perpendicular  lines  being  iRxed  at  that  mo- 
ment, towards  thefe  two  ftars,  will  give  the  pofition 
of  the  meridian. 

18.  To  Survey  a Town  or  Ctty% 

This  may  be  done  with  any  of  the  inftriim.ents  for 
taking  angles,  but  beft  of  all  with  the  plain  table,  where 
every  minute  part  Is  drawn  while  in  fight.  It  is  proper 
alfo  to  have  a chain  of  50  feet  long,  divided  into  50 
links,  and  an  offset-ftaff  of  10  feet  long. 

Begin  at  the  meeting  of  two  or  more  of  the  princi- 
pal ftrtets,  through  which  you  can  have  the  longed: 
profpeCts,  to  get  the  longeft  ftation  lines.  Tliere 
having  fixed  the  inftrument,  draw  lines  of  diredion 
along  thofe  ftreets,  ufing  two  men  as  marks,  or  poles 
fet  in  wooden  pedeftals,  or  perhaps  fome  remarkable 
places  in  the  houfes  at  the  farther  ends,  as  windows, 
doors,  corners,  &c.  hleafure  thefe  lines  with  the 
chain,  taking  offsets  wu'th  the  ftaff,  at  all  corners  of 
ftreets,  bendings,  or  windings,  and  to  all  remarkable 
things,  as  churches,  markets,  halls,  colleges,  eminent 
houfes.  See.  Then  remove  the  inftrumeiu  to  anotiier 
ftation  along  one  of  thefe  lines  ; and  there  repeat  the 
fame  procefs  as  before.  And  fo  ou  till  the  whole  is  ft- 
nifhed. 


^ Thus,  fix  the  inftrument  at  A,  and  draw  lines  in  the 
diredion  of  all  the  ftreets  meeting  there  ; and  meafure 
AB,  noting  the  ftreet  on  the  left  at  m.  At  the  fecund, 
ftation  B,  draw  the  diredions  of  the  ftreets  meeting, 
there  ; meafure  from  B to  C,  noting  the  places  of  tfte  ' 
ftreets  at  n and  o as  you  pafs  by  them.  At  the  3d  fta- 
tloii  C,  take  the  diredion  of  all  the  ftreets  meetings 
there,  and  meafure  CD.  At  D do  the  fame,  and  meiw 
fare  DE,  noting  the  place  of  the  crofs  ftreets  at  p. 
And  in  this  manner  go  through  all  the  principal  ftreets.. 
This  done,  proceed  to  the  fmaller  and  intermediate 
ftreets  ; and  laftly  to  the  lanes,  alleys,  courts,  yards, 
and  every  part  that  it  may  be  thought  proper  to  re- 
prefen t. 

V P f’  < 

Of  Planning,  Computing,  and  Dlwdihg. 

19*  To  Lay  down  the  Plan  of  any  Survey ^ 

If  the  furvey  was  taken  with  a plain  table,  you  Have- 
u- rough  plan  of  it  already  on  the  paper  which,  covered 
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4hc  table.  But  if  the  furvey  was  with  any  other  in- 
tlrument,  a plan  of  it  is  to  be  drawn  from  the  meafures 
that  were  taken  in  the  furvey,  and  iiril  of  all  a rough 
plan  upon  paper. 

To  do  this,  you  mull  have  a fet  of  proper  indrn- 
ments,  for  laying  down  both  lines  and  angles,  &c  ; as 
fcales  of  various  hzes,  the  more  of  them,  and  the  more 
accurate,  the  better  ; fcales  of  chords,  protradlors,  pei*- 
pendicular  and  parallel  rulers,  &c.  Diagonal  fcales  are 
bed  for  the  lines,  becaufe  they  extend  to  three  figures, 
or  chains  and  links,  which  are  hundredth  parts  of 
chains.  And  in  ufmg  the  diagonal  fcale,  a pair  of  com- 
paifes  mud  be  employed  to  take  off  the  lengths  of  the 
principal  lines  very  accurately.  But  a fcale  with  a 
thin  edge  divided,  is  much  readier  for  laying  down  the 
perpendicular  odsets  to  crooked  hedges,  and  for  mark- 
ing the  places  of  thofe  offsets  upon  the  ftation  line  ; 
which  is  done  at  only  one  application  of  the  edge  of  the 
fcale  to  that  line,  and  then  pricking  off  all  at  once  the 
didances  along  it.  Angles  are  to  be  laid  down  either 
with  a good  fcale  of  chords,  wdiich  is  perhaps  the  mod 
accurate  way  ; or  with  a large  protradfor,  which  is 
mucli  readier  when  many  angles  are  to  be  laid  down  at 
one  point,  as  they  are  pricked  oft  all  at  once  round  the 
edge  of  the  protradfor. 

Very  particular  diredtions  for  laying  dotV'n  all  forts 
of  figures  cannot  be  neceffary  in  this  place,  to  any 
perfon  who  has  learned  pradfical  geometry,  or  the 
conftrudlion  of  figures,  and  the  ufe  of  his  inftruments. 
It  may'  therefore  be  fufficient  to  obferve,  that  all  lines 
and  angles  mu  ft  be  laid  down  on  the  plan  in  the  fame 
order  in  which  they  were  meafured  in  the  field,  and 
in  which  they  are  written  in  the  field-book  ; laying 
down  firft  the  angles  for  the  pofition  of  lines,  then  the 
lengths  of  the  lines,  with  the  places  of  the  offsets,  and 
then  the  lengths  of  the  offsets  themfelves,  all  with  dry 
or  obfeure  lines  ; then  a black  line  drawn  through 
the  extremities  of  all  the  offsets,  will  be  the  hedge  or 
bounding  line  of  the  field,  &c.  After  the  principal 
bounds  and  lines  are  laid  down,  and  made  to  fit  or 
'clofe  properly,  proceed  next  to  the  frnaller  objedls, 
till  you  have  entered  every  thing  that  ought  to  appear  in 
the  plan,  as  houfes,  brooks,  trees,  hills,  gates,  ftiles, 
roads,  lanes,  mills,  bridges,  woodlands,  &c,  See, 

The  north  fide  of  a map  or  plan  is  commonly  placed 
nppermoft,  and  a meridian  fomewhere  drawn,  with  the 
compafs  or  flower-de-luce  pointing  north.  Alfo,  in  a 
vacant  place,  a fcale  of  equal  parts  or  chains  is  drawn, 
and  the  title  of  the  rnap  in  confplcuous  charadlers,  and 
embelllfhed  with  a compartment.  All  hills  muft  be 
fhadowed^  to  dlftlnguifli  them  in  the  map.  Colour  the 
hedges  with  different  colours ; reprefent  hilly  grounds 
by  broken  hills  and  valleys  ; draw  fingle  dotted  lines 
for  foot-paths,  and  double  ones  for  horfe  or  carriage 
roads.  Write  the  name  of  each  field  and  remarkable 
place  within  it,  and,  if  you  choofe,  its  content  in  acres, 
roods,  and  perches. 

In  a very  large  eftate,  or  a county,  draw  vertical  and 
horizontal  lines  through  the  map,  denoting  the  Ipaces 
between  them  by  letters,  placed  at  the  top,  and  bot- 
tom, and  fides,  for  readily  finding  any  field  or  other 
objedl,  mentioned  in  a table. 

In  mapping  counties,  and  eftates  that  have  uneven 
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grounds  of  hills  and  valleys,  reduce  all  oblique  lines, 
meafured  up  hill  and  down  hdl,  to  horizontal  ftraight 
lines,  if  that  was  not  done  during  the  furvey,  before  they 
%vere  entered  in  the  field-book,  by  making  a proper  al- 
lowance to  fliorten  them.  For  which  purpofe,  there  is 
commonly  a fmali  table  engraven  on  fome  of  the  inllru- 
ments  fev  Survey  ing. 

> « 

20.  To  Compule  the  Contents  of  Fields, 

I ft.  Compute  the  contents  of  the  figures,  wdiether 
triangles,  or  trapeziums,  &c,  by  the  proper  rules  fur 
the  feveral  figures  laid  down  in  meafuring  ; multiply- 
ing the  lengths  by  the  breadths,  both  in  links ; the 
product  is  acres  after  you  have  cut  off  five  figures  on 
the  right,  for  decimals;  then  bring  thefe  decimals  to 
roods  and  perches,  by  multiplying  firft  by  4,  and  then 
by  40.  An  example  of  which  was  given  in  the  deicrip* 
tioii  of  the  chain,  art.  i. 

2d.  In  fmall  and  feparate  pieces,  it  is  ufual  to  call 
up  their  contents  from  the  meafures  of  the  lines  taken 
in  furveying  them,  without  making  a corredt  plan  of 
them. 

Thus,  in  the  triangle  in  art.  7,  where  we  had 
AP  = 794,  and  AB  = 1:^21 
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7926 

2642 

10568 


2 ) iO'9  [ 146 

5*45573  ac  r p 

4 Anf.  32  I 33  nearly 


1*82292 
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Or  the  firft  example  to  art.  8,  thus ; 


AE  214 
AF  362 
AC  592 


210  ED 
306  FB 


5 1 6 fum  of  perp* 
592  AC 


1032 

4644 

2580 
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Or  the  id  example  to  the  fame  article,  tlrus: 
A P no  352  PC 

74)  595  QP 

AB  1110 


rc  332 

AP  J 10 

tc  %C2 
QP  59> 

2 APe  38720 

fum  947 
FQ.63,- 

473S 

2841 

5682 

sPCDQ^  601343 


ac  r p 

Anf.  415 


QP  sgs 
(^li  365 


297) 

3570 

1 783 


217175  = 2QpB 
601343  s:2PCDQ^ 
38720  = 2APC 


2)  8*37240=dou.thewhole 
4’2S62 
4 


1*1448 

40 


4th.  Sometimes  fucli  pieces  as  that  above,  are  com- 
puted by  finding  a mean  breadth,  by  dividing  the  funi 
of  the  offsets  by  the  number  of  them,  accounting  that 
for  one  of  them  where  the  boundary  meets  the  ftation 
line,  as  at  A ; then  multiply  the  length  AB  by  that  mean 
breadth. 

Tims : 

00  ^ 785  AB 

62  66  mean  breadth 

84  

70  47^^  sc  1'  P 

98  4710  Content  o 2 2 by  this  method, 

^7  ' which  is  10  perches  too  little. 

91  *31810 

7)  462  1 

66  2*07240 


2*89600 


3*7920 


3d.  In  pieces  bounded  by  very  crooked  and  winding 
hedges,  meafnred  by  offsets,  all  the  parts  between  the 
offsets  are  moll  accurately  meafnred  feparately  as  fmall 
trapezoids,  i'hiis,  for  the  example  to  art.  6,  where 
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*37854  Content  o 212 
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But  this  method  is  always  erroneous,  except  when 
the  offsets  fland  at  equal  diflances  from  one  another. 

3tlK  But  In  larger  pieces,  and  whole  eftates,  confifl- 
ing  of  many  fields,  it  is  the  Common  practice  to  make 
a rough  plan  of  the  whole,  and  from  it  compute  the 
contents  quite  Independent  of  the  meafures  of  the  lines 
and  angles  that  were  taken  in  Surveying.  Por  then 
new  lines  are  drawn  in  the  fields  in  the  plan,  fo  as  to 
divide  them  into  trapeziums  and  triangles,  the  bafes 
and  perpendiculars  of  which  are  meafured  on  the  plan 
by  means  of  the  fcale  from  which  it  Was  drawn,  and 
fo  multiplied  together  for  the  contents.  In  this  way 
the  work  is  very  expeditloufly  done,  and  fufficiently 
correft  ; for  fuch  dimenfions  are  taken,  as  afford  the 
mofl  cafy  method  of  calculation  ; and,  among  a num*" 
ber  of  parts,  thus  taken  and  applied  to  a fcale,  it  is 
likely  that  fome  of  the  parts  will  be  taken  a fmall  mat- 
ter too  little,  and  others  too  great  ; fo  that  they  will, 
upon  the  whole,  in  all  probability,  very  nearly  balance 
one  another.  After  all  the  fields,  and  particular  parts, 
are  thus  computed  feparately,  and  added  all  together 
into  one  fum,  calculate  the  whole  efiate  independent  of 
the  fields,  by  dividing  it  into  large  and  arbitrary  trian- 
gles and  trapeziums,  and  add  thefe  alfo  together.  Then 
if  this  fum  be  equal  to  the  former,  or  nearly  fo,  the 
work  is  right ; but  if  the  Inms  have  any  confiderable 
difference,  it  is  wrong,  and  they  muft  be  examined, 
and  recomputed,  till  they  nearly  agree. 

A fpeclmen  of  dividing  into  one  triangle,  or  one 
trapezium,  which  will  do  for  mofl  lingle  fields,  may  be 
fecn  ill  the  examples  to  the  lafl  article  ; and  a fpeclmen 
of  dividing  a large  tra6l  into  feveral  fuch  trapeziums 
and  triangles,  in  article  9,  where  a piece  is  fo  divided, 
and  Its  dimenfions  taken  and  fet  down  ; and  again  in 
articles  13,  16. 

6th.  But  the  chief  fecret  in  cafling  up,  confifls  in 
finding  tlie  contents  of  pi(  xcs  bounded  by  curved,  or 
very  irregular  lines,  or  in  reducing  fuch  crooked  Ikh  s 
of  fields  or  boundaries  to  flraight  lines,  that  lhall  in- 
clofe  the  fame  or  equal  area  with  thole  crooked  fides, 
and  fo  obtain  the  area  of  the  curved  figure  bv  means  of 
the  right-lined  one,  which  will  commonly  be  a trape- 
4 B zium. 
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zium.  No\7  tills  reducing  the  crooked  Tides  to  flraight 
ones,  is  very  eaGly  and  accurately  performed  thus  ; 
Apply  the  ilraight  edge  of  a thin,  clear  piece  of  lan- 
thorn-horn  to  tiie  crooked  line,  which  is  to  be  reduced, 
in  Inch  a manner,  that  the  imall  parts  cut  off  from  the 
crooked  figure  by  it,  may  be  equal  to  thofe  which 
are  taken  in  : which  equality  ot  the  parts  included 
and  excluded,  ymu  will  prefently  be  ^bk  to  judge  of  very 
nicely  by  a little  praftice  : then  with  a pencil  draw 
a line  by  the  ftraight  edge  of  the  horn.  Do  the  fame 
by  the  other  Tides  of  ttie  field  or  figure.  So  fliall  you 
have  a flraight-fided  figure  equal  to  the  curved  one  ; 
the  contents  of  which,  being  computed  as  before  di- 
rected, will  be  the  content  of  the  curved  figure  pro- 
pofed. 

Or,  inflead  of  the  ftraight  edge  of  the  horn,  a horfe- 
hair  may  be  applied  acrofs  the  crooked  fides  in  the  fame 
manner  ; and  the  eafieft  way  of  ufing  the  hair,  is  to 
firing  a fmall  {lender  bow  with  it,  either  of  wire,  or  cane, 
or  whale-bone,  or  fuch  like  {lender  fprlngy  matter  ; for, 
the  bow  keeping  it  always  ft  retched,  it  can  be  eafily 
and  neatly  applied  with  one  hand,  while  the  other  is  at 
liberty  to  make  two  marks  by  the  fide  of  it,  to  draw  the 
ftraight  line  by. 

j£;c.  Thus,  let  it  be  required  to  find  the  contents  of 
the  fame  figure  as  in  art.  12,  to  a fcale  of  4 chains  to  an 
inch. 


Draw  the  four  dotted  ftraight  lines  AB,  BC,  CD, 
DA,  cutting  off  equal  quantities  on  both  Tides  of  them, 
which  they  do  as  near  as  the  eye  can  judge  : fo  is  the 
crooked  figure  reduced  to  an  equivalent  right-lined  one 
of  four  Tides  ABCD.  Then  draw  the  diagonal  BD, 
which,  by  applying  a proper  fcale  to  it,  meafures  1256. 
Alfo  the  perpendicular,  or  neareft  dlftance,  from  A to 
this  diagonal,  meafures  456 ; and  the  diftance  of  C 
from  it.  Is  428.  Then 


456 
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1256 
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And  tlyis  the  content  of  the  trapezium,  and  confe* 
quently  of  the  irregular  figure,  to  which  it  is  equal,  if 
eafily  found  to  be  5 acres,  2 roods,  8 perches. 

21.  ‘To  Transfer  a Plan  to  another  Foper.^ 

After  the  rough  plan  is  completed,  and  a fair  one  i$ 
wanted  ; this  may  be  done,  either  on  paper  or  vellum^ 
by  any  of  the  following  Methods. 

Ftrji  Method. — Lay  the  rough  plan  upon  the  clean 
paper,  and  keep  them  always  preffed  flat  and  clofc  to- 
gether, by  weights  laid  upon  them.  Then,  with  the 
point  of  a fine  pin  or  pricker,  prick  through  all  the 
corners  of  the  plan  to  be  copied.  'Fake  them  afun- 
dcr,  and  connedl  the  pricked  points  on  the  clean  papeiq 
v/ith  lines  ; and  it  is  done.  This  method  is  only  to  be 
pratftlfed  in  plans  of  fuch  figures  as  are  fmall  and  tole- 
rably regular,  or  bounded  by  right  lines. 

Second  Method. — ^Rub  the  back  of  the  rough  plan 
over  with  black  lead  powder  ; and  lay  the  faid  black 
part  upon  the  clean  paper,  upon  which  the  plan  is  to  be 
copied,  and  in  the  proper  pofition.  Then,  with  the 
blunt  point  of  fome  hard  fubftance,  as  brafs,  or  fuch 
like,  trace  over  the  lines  of  the  whole  plan  ; preffing 
the  tracer  fo  much  as  that  the  black  lead  under  the  lines 
may  be  transferred  to  the  clean  paper  ; after  which  take 
off  the  rough  plan,  and  trace  over  the  leaden  marks 
with  common  ink,  or  with  Indian  ink,  &c.— -Or,  in- 
ftead  of  blacking  the  rough  plan,  you  may  keep  con- 
ftantly  a blacked  paper  to  lay  between  the  plans. 

Third  Method. — Another  way  of  copying  plans,  is 
by  means  of  fquares.  This  is  performed  by  dividing 
both  ends  and  fides  of  the  plan,  which  is  to  be  copied, 
into  any  convenient  number  of  equal  parts,  and  con- 
netfting  the  correfponding  points  of  divifion  with  lines 
which  will  divide  the  plan  into  a number  of  fmall 
fquares.  Then  divide  the  paper,  upon  which  the  plan 
is  to  be  copied,  into  the  fame  number  of  fquares,  each 
equal  to  the  former  when  the  plan  is  to  be  copied  of  the 
fame  fize,  but  greater  or  leis  than  the  others,  in  the 
proportion  in  which  the  plan  is  to  be  increafed  or  dimi- 
nifhed,  when  of  a different  fize.  Laftly,  copy  into  the 
clean  fquares,  the  parts  contained  in  the  correfponding 
fquares  of  the  old  plan  ; and  you  will  have  the  copy 
cither  of  the  fame  fize,  or  greater  or  lefs  in  any  propor- 
tion. 

Fourth  Method.— -A  fourth  way  is  by  the  inftrument 
called  a pentagraph,  which  alfo  copies  the  plan  in  any 
fize  required. 

Fifth  Method. — But  the  neateft  method  of  any  is 
this.  Procure  a copying  frame  or  glafs,  made  in  this 
manner  ; namely,  a large  fquare  of  the  bell  window 
glafs,  fet  in  a broad  frame  of  wood,  which  can  be 
raifed  up  to  any  angle,  when  the  lower  fide  of  it  relts 
on  a table.  Set  this  frame  up  to  any  angle  before  you, 
facing  a ftrong  light ; fix  the  old  plan  and  clean  paper 
together  with  feveral  pins  quite  around,  to  keep  them 
together,  the  clean  paper  being  laid  upperraoft?  and 
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upon  the  face  of  the  plan  to  be  copied.  Lay  them, 
with  the  back  of  the  old  plan,  upon  the  glafs,  namely, 
that  part  which  you  intend  to  begin  at  to  copy  fudl  ; 
and,  by  means  of  the  light  fliining  through  the  papers, 
you  will  very  dillinftly  perceive  every  line  of  the  plan 
through  the  clean  paper,  in  this  hate  then  trace  all 
the  lines  on  the  paper  with  a pencil.  Having  drawn 
that  part  which  covers  the  glafs,  hide  another  part 
over  the  glafs,  and  copy  it  in  the  fam.e  manner. 
And  then  another  part.  And  fo  on  till  the  whole  be 
copied. 

Then,  take  them  afunder,  and  trace  all  the  pencil- 
lines over  with  a fine  pen  and  Indian  ink,  or  with  com- 
mon ink. 

And  thus  you  may  copy  the  fined  plan,  without  in- 
juring it  in  the  lead. 

When  the  lines,  &c,  are  copied  upon  the  clean 
paper  or  vellum,  the  next  bufinefs  is  to  write  fuch 
names,  remarks,  or  explanations  as  may  be  judged 
neceffary  ; laying  down  the  fcale  for  taking  the  lengths 
of  any  parts,  a fiower-de-luce  to  point  out  the  direc- 
tion, and  the  proper  title  ornamented  with  a compart- 
ment ; and  illudrating  or  colouring  every  part  in  fuch 
manner  as  fhall  feem  mod  natural,  fuch  as  fliading  ri- 
vers or  brooks  with  crocked  lines,  drawing  the  repre- 
fentations  of  trees,  bufhes,  hills,  woods,  hedges,  houfes, 
gates,  roads,  &c,  in  their  proper  places ; running  a 
fingle  dotted  line  for  a footpath,  and  a double  one  for 
a cairlage  road  ; and  either  reprefenting  the  bafesorthe 
elevations  of  buildings,  &c. 

2 2,  Of  the  Divifon  of  Lands , 

In  the  divlfion  of  commons,  after  the  whole  is 
furveyed  and  cad  up,  and  the  proper  quantities  to  be 
allowed  for  roads,  &c,  deducted,  divide  the  net  quan- 
tity remaining  among  the  feveral  proprietors,  by  the 
rule  of  Fellowdiip,  in  proportion  to  tlie  real  value  of 
their  edates,  and  you  will  thereby  obtain  their  propor- 
tional quantities  of  the  land.  But  as  this  divifion  fnp- 
pofes  the  land,  which  is  to  be  divided,  to  be  all  of  an 
equal  goodnefs,  you  mud  obferve  that  if  the  part  in 
which  any  one’s  fhare  is  to  be  marked  off,  be  better  or 
worfe  than  the  general  mean  quality  of  the  land,  then 
you  mud  diminifh  or  augment  the  quantity  of  his  fhare 
in  the  fame  proportion. 

Or,  which  comes  to  the  fame  thing,  divide  the 
ground  among  the  claimants  in  the  direct  jatio  of  the 
value  of  their  claims,  and  the  inverfe  ratio  of  the  qua- 
lity of  the  ground  allotted  to  each  ; that  is,  in  propor- 
tion to  the  quotients  arifing  from  the  divifion  of  the  va- 
lue of  each  perfon’s  edate,  by  the  number  which  ex- 
preffes  the  quality^  of  the  ground  in  his  fhav  v 

But  thefe  regular  methods  cannot  always  be  put  in 
practice  ; fo  that,  in  the  divifion  of  commons,  the  iifual 
way  is,  to,meafure  feparately  all  the  land  that  is  of  dif- 
ferent values,  and  add  into  two  fums  the  contents  and 
the  values;  then,  the  value  of  every  claimant’s  flrare 
is  found,  by  dividing  the  whole  value  among  them 
in  proportion  to  their  edates ; and,  ladly,  by  the  24th 
4 


article,  a quantity  is  laid  out  for  each  perfon,  that  fliaU 
be  of  the  value  of  his  fhare  before  found, 

23,  It  IS  required  to  dt-vide  any  given  ^jqantlty  of  Grounds 

or  its  Value,  into  any  given  Number  of  Paris,  and  iit 

Proportion  as  any  given  Numbers. 

Divide  the  given  piece,  or  its  value,  as  in  the  rule  of 
Fello’wfhip,  by  dividing  the  whole  content  or  value  by 
the  fum  of  the  numbers  exprelling  the  proportions  of  the 
feveral  fliares,  and  multiplying  the  quotient  feverallyby 
the  faid  proportional  numbers  for  tlie  refpeclive  diarcs 
required,  when  the  land  is  all  of  the  fame  quality.  But 
if  the  diares  be  of  different  qualities,  then  divide  the 
numbers  exprefiing  the  proportions  or  values  of  the 
fharcs,  by  the  numbers  which  exprefs  the  qualities 
of  the  land  in  each  fhare  ; and  ufe  the  quotients 
indead  of  the  former  proportional  numbers. 

Ex,  I.  If  the  total  value  of  a common  be  syoc* 
pounds,  it  is  required  to  determine  the  values  of  tl'.e 
fhares  of  the  tliree  claimants  A,  13,  C,  whofe  cf- 
tates  are  of  thefe  values,  loooo,  and  150CO,  and  25COQ 
pounds. 

The  edates  being  in  proportion  as  the  numbers 
2,  3,  5',  whofe  fum  is  10,  we  fliall  have  2500  10  = 

250;  wdiich  being  feverally  multiplied  by  3,  3,  the 
produds  50c,  750,  1250,  are  the  values  of  the  ihares 
required. 

Ex.  2.  It  is  required  to  divide  300  acres  of  land 
among  A,  B,  C,  D,  E,  F,  G,  and  H,  whofe  claims 
upon  it  are  refpedively  in  proportion  as  the  numbers 
I)  2,  3,  8,  10,  15,  20. 

The  fum  of  thefe  proportional  numbers  is  64,  by 
w'hlch  dividing  300,  the  quotient  is  4 ac.  3 r.  30  p.  which 
being  multiplied  by  each  of  the  numbers,  I,  2,  3,  5, 


for  the  feveral  fliares 

as  below : 

Ac. 

R. 

P. 

A z.  4 

2 

30 

B = 9 

I 

20 

C = 14 

0 

la 

D =:  2 3 

I 

30 

E = 37 

2 

00 

F 46 

3 

20 

G = 70 

I 

la 

H = 95 

3 

00 

Sum  300 

0 

00 

Ex.  3.  It  is  required  to  divide  780  acres  among 
A,  B,  and  C,  whofe  edates  are  1000,  3000,  and  4000 
pounds  a year  ; the  ground  in  their  fhares  being  worth 

8,  and  10  fliillings  the  acre  refpedively. 

Here  their  claims  are  as  i,  5,4;  and  the  qualities  of 
their  land  are  as  3,  8,  10  ; therefore  their  quantitie’S 
mud  be  as  *,  J,  f-,  or,  by  reduction,  as  8,  13,  i6.  Now 
the  fum  of  thefe  numbers  is  39  ; by  which  dividing  the 
780  acres,  tlie  quotient  is  20;  which  being  multiplied 
feverally  by  the  three  numbers  8,  15,  i6,  the  three  pro- 
duds  are  160,  500,  320,  for  the  fhares  of  A,  B,  C, 
refpcdlvcry, 
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224,  Cut  off  from>  a FTan  a Given  Numhcr  of  Acres ^ 
cf^j  iy  a Line  drawn  from  any  Voint  hi  the  Side 
cf  it. 

Let  Abe  the  given  point  in  the  annexed  plan,  from 
vrhich  a line  is  to  be  drawn'  cutting  off  fuppofe  5 ac* 
2 r.  14  p.  ' 


Draw  AB  cutting  off  the  part  as  near  as  can 

be  judged  equal  to  the  quantity  propofed  ; and  let  the 
true  quantity  of  ABC,  when  calculated,  bc' only  430. 
3 r.  2G  p.  which  islefs  than  5ac.  2- r.  iqp.  the  true  quan- 
tity, by  o ac.  2 r.  34  p.  or  71250  fquare  links.  Then 
ineafure  AB,  which  fuppofe  — 1234  links,  and  divide 
7 1 250,.  by  6 1 7 the  half  of  it,  and  the  quotient  1 1 5 links 
will  be  the  altitude  of  the  triangle  to  be  added,  and 
whole  bafe  is  AB.  Therefore  if  upon  the  centre  B, 
with  the  radius  1 1 5,  an  arc  be  defcribed  ; and  a line  be 
drawn  parallel  to  AB,  touching  the  arc,  and  cutting 
BD  in  D ; and  if  AD  be  drawn,^  it  will  be  the  line 
cutting  off  the  required  quantity  ADCA. 

Note.  If  the  firft  piece  had  been  toomuch,  then  D 
muft  have  been  fet  below  B. 

In  this  manner  the  feveral  (hares  of  commons,  to  bc 
divided,  may  be  laid  down  upon  the  plan,  and  transferred 
from  thence  to  the  ground  itfelf. 

Alfo  for  the  greater  eafe  and  perfedfion  in  this  bufi- 
nefs,  the  following  problems  may  be  added. 

35.  From  an  Angle  in  a Given  Triangle^  to  draw  Lines 
to  the  oppofite  Ftde^  dlvtding^  the  Friangle  into  any  Num~ 
her  of  Parts,  which  Jhall  he  in  any  affigned  Propor- 
tion to  each  other. 

Divide  the  bafe  into  the  fame  number  of  parts,  and 
in  the  fame  proportion,  by  article  22  ; then  from  the 
feveral  points  of  divifion  draw  lines  to  the  propofed  an- 
gle, and  they  will  divide  the-  triangle  as  required. — 
For,  the  feveral  parts  arc  triangles  of  tl^e  fame  altitude, 
and  which  therefore  are  as  their  bafes,  which  bafes  are 
taken  in  the  affigned  proportion. 

Fx.  Let  the  triangle  ABC,  of  20  acres,  be  divided 
into  five  parts,  which  (hall  be  in  proportion  to  the  num- 
bers I,  2,  3,  5,  9 ; the  lines  of  divifion  to  be  drawn 
from  A to  CB,  whofe  length  is  1600  links. 


A 


/ 1 \ 

C a 6 c cl  B 

Here  i4“2-k3‘i"5H“9^  iboo—:  2022:  So*- 

which  being  multiplied  by  each  of  the  proportional 
numbers,  we  have  80,  160,  240,  400,  and  720  There- 
fore make  Ca  = 80,  = 160,  he  = 240,  cd 

400,  and  ^B  =2  720;  then  by  drawmg  the  lines 
hh,  he,  hd,  the  triangle  is  divided  as  required, 

26.  From  any  Point  in  one  fide  of  a Ghmn  Triangle,  to 
draw  Lines  to  the  other  two  Sides-  dividing  the  Trian-^ 
gle  into  any  Niimher  of  Paris  which  Jhall  be  in  any  af- 
Jigned  Ratio, 

From  the  given  point  D,  draw  DB  to  the  angle  op-, 
pofite  the  fide  AC  in  which  the  point  is  taken  ; then  di- 
vide the  fame  fide  AC  into  as  many  parts  A E,  EF,  EG, 
GC,  and  in  the  fame-  proportion  with  the  required 
parts  of  the  triangle,  like  as  was  done  in  the  lail  pro- 
blem ; and  from  the  points  of  divifion  draw  lines  EK, 
FI,  GH,  parallel  to  the  line  BD,  and  meeting  the 
other  (ides  of  the  triangle  in  K,  I,  H ; laftly,  draw 
KD,  ID,  HD,  fo  fliallADK,  KDI,  IDHB,  HDC’ 
be  the  parts  required. — The  txample  to  this  will  be 
done  exadtly  as  the  laft. 


For,  the  triangles  ADK,  KDI,  IDB,  being  of  tlie 
fame  height,  are  as  their  bafes  AK,  KI,  IB  ; which, 
by  means  of  the  parallels  EK,  FI,  DB,  are  as  AE,. 
EF,  FD  ; in  like  manner,  the  triangles  CD H,  HDB, 
are  to  each  other  as  CG,  (jD  : but  the  two  triangles. 
IDB,  BDH,  having  the  fame  bafe  BD,  are  to  each 
other  as  the  diftances  of  I and  M fiom  BD,  or  as  FD 
to  DG  ; confequently  the  parts  DAK,  DKI,  DiBH, 
DHC,  are  to  each  other  as  AE,  EE,, EG,  GC. 

Surveying  of  Harbours, 

The  method  of  Surveying  harbours,  and  of  forming 
maps  of  them,  as  alfo  of  the  adjacent  coails,  fands, 
&c,  depends  on  the  fame  principles,  and  is  chiefly  con- 
duced like  that  of  common  Surveying.  The  opera- 
tion is  indeed  more  complicated  and  laborious;  as  it  is- 
neceifary  to  ereC  a number  of  fignals,  and  to  mark  a 
variety  of  objeCs  along  the  coaft,  with  diflerent  bear- 
ings from  one  another,  and  the  feveral  parts  of  the  harr 
hour  j andlikewife  tomeafure  a great  number  of  angles 
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ijt  different  ffaticns,  whether  on  theland  or  the  water.  For  hut  in  ffrldl  conformity  to  the  beft  obfervations.  Tliefe 


this  purpofe,  the  bed  inftrument  is  Hadley’s  quadrant, 
as  all  thefe  operatrans  may  be  performed  by  it,  not  only 
with  greater  eafe,  but  alfo  with  much  more  precifion, 
than  can  be  hoped  for  by  any  other  means  , as  it  is  the 
only  inftrument  m ufe,  in  which  neither  the  exaffnefs  of 
the  obfervations,  nor  the  eafe  with  which  they  may  be 
made,  are  fenfibly  affedfed  by  the  motion  of  a yeffel  : 
and  hence  a fingle  oblerver,  in  a boat,  may  generallY 
determine  the  fituatioii  of  any  place  at  plcafure,  with  a 
fufficient  degree  of  exadtnefs,  by  taking  tire  angles  fub- 
tended  by  feveral  pairs  of  objects  properly  chofen  upon 
fhores  round  about  him  ; but  it  will  be  dill  better  to 
have  two  obfervers,  or  the  fame  obferver  at  different 
ffations,  to  take  the  like  angles  to  the  feveral  objects, 
and  alfo  to  the  dations.  By  this  means,  two  angles  and 
one  fide  are  given,  m every  triangle,  from,  wiience  the 
fituatlon  of  every  part  of  them  will  be  known.  By 
fuoh  obfervations,  when  carefully  made  with  good  in* 
ffruments,  the  fituation  of  places  may  be  eafily  deter- 
mined to  20  or  30  feet,  or  Icfs,  upon  everv  3 or  4 miles. 
See  Philof.  Tranf.  vol.  55,  pa.  70  ; alfo  Mackenzie’s 
IMaritime  Surveying. 

Surveying  Crr^s.  See  Cross. 

Surveying  ^adrant.  See  QyiADRANT. 

Surveying  Scnle^  the  fame  witn  Reducing  Scale. 

Surveying  IVheel.  See  Perambulator. 

SURV’^IVORSHiP,  the  doctrine  of  reverfionary 
payments  that  depend  upon  certain  contingencies,  or 
contingent  circumitances. 

Payments  which  are  not  to  be  made  till  fome  future 
period,  are  termed  rcnjerjions^  to  didinguifh  them  from 
payments  that  are  to  be  made  immediately. 

Reverfions  are  either  certain  or  contingent.  Of  the 
former  fort,  are  all  fums  or  annuities,  payable  certainly 
or  abfolutely  at  the  expiration  of  any  terms,  or  on  the 
extinClion  of  any  lives.  And  of  the  latter  fort,  are  all 
fuch  reverfions  as  depend  on  any  contingency ; and 
particularly  the  Survivorlhip  of  any  lives  beyond  or  af- 
ter other  lives..  An  account  of  the  former  may  be 
found  under  the  articles  Affurance,  Annuities,  and 
Life-annuities.  But  the  latter  form  the  mod  intricate 
and  difficult  part  of  the  dodtrine  of  reverfions  and  life- 
annuities  ; and  the  books  in  which  this  fubjedfis  treated 
mod  at  large,  and  at  the  fame  time  with  the  mod  pre- 
cifion, are  Mr.  Simpfon’s  Selecl  Exercifes  ; Dr.  Price’s 
Reverfionary  Payments;  and  Mr.  Morgan’s  Annuities 
and  Affurances  on  Lives  and  Survivordiips.  Tlie  whole 
h’kewife  of  the  3d  volume  of  Dodfon’s  Mathematical 
Repofitory  is  on  this  fubjeH  ; but  his  inveffigations  aie 
founded  on  De  Moivre’s  falfe  hypothefis,  viz  of  an  equal 
decrement  of  life  through  all  its  dages,  and  which  is 
explained  under  Life-annuities:  but  as  this  hypothefis 
does  not  agree  near  enough  to  fact  and  experience,  the 
rules  deduced  from  it  cannot  be  fiifficiently  con  ect.  For 
thisreafon,  Dr.  Price,  and  alfo  the  ingenious  Mr.  Ma- 
feres,  curfitor  baron  of  the  exchequer  (in  two  volumes 
lately  piiblifned,  entitled  the  Principles  of  tiie  Dodtrine 
of  Fife  AnnuiLies),  have  difearded  the  valuations  of 
lives  grounded  upon  it  ; and  the  former  in  particular, 
in  order  to  obviate  all  occafion  for  ufing  them,  has 
fubdituted  in  their  Ptcad,  a great  variety  of  new  tables  of 
the  probabilities  and  values  of  lives,  at  every  age  and  in 
every  fituation  ; calculated,  not  upon  any  hypothelis. 


tables,  added  to  other  new  tables  of  the  lame  kind,  in 
Mr.  Baron  Maferes’s  work  juit  mentioned,  form  a com- 
plete fet  of  tables,  by  which  all  quedions  relating  to 
annuities  on  lives^  and  Survivorlhips,  may  be  anfwered 
with  as  much  corredtnels  as  the  nature  of  the  fabjedl 
allows. 

Rules  for  calculating  corredlly,  in  mod  cafes,  th.c 
values  of  reverfions  depending  on  Survivordiips,  maybe 
found  in  the  three  treatifes  jud  mentioned.  Air,  .Mor- 
gan, in  particular,  has  gone  a good  way  towards  ex- 
hauding  thisfubjeff,  as  far  as. any  quedions  can  include 
in  them  any  Survivorlhips  between  two  or  ttiree  llve.s, 
either  fur  terms,  or  the  whole  duration  of  the  lives. 

There  is,  how’cver,  one  circumltanee  neceffary  to  be 
attended  to  in  calculating  fuch  values,  to  which  no  re- 
gard could  be  paid  till  lately.  1 his  cireumdance  is  the 
Ihorter  duration  of  the  lives  of  males  than  of  females 
and  the  couiequent  advantage  in  favour  of  females  in  all 
cafes  of  Survivoi  (hip.  In  the  4th  edition  of  Dr.  Price’s- 
Treatife  on.  Reverlionary  Payments,  this  lacf  is  not  only 
afeertained,  but  ieparate  tables  of  the  duration  and- 
vahies  ol  lives  are  given  for  males  and  females. 

SUSPENSION,  in  Mechanics,  as  in  a balance,  are 
tliofe  points  in  the  axis  or  beam  where  the  weights  are 
applied,  or  from  which  they  are  ftifpended. 

SU P PON’s  i^u'idrant.  See  Quadrant. 

SWAN,  in  Adrononuy.  See  Cygnus. 

S WALLO W’s-Tail,  in  Fortification,  is  a fingle 
Tenaille,  whicli  is  narrower  towards  the  place  than 
towards  the  country. 

S WING- in  a royal  pendulum,  is  that  wheel 
which  drives  the  pendulum.  In  a watch,  or  balances 
clock,  it  is  called  the  crovjn-^vhecL. 

SV’^DEREAL  Day,  or  7'ear.  See  Sidereal. 
SYMMETRY,  the  relation  of  parity,  both  in  re- 
fpeft  of  length,  breadth,  and  height,  of  the  parts  ne- 
ceffary to  cornpofe  a beautiful  whole. 

Symmetry  ariles  from  that  proportion  which  tlic 
Greeks  call  nn<ilogy,  which  is  the  relation  of  confor- 
mity of  all  the  parts  of  a building,  and  of  the  whole, 
to  fome  certain  meafure  ; upon  which  depends  tlie 
nature  of  Symmetry. 

According  to  Vitruvius,  Symmetry  confids  iii  the 
union  and  conformity  of,  the  feveral  members  of  a 
worn  to  their  whole,  and  of  the  beauty  of  each  of  the 
fepaiate  parts  to  that  of  the  iritire  work  ; regard  being 
had  to  fome  certain  mealurc  : fo  the  body,  for  inflance, 
is  framed,  with  Symmetry,  by  the  due  relation  which  the 
arm,  elbow,  hand,  fingers,  ckc,  have  to  each  othei\ 
and  to  their  whole. 

SYAIPHONY,  is  a confonance  or  concert  of  feveral 
founds  agreeable  to  the  car;  wlicther  they  he  vocal  or 
indrumental,  or  both  ; called  alio  harmony. 

Tlie  Symphony  of  the  Ancients  went  no  farther 
tlian  to  two  or  more  voices  or  indruments  fet  to  iinifon  ; 
for  they  had  no  fnch  tiling  as  inufic  in  parts  ; as  is  veiy 
well  proved  by  Penault  : at  lead,  if  ever  llity  knew 
fuch  a tliintr,  it  mud  have  bcim  earlv  lod. 

It  is  to  Guido  Arctine,  about  the  year  1022,  that 
mod  writers  agree  in  aferibing  the  invention  of  eompo  . 
fition  : It  vvas  he,  they  fay,  who  fird  joined  in  one.  har- 
mony feveral  ditlincf  melodies ; and  brouglit  ii  even  to 
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11ie  Icngfii  of  4 parts,  viz.  bafs,  tenor,  countertenor, 
and  treble. 

The  tertu  Symphony  is  now  applied  to  indnimental 
mufic,  both  that  of  pieces  defigned  ordy  for  in  lini- 
ments, as  fonatas  and  concertos,  and  that  in  which  the 
inftruments  are  accompanied  with  the  voice,  as  m ope- 


ras, kc. 

A piece  is  faid  to  be  in  grand  Symphony,  when,  be- 
fides  the  bafs  and  titble,  it  has  alfo  two  other  inilru- 
rnental  pans,  viz,  tenor  and  5t}iof  the  violin. 

SYNCHRONISM,  the  being  or  happening  of  fe- 


veral  things  together,  at  or  in  the  fame  time. 

The  happening  or  performing  of  feveral  things  in 
e(]nal  times,  as  the  vibrations  of  pendulums,  &c,  is 
mere  properly  called  ; though  lome  authors 

confound  tlse  two. 


SYNCOPxYTiON,  in  Mufic,  denotes  a flriking  or 
breaking  of  the  time  ; by  which  the  difindlnefs  of 
tlie  feveial  times  or  parts  of  the  meafure  is  inter- 
rupted. 

Syncopation,  or  Syn-cops,  is  more  particularly 
nfed  for  the  connecting  the  lail  note  of  one  meafure  or 
bar  with  the  firft  of  the  following  meafure;  fo  as  to 
make  only  one  note  of  both. 

Syncopation  is  alfo  ufed  when  a note  ot  one  part 
ends  on  the  middle^of  a note  of  the  other  part.  This 
is  olh.erwife  called  Undlng, 

SYNODICAL  Months  is  the  period  or  interval  of 
time  in  which  the  moon  palTes  from  one  conjundlion 
with  the  fun  to  another.  This  period  is  alfo  called  a 
Lunation^  fince  in  this  period  the  moon  puts  on  all  her 
phaies,  or  appearances,  as  to  increafe  and  decreafe. 
-—Kepler  found  the  quantity  of  the  mean  Synodical 
month  to  be  29  days,  1 2 lirs,  44  mun.  3 fee.  1 1 thirds. 

SYNTHESIS  denotes  a method  of  compofition,  as 
oppofed  to  analyns. 

* In  the  Synthefis,  or  fyntbetic  m.ethod,  we  purfue 
the  truth  by  reafons  drawn  from  principles  before  ef- 
tabliflicd,  or  alTumed,  and  propofitions  formerly  proved  ; 
tluis  proceeding  by  a regular  chain  till  w’e  come  teethe 
conclufcn  ; and  hence  called  alfo  the  dired  method, 
■and  comprjilion,  in  oppoftion  to  analyfis  or  refolu- 
tion. 

Such  is  the  method  In  EuclidN  Elements,  and  moft 
demonllrations  of  the  ancient  mathematicians,  which 
proceed  from  defnitions  and  axioms,  to  prove  theo- 
rems &c,  and  from  thofe  theorems  proved,  to  demon- 
ilrate  others.  See  Analysis. 

SYNTHETICAL  the  method  by  Synthefis, 

or  compoftion,  or  the  direbl  method.  See  Synthesis. 
SYPHON.  See  Siphon. 

SYRINGE,  in  Hydraulics,  a fraall  firaple  machine, 
ferving  fill  to  imbibe  or  fuck  in  a quantity  of  water,  or 
other  fluid,  and  then  to  fquiit  or  expel  the  fame  with 
violence  in  a fmall  jet. 

The  Syringe  is  jull  a fmall  Angle  fucking  pump, 
without  a valve,  the  water  afeending  in  it  on  the  fame 
principle.  It  confifts,  like  the  pump,  of  a fmall  cylin- 
der, y'ith  an  embolus  or  fucker,  moving  up  and  down 
sn  it  by  means  of  a handle,  and  fitting  it  very  clofe 
within.  At  the  lower  end  is  either  a fmall  hole,  or  a 
fmaller  tube  fixed  to  it  than  the  body  of  the  inftriiment, 
through  which  the  fluid  or  the  w'ater  is  drawn  up,  and 
fquirted  out  again. 


Tims,  the  embolus  being  firfl:  puflied  clofe  dowm,  In- 
troduce the  lower  end  of  the  pipe  into  the  fluid,  then 
draw  up,  by  the  handle,  the  fucker,  and  the  fluid  will 
immediately  follow,  fo  as  to  fill  the  whole  tube  of  the 
Syringe,  and  will  remain  there,  even  when  the  pipe  is 
taken  out  of  the  fluid  ; but  by  thrufting  forward  the 
embolus,  it  will  drive  the  water  before  it  ; and,  being 
partly  impeded  by  the  fmallnefs  of  the  bole,  or  pipe, 
it  will  hence  be  expelled  in  a imart  jet  orfqmrt,  and  to 
the  greater  diflance,  as  the  fucker  is  puflied  down  with 
the  greater  force,  or  the  greater  velocity. 

This  afeent  of  the  water  the  Ancients,  wdio  fiip- 
pofed  a plenum,  attributed  to  Nature’s  abhorrence  of  a 
vacuum  ; but  the  Moderns,  more  reafonably,  asw^ellas 
more  iiitelligibly,  attribute  it  to  the  preffure  of  the  at- 
mofpliere  on  the  exterior  furface  of  the  fluid.  For,  by 
drawing  up  the  embolus,  the  cavity  of  the  cylinder 
would  become  a vacuum,  or  the  air  left  there  extremely 
rarefied  ; fo  that  being  mo  longer  a counterbalance  to 
the  air  incumbent  on  the  furface  of  the  fluid,  this  pre- 
vails, and  forces  the  w^ater  through  the  little  tube,  or 
hole,  up  into  the  body  of  the  Syringe. 

system,  in  a general  Senfe,  denotes  an  aflem*. 
blage  or  chain  of  principles  and  concluhons  : or  the 
whole  of  any  dodrine,  the  feveral  parts  of  which  arc 
bound  together,  and  follow  or  depend  on  each  other. 
As  a Syllern  of  aftronomy,  a Syfiem  of  planets,  a Syf- 
tem  of  philofophy,  a Syfiem  of  motion,  &c. 

System,  in  Afironomy,  denotes  an  hypothefis  or  a 
fuppofition  of  a certain  order  and  arrangement  of  the 
feveral  parts  of  the  imiverfe  ; by  which  aftronomers  ex- 
plain all  the  phenomena  or  appearances  of  the  heavenly- 
bodies,  their  motions,  changes,  &c. 

This  Is  more  peculiarly  called  the  Syfiem  of  the 
worlds  and  fometimes  the  Solar  Syjlem, 

Syfiem  and  hypothefis  have  much  the  fame  fignifica- 
tion  ; iinlefs  perhaps  hypothefis  be  a more  particular 
Syfiem,  and  Syfiem  a more  general  hypothefis. 

Some  late  authors  Indeed  make  another  diilindion  ? 
an  hypothefis,  fay  they,  is  a mere  fuppofition  or  fidlon, 
founded  rather  on  imagination  tlian  reafon  ; while  a 
Syftera  is  built  on  the  tirmeft  ground,  and  raifed  by  the 
fevereft  rules  ; it  is  founded  on  afironoraical  obfervations, 
and  phyfical  caufes,  and  confirmed  by  geometrical  dc- 
monfirations. 

The  moft  celebrated  Syftems  of  the  world,  are  the 
Ptolomaic,  the  Copernican  or  Pythagorean,  and  the 
Tychonic  : the  economy  of  each  of  which  is  as  fol- 
lows. 

Ptolomaic  System  is  fo  called  from  the  celebrated  af- 
tronomer  Ptolorny.  In  this  Syfiem,  the  earih  is  placed 
at  reft,  in  the  centre  of  the  univerfe,  while  the  heavens 
are  confidered  as  revolving  about  it,  from  eafi  to  well, 
and  carrying  along  with  them  all  the  heavenly  bodies, 
the  fiars  and  planets,  in  the  fpace  of  24  hours. 

Tire  principal  afferters-bf  this  Syfiem,  are  Arlftotle, 
Hipparciius,  Ptolorny,  and  many  of  the  old  philofot 
phers,  followed  by  the  whole  world,  for  a great  number 
of  ages,  and  long  adhered  to  in  many  univerfities, 
and  other  places.  But  the  late  improvements  nr  phi- 
lofophy  and  reafoning,  have  utterly  exploded  tins  er- 
roneous Syfiem  from  the  place  it  fo  long  held  in  the 
minds  of  men. 

Copernican  System,  is  that  Syfiem  of  the  woild 
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wliich  places  the  Sun  at  reil,  in  the  centre  of  the  world, 
and  the  earth  and  planets  all  revolving  round  him,  in 
their  feveral  orbits.  See  this  more  particularly  explained 
under  the  article  Copern ican  S\Jlem, 

Solar  or  Planetary  System,  is  iifually  confined  to 
narrower  bounds  ; the  liars,  by  their  immenfe  diilance, 
and  the  little  relation  they  Teem  to  bear  to  us,  being  ac- 
counted no  part  of  it.  It  is  highly  probable  that  each 
fixed  liar  is  itfelf  a Sun,  and  the  centre  of  a particular 
Syftern,  furrounded  with  a company  of  planets  &c, 
which,  in  different  periods,  and  at  different  diftances, 
perform  their  courfes  round  their  refpeClive  fun,  which 
enlightens,  w'arms,  and  cherifhes  them.  Hence  we 
have  a very  magnificent  idea  of  the  world,  and  the  im- 
menfity  of  it.  Hence  alfo  arifes  a kind  of  Syllem  of 
Syltems. 

The  Planetary  Syllem,  defcribed  under  the  article 
Cope  RNicAN,  is  the  moll  ancient  in  the  world.  It  was 
firll  of  all,  as  far  as  we  know,  introduced  into  Greece 
and  Italy  by  Pythagoras  ; from  whom  it  was  called  the 
Pythagorean  Syllem.  It  was  followed  by  Philolaus, 
Plato,  Archimedes,  &c  : but  it  was  loll  under  the 
reign  of  the  Peripatetic  philofophy  ; till  happily  re- 
trieved about  the  year  f 500  by  Nic.  Copernicus. 

Tychonic  System,  was  taught  by  Tycho,  a Dane  ; 
who  was  born  An.  Doin.  1546.  It  fuppofes  that  the 
earth  is  fixed  in  the  centre  of  the  univerfe  or  firmament 
of  liars,  and  that  all  the  liars  and  planets  revolve  round 
the  earth  in  24  hours;  but  it  differs  from  the  Ptolomaic 
Syllem,  as  it  not  only  allows  a menllrual  motion  to  the 
moon  round  the  earth,  and  that  of  the  fatellites  about 
Jupiter  and  Saturn,  in  their  proper  periods,  but  it  makes 
the  fun  to  be  the  centre  of  the  orbits  of  the  primary 
planets  Mercury,  Venus,  Mars,  Jupiter,  <S:c,  in  which 
they  are  carried  rcund  the  fun  in  their  refpe6live  years, 
as  the  fun  revolves  round  the  earth  in  a folar  year  ; and 
all  thefe  planets,  together  with  the  fun,  are  fuppofed 
to  revolve  round  the  earth  in  24  hours.  This  hypothe- 
fis  w^as  fo  embarraffed  and  perplexed,  that  very  few  per- 
fons  embraced  it.  It  was  afterwards  altered  by  Longo- 
^ontanus  and  others,  who  allowed  the  diurnal  motion 
of  the  earth  on  its  own  axis,  but  denied  its  annual  mo- 
tion round  the  fun.  This  hypothelis,  partly  true  and 
partly  falfe,  Semi-Tychonic  Syjlem.  Seethe 

figure  and  economy  of  thefe  Sylleras,  in  plates  30, 

3^  32,  33- 


System,  in  Mufic,  denotes  a compound  interval ; or- 
an  Interval  compofed,  or  conceived  to  be  compofed  of 
feveral  lefs  intervals.  Such  is  the  o6lave,  &c. 

SYSTYL.E,  in  Archite6lure,  the  manner  of  pla- 
cing columns,  where  the  fpace  between  the  two  fulls 
confills  of  2 diaineters,  or  4 modules. 

SYZYGY,  a term  equally  ufed  for  the  conjunction 
-and  oppofition  of  a planet  with  the  fun. 

On  the  phenomena  and  circumllances  of  the  Syzy- 
gles,  a great  part  of  the  lunar  theory  depends.  See 
Moon.  For, 

1.  It  is  fliewn  in  the  phyfical  aflronomy,  that  the 
force  which  diminillies  the  gravity  of  the  moon  in  the 
Syzygles,  is  double  that  which  Increafes  it  in  the  qua- 
dratures ; fo  that,  in  the  Syzygles,  the  gravity  of  the 
moon  Isdlminifhed  by  a part  which  is  to  the  whole  gra- 
vity, as  I to  89*36  ; for  in  the  quadratures,  the  addi- 
tion of  gravity  is  to  the  wdiole  gravity,  as  I to 

I78-73- 

2.  In  the  Syzygles,  the  dillurbing  force  is  direClIy  as 
the  diilance  of  the  moon  from  the  earth,  and  inverfely 
as  the  cube  of  the  diilance  of  the  earth  from  the  fun. 
And  at  the  Syzygies,  the  gravity  of  the  moon  towards 
the  earth  receding  from  its  centre,  is  more  dimlnilh- 
ed  than  according  to  the  inverfe  ratio  of  the  fquare 
of  the  diilance  from  that  centre. — Hence,  in  the 
moon’s  motion  from  the  Syzygles  to  the  quadratures, 
the  gravity  of  the  moon  towards  the  earth  is  continually 
increafed,  and  the  moon  is  continually  retarded  in  her 
motion  ; but  in  the  moon’s  motion  from  the  quadra- 
tures to  the  Syzygies,  her  gravity  is  continually  dimi- 
nllhed,  and  the  motion  in  her  orbit  is  accelerated. 

3.  Farther,  in  the  Syzvgies,  the  moon’s  orbit,  or 
circuit  round  thcearth,  is  more  convex  than  in  the  qua- 
dratures ; for  which  reafon  Ihe  is  lefs  dlllant  from  the 
earth  at  the  former  than  the  latter — Alfo,  when  the 
moon  is  in  the  Syzygies,  her  apfes  go  backward,  or 
are  retrograde. — Moreover,  when  the  moon  is  in  the 
Syzygies,  the  nodes  move  in  antecedentla  fallell ; 
then  flower  and  flower,  till  they  become  at  reft 
when  the  moon  is  in  the  quadratures. — Lallly,  when 
the  nodes  are  come  to  the  Syzygies,  the  inclination  af 
the  plane  of  the  orbit  is  the  leall  of  all. 

How'ever,  thefe  feveral  irregularities  are  not  equal  in 
each  Syzygy,  being  all  fomewhat  greater  in  the  con- 
Jundlion  than  in  the  oppofition. 
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^^ABLE,  in  Architedlure,  a fmooth,  fimple  mem- 
J.  ber  or  ornament,  of  various  forms,  but  moll  com- 
monly in  that  of  a parallelogram. 

Tabi.e^  in  Perfpedive,  is  fomelimes  ufed  for  the 


perfpedtive  plane,  or  the  tranfparent  plane  upon 
which  the  objedls  are  formed  in  their  refpeclive  appear- 
ance. 

Tabled/'  Pythagoras^  is  the  fame  as  the  Multipli- 
cation 
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cation  Table;  wliich  fee;  as  alfo  Pythagoras’s 
Table. 

'ib\BLRS  of  Hoiiffs^  among  adrologers.  are  certain 
Tables,  ready  drawn  up,  for  the  affidance  of  pradli’ 

■y  loners  in  that  .art,  for  the  eredling  or  drawing  of  fi- 
gures or  fehemes.  See  PIousE. 

Tables,  in  Mathematics,  arc  fyil'ems  or  feries  of 
numbers,  calculated  to  be  ready  at  hand  for  expediting 
anv  fort  of  calculations  in  the  various  branches  of  ma- 
'thematics. 

jJIro non! leal  Tables,  are  computations  of  'the  mo- 
tions, places,  and  other  phenomena  of  the  planets,  both 
^primary  and  feco-ndary. 

Tiie'  oldeh  aftronomical  Tables,  now  extant,  are 
th.ofe  of  Ptolomy,  found  in  his  Almageft.  Thefe 
however  are  not  now  of  much  life,  as  they  no  longer 
.agree  with  the  motions  of  the  heavens. 

In  1252,  Alphonfo  Al,  king  of  Cahlle,  undertook 
the  correftiiig  of  them,  .chiefly  by  the  allillance  of  Ifaac 
Hazen,  a learned  Jew  ; and  fpent  400,000  crowns  on 
the  bufinefs.  Thus  arofe  the  Alphvnfaw  Tables,  to 
vviiich  that  prince  hlrafelf  prefixed  a preface.  But  the 
deficiency  of  thefe  alfo  was  foon  perceived  by  Puvbach 
and  Muller,  or  ibegiomontaniis  ; upon  which  the  latter, 
and  after  him  Vdalther  Warner,  applied  themfeives 
to  celeilial  obfervations,  for  farther  improving  them  ; 
'but  death,  or  various  Tifficiilties,  prevented  the  effedl  of 
thefe  good  defigns. 

Copernicus,  in  his  books  of  the  celeilial  revolutions? 
gives  other  Tables,  calculated  by  himfelf,  partly  from 
ills  own  obfervations,  and  partly  from  the  Alphonfine 
Tables. 

From  Copernicus’s  obfervations  and  theorems,  Eraf- 
mus  Reinhold  afterwards  compiled  the  Prutenic  Tables, 
which  have  been  printed  feveral  times,  and  in  feveral 
■places. 

Tycho  Brahe,  even  in  his  youth,  became  fenfible  of 
the  deficiency  of  the  Prutenic  Tables  : which  deter- 
mined him  to  apply  himfelf  with  fo  much  vigour  to 
celeilial  obfervations.  From  thefe  he  adjulled  the  mo- 
tions of  the  fun  and  moon  ; and  Lovigomontanus,  from 
the  fame  obfervations,  made  out  Tables  of  the  motions 
of  the  planets,  which  he  added  to  the  Theories  of  the 
fame,  publi filed  in  Ids  Aflroromia  Danica  ; thofe  being 
called  the  DaniJIo  TahUs,  And  Kepler  alfo,  from  the 
fame  obfervations,  publifhed  in  1627  his  Rudolphine 
Tables,  which  are  much  ellcemed. 

Thefe  were  afterwards,  viz  in  1650,  changed  into 
another  form,  by  Maria  Cunitia,  wlgofe  Aftronomical 
T'ables,  comprehending  the  efi'etl  of  Kepler’s  phyftcal 
hypothefis,  are  very  eafy,  futisfying  all  the  phenomena 
without  any  mention  of  logarithms,  and  with  little  or 
no  trouble  of  calculation.  80  that  the  Rudolphine  cal- 
culus Is  here  greatly  improved. 

Flercator  made  a like  attempt  in  his  Aftronomical  In* 
ftitiition,  publifhed  in  1676.  And  the  like  did  J.  Bap. 
Morini,  vrhofe  abridgmentof  the  Rudolphine  Tables  was 
prefixed  to  a Latin  verfion  of  Street’s  Aftronomia  Ca- 
''ffolina,  publiftredin  I7©5. 

Lanfbergius  indeed  endeavoured  to  diferedit  the  Ru- 
dolphine Tables,  and  framed  Perpetual  Tables,  as  he 
-calls  them,  of  4:he  heavenly  motions.  But  his  attempt 
was  ne-ver  much  regaixied  by  the  aftronomers ; and  our 


countryman  Horrox  warmly  attacked  him,  in  his  de* 
fence  of  the  Keplerian  aftronomy. 

Since  the  R.udolphine  Tables,  many  others  have  been 
framed,  and  publifhed  r as  the  Philnlaic  Tables  of  Bift- 
liaid  ; the  Brttannk  Tables  of  Vincent  Wing,  calculated 
on  BiTllIald'’s  hypothefis  ; the  Br'nannTc  Tables  of  Jol'a. 
Kewton  ; the  French  ones  of  the  Count  Pagan ; the 
Caroline  Tables  of  Street,  all  calculated  on  Ward’s  hy- 
pothefis ; and  \\\t , Nony(thnajefl,'ic  tables  of  Riccioli, 
Among  thefe,  however,  the  I’hilolaic  and  Caroline  Ta* 
bles  are  efteeraed  the  heft  ; infomueh  that  Mr.  Whifton, 
by  the.advice  of  Mr.  Fiamfteed,  thought  fit  to  fubjoin 
the  Caroline  Tables  to  his  ailroncmical  leifures. 

Tlie  lAidonncian  Tables,  publifiied  in  1702,  by  l)e  la 
FIire,w'ereconftru(fi;ed  wholly  from  his  own  obfervations, 
and  without  the  aiTiftance  of  any  hypothefis  ; which, 
before  the  invention  of  the  micrometer  telefcope  and 
the  pendulum  clock,  was  held  impoftible. 

Dr.  Halley  alfo  long  laboured  to  perfeA  another  fet 
of  Tables  ; which  were  printed  in  1719,  but  not  pub- 
lifned  till  i 752, 

M.  Monnier,  in  1746,  publifiied,  in  his  TitftitutioriS 
Aftrbnomiquesj  7'ables  of  the  motions  of  the  fun  and 
moon,  with  the  fatellites,  as  alfo  of  refractions,  and  the 
places  of  the  fixed  ftars.  La  litre  alfo  publifiied  Ta- 
bles of  tile  planets,  and  La  Caille  Tables  of  the  fun  : 
Gael  Morris  publifbed  Tables  of  the  fun  and  moon,  and 
Mayer  conftructed  Tables  of  the  moon,  which  werepub- 
lifiied  by  the  Board  of  Longitude.  Tables  of  the  fame 
have  alfo  been  computed  by  Charles  Mafon,  from  the 
principles  of  the  New^tonian  philofopliy,  which  are 
found  to  be  very  accurate,  and  tire  employed  in  com- 
puting the  Nautical  Ephemeris.  Many  other  rets  of 
aftronomical  Tables  have  alfo  been  publilhedby  various 
perfons  and  academies  ; and  divers  fets  of  them  maybe 
found  in  the  modern  books  of  aftronomy,  navigation, 
&c,  of  which  thofe  are  efteemed  the  beft  and  moft  com- 
plete, that  are  printed  in  Lalande’s  AftTonomy.  For  an 
account  of  feveral,  and  efpecially  of  thofe  publifiied  an- 
nually Under  the  diredlion  of  the  Commiffioners  of 
Longitude,  fee  Almanac,  Ephemeris,  and  Long** 

TUliE. 

For  Tables  of  the  Stars,  fee  Catalogue. 

Tables  of  S'mes,  Tangents,  and  Secants,  ufed  in 
trigonometry,  &c,  are  ufually  called ^CaNons.  See 
Sine. 

Tables  of  Logarithms,  Rhumbs,  tfc,  ufed  in 
geometry,  navigation,  &c,  fee  Logarithm,  and 
Rhumb. 

Tables,  Loxodromic,  and  of  Djference  of  Latitude 
and  Departure,  are  Tables  ufed  in  computing  the  Vay 
and  reckoning  of  a fiiip  on  a voyage,  and  are  publifiied 
in  moft  books  of  navigation, 

lACQ^JET  (A.ndrev/),  a Jefuit  of  zkntwerp, 
who  died  in  1660,  He  was  a moft  laborious  and  volu- 
minous writer  in  mathematicjs.  His  works  were  col- 
lected, and  printed  at  Antw^erp  in  one  large  volume  in 
folio,  1669. 

TACTION,  in  Geometry,  the  fame  as  tangency, 
or  touching.  See  Tangent. 

TALUS,  or  Talud,  in  ArchiteAure,  the  incli- 
nation or  f!  ope  of  a w^oik;  as  of  the  outfide  of  a wall, 
when  its  tliicknefs  is  diminifiied  by  degrees,  as  it  rifes 
in  height,  to  make  it  the  firmer. 


TaluSj 
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" Talus,  in  Fortification,  means  alfo  tlie  Hope  of  a 
work,  whether  of  earth  or  mafonry. 

The  Exterior  Talus  of  a work,  is  its  Hope  on  the 
fide  outwards  or  tow\ards  the  country  ; which  is  always 
■ made  as  little  as  poffiblc,  to  prevent  the  enemy's  efcalade, 
hnlefs  the  earth  be  bad,  for  then  it  is  neceffary  to  allow 
a confiderable  Talus  for  its  parapet,  and  fometimes 
to  fupport  the  earth  wdth  a flight  wall,  called  a revete- 
nient. 

The  Interior  Talus  of  a work,  is  its  flope  on  the 
infide,  towards  the  place.  This  is  larger  than  the 
former,  and  it  has,  at  the  angles  of  the  gorge,  and 
fometimes  in  the  middle  of  the  curtains,  ramps,  or 
doping  roads  for  mounting  upon  the  terreplain  of  the 
rampart. 

Superior  Talus  of  the  Parapet^  is  a flope  on  the  top 
of  the  parapet,  that  allows  of  the  foldicrs  defending 
the  covert-w^ay  with  fmall-fhot,  which  they  could  not 
do  it  it  were  level. 

TAMBOUR,  in  Architecture,  a term  applied  to 
the  Corinthian  and  Compofite  capitals,  as  bearing  fome 
re'femblance  to  a tambour  or  drum, 

TAMUZ,  in  Chronology,  the  4th  month  of  the 
Jewifh  ecclefiallical  year,  anfwering  to  part  of  our 
June  and  July.  The  17th  day  of  this  month  is  ob- 
ferved  by  the  Jews  as  a faft,  in  memory  of  the  deltruc- 
tion  of  Jerufalem  by  Nebuchadnezzar,  in  the  iith 
year  of  Zedekiah,  and  the  588th  before  Chrift. 

TANGENT,  in  Geometry,  is  a line  that  touches 
a curve,  &c,  that  is,  which  meets  it  in  a point  without 
cuttingit  there,  though  it  be  produced  both  ways  ; as 
the  Tangent  AB  of  the  circle 
BD.  The  point  B,  where  the 
Tangent  touches  the  curve,  is 
called  the  point  of  contact . 

The  direction  of  a curve  at 
the  point  of  contadl,  is  the 
fame  as  the  diredlion  of  the 
Tangent. 

It  is  demonftrated  in  Geo- 
metry ; 

1.  That  a Tangent  to  a circle,  as  AB,  is  perpendi- 
cular to  the  radius  BC  drawm  to  the  point  of  contadl;. 

2.  The  Tangent  AB  is  a mean  proportional  between 
AF  and  AE,  the  whole  fecant  and  the  external  part 
of  it  ; and  the  fame  for  any  other  fecant  drawm  from 
the  fame  point  A. 

3.  The  two  Tangents  AB  and  AD,  drawn  from  the 
fame  point  A,  are  alw^ays  equal  to  one  another.  And 
therefore  alfo,  if  a number  of  Tangents  be  drawn  to 
different  points  of  the  curve  quite  around,  and  an  equal 
length  BA  be  fet  off  upon  each  of  them  from,  the  points 
of  contad,  the  locus  of  all  the  points  A will  be  a circle 
having  the  fame  centre  C. 

4.  The  angle  of  contad  ABE,  formed  at  the  point 
ofcontad,  between  the  Tangent  AB  and  the  arc  BE, 
islefsthan  any  reClilineal  angle. 

5.  The  Tangent  of  an  arc  is  the  right  line  that  limits 
the  pofition  of  ail  the  fecants  that  can  pafs  through  the 
point  of  contad  ; though  ftridly  fpeaking  it  is  not  one 
of  the  fecants,  but  only  the  limit  of  them. 

6.  Asa  right  line  is  the  Tangent  of  a circle,  w'hen 
it  touches  the  circle  fo  clofely,  that  no  right  line  can 
be  drawn  through  the  point  of  contad  betw’cen  it  and 
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the  arc,  or  within  the  angle  of  contad  that  is  formed 
by  them  ; fo,  in  general,  when  any  right  line  touches 
an  arc  of  any  curve,  in  fuch  a manner,  that  no  right 
line  can  be  drawn  through  the  point  of  contad,  be- 
tween the  right  line  and  the  arc,  or  within  the  angle 
of  contad  that  is  formed  by  them,  then  is  that  line  the 
Tangent  of  the  curve  at  the  faid  point ; as  AB. 


7.  In  all  the  conic  fedions;  if  C be  the  centre  of 
the  figure,  and  BG  an  ordinate  drawm  from  the  point 
of  contad  and  perpendicular  to 
the  axis;  then  is  CG  : CE  ; : 

CE  : CA,  or  the  femiaxis  CE 
is  a mean  proportional  between 
CG  and  CA. 

Tang EN T,  in  Trigonometry. 

A I AN  GENT  of  an  arcy  is  a 
right  line  drawm  touching  one 
extremity  of  the  arc,  and  limit- 
ed by  a fecant  or  line  drawn 
through  the  centre  and  the  other 
extremity  of  the  arc. 

So,  AG  is  the  Tangent  of  the  arc  AB,  or  of  the  arc  ABD  ; 
and  AH  is  the  Tangent  of  the  arc  A I,  or  of  the  arc  A TDK. 

The  fame  are  alfo  the  Tangents  of  the  angles  that 
are  fubtended  or  meafured  by  the  arcs. 

Hence,  i.  The  Tangents  in  the  jft  and  3d  quadrants 
are  pofitive,  in  the  2d  and  4th  negative,  or  drawui  tlic 
contrary  way.  But  of  o or  iSo"^  the  femicircle,  the 
Tangent  is  o or  nothing  ; while  thofe  of  90°  or  a qua. 
drant,  and  270°  or  3 quadrants,  are  both  infinite  ; the 
former  infinitely  pofitive,  and  the  latter  infinitely  neo-a- 
tive.  That  is,  ^ 

Between  o and  90^,  or  bet.  i?«>®  and  270'’,  tbe  Tangents  are  pofitive. 
Bet.  90*^  and  180°,  or  bet.  270*' and  360®,  the  Tangents  are  negative.* 

2.  The  Tangent  of  an  arc  and  the  Tangent  ofitsfun- 
plement,  are  equal,  but  of  contrary  affeiftions,  the  one 
being  pofitive,  and  the  other  negative  ; 

as  of  a and  180°  — wdiere  a is  any  arc. 

Alfo  180®  -h  a 1 have  the  fame  Tangent,  and  of  the 
and  a f fame  afleftion. 


:} 

Or  1 So° -f  I have  the  fame  Tangent,  but  of 
-^3 


and  180° 


different  affedions. 

3.  The  Tangent  of  an  arc  is  a'qth  proportional  to 
the  cofine  the  fine  and  the  radius;  that  is,  CN  : NB  : : 
CA  : AG.  Hence,  a canon  of  fines  being  made  or 
given,  tlie  canon  of  Tangents  is  eafily  conftrudted  from 
them. 

Cc-Tangent,  contracEIed  from  complement-tangent, 
is  the  Tangent  of  the  complement  of  the  arc  or  angle, 
orofw'hat  it  wants  of  a quadrant  or  90®.  So  LM  is 
the  Cotangent  of  the  arc  AB,  being  the  Tangent  of 
its  complement  BL,  1 

The  Tangent  is  reciprocally  as  the  cotangent ; or  the 
4 C ' Tangent 
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Tangettt  and  cotangent  are  reciprocally  proportional  by  y,  gives 


yx 


n.'l 


DE 


a 


“ tire  fub- 


\vlththe  radius.  That  Is  Tang,  is  as  — > or  lang. 

° cotan. 

; radius  : : radius  : cotan.  And  the  reftangle  of  the 
Tangent  and  cotangent  is  eq^ual  to  the  fquare  of  the 
radius  ; that  is,  Tan.  X cot.  radius®. 

Artificial  Tangents,  or  logarithmic  Tangents, 
ar;e  the  logaiithms  of  the  tangents  of  arcs  ; lo  called, 
in  contradiftiudlion  from  the  natural  Tangents,  or  the 
Tangeni?,  expreffed  by  the  natural  numbers.  •, 

Line  c/'Tangents,  is  a line  ufually  placed  on  the 
feflor,  and  Gunter’s  fcale  ; the  defcrlption  and  ufes  of 
which  fee  under  the  article  Sector. 

^’z/Z'-Tangent,  a line  lying  beneath  the  Tangent, 
being  the  part  of  the  axis  intercep)ted  oy  the  Tangent 
snd  the  ordinate  to  the  point  of  contadh  as  the  line 


in  the  2d  and  jd  figures  above. 
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Method ^ of  Tangents,  is  a method  of  determining 
the  quantity  of  the  Tangent  and  fubtangent  of  any 
algebraic  curve  ; -the  equation  of  the  curve  being  given. 

This  method  is  one  of  tlie  great  refults  of  the  doc- 
trine of  fluxions.  It  is  of  great  ufe  in  Geometry  ; be- 
caufe  that  in  determining  the  Tangents  of  curves,  we 
determine  at  the  fame  time  the  quadrature  of  tne  eui- 
vtiincar  fpaces  i on  which-  account  it  deferves  to  be  heie 
particularly  treated  on. 

Te  Draw  the  Dangcnt'y  or  to  find  the  huhlAngent^  of  a 

curve. 

If  AE  be  any  curve,  and  E 
any  point  in  it,  to  which  it  is. 
required  to  draw  a Tangent 
TE.  Draw  the  ordinate  DE 
then  If  w'e  can  determine  the 
fubtangent  TD,  by  joining  the 
points  T and  E,  the  line  TE 
will  be  the  Tangent  fought. 

Let  dae  be  another  ordinate  indefinitely  near  to  DE? 
meeting  the  curve,  or  Tangent  produced,  in  f ; and 
let  Ez7  be  parallel  to  the  axis  AD.  Then  is  the  ele- 
mentary^ triangle  Eae  fimilar  to  the  triangle  TDE  ; 

and  therefore  - ea  aE  a:  ED  : DS  | 

PLit  : aE  ::  dux.  ED  ; dux.  AD  ; 

therefore  • » - - dux.  ED  ; dux.  AD  ii  DE  t DTj 

that  is y : X t:  y : — DT, 

which  is  therefore  the  value  of  the  fubtangent  fought ; 
where  A’istheabfcifs  AD,  and  ^'the  ordinate  DS. 

Ifcnce  w^e  have  this  general  rule:  By  means  of  the 
given  equation  of  the  curve,  dud  the  value  either  of  x 

of  -- , which  value  fubftitute  for  it  in  the  ex- 
DT  ==  — , 


ory, 


or 


i- 


melfion 


terms. 


y a — X C ii) 

tangent  TD,  or  CD  : DE  : : DE  : TD,  wdiich  is  a 
property  of  the  circle  we  nlfo  know  from  common 
geometry. 

E,x.  2.  The  equation  defining  the  common  parabola 
is  ax  “ ti  being  the  parameter,  and  x and  y the 
abfeifs  and  ordinate  in  all  cafes.  The  duxion  of  this 

X.  2y  ^ yx  2y^  _ 

IS  =:  2 yy  J hence  -r  = — j conieq,  — = — 

" y a y ^ 

™ 2 A"  = TD  ; that  is,  the  fubtangent  TD  is 
a 

double  the  abfeifs  AD,  or  TA  is  AD,  which  is  a 
well-known  property  of  the  parabola.  

Ea.  3.  The  equation  dedning  an  ellipfisis  cd.iax  — x^ 

The  duxion 


where  a and  c are  the  femiaxes. 
2. XX  — ^a^yy  ; h^nce 


— A®)  la 


■X 


(a—x) 


[a  — x) 


a — X 


-X 


TD^ 


of  it  is  c'^.zax 

y£  — 
y 

the  fubtangent;  or  by  adding  CD  which  is  = A",  itbe- 

2Z7A— ‘.r®  z3®  CA® 


comes  CT 


"f~  a 


X =: 


a — X a—x  CD 

or  CD  : CA  ; : CA  : CT,  a well-known  property  of 
the  ellipfe. 

Dx,  4.  The  equation  defining  tlie  hyperbola  Is 

c^,2ax  ~h  A®  — z7®^®j  wbicb  is  fimilar  to  that  for  the„ 
ellipfe,  having  only  -p  a®  for  — a®  ; hence  the  coa» 
clulion  Is  exactly  fimilar  alfo,  viz, 

la  -4- 


A lax  -h  AA 

A or 


z TD,  which  taken  from 
C A'^ 

, or  CD  : CA  1 


— , and,  when  reduced  to  its  fimpled 


.......  it  wall  be  the  value  of  the  fubtangent  fougnt. 

Tins  we  may  illuftrate  in  the  following  examples. 

Ex.  1.  The  equation  defining  a circlets  lax  --  aa 
^ whcie  a is  the  radius;  and'  the  duxion  of  this  is 

Z.  — ^ 

y " a- A 


a 4-  A a -Y  X 

CD  or  z/  -h  A,  gives  CT 
CA  : CT. 

And  fo  on,  for  the  Tangents  to  other  curves; 

Ehe  Jna^erfe  Method  of  Tangents.  This  is  the  re- 
verfe  of  the  foregoing,  and  confids  in  finding  the  nature 
of  the  curve  that  has  a given  fubtangent.  The  method  . 
of  folution  is  to  put  the  given  fubtangent  equal  to  the 

general  expreffion  which  ferves  for  all  forts  of ' 

curves ; then  the  equation  reduced,  and  the  duents 
taken,  will  give  the  diientlal  equation  of  the  curve 
fought. 

Ex.  I.  To  find  the  curve  line  whofe  fubtangent  Is 

~ -fZ-.,  Here  = -^-r—  ; lienee  2yy  Z2  ax,  and  the 
a ay  “ 

duents  of  this  give  j’®  = ax,  the  equation  to  a parabola,., 
which  ther-efore  is.  the  curve  fought. 

Ex.  2.  To  find  the  curve  whofe  fubtangent  is 

— ^ or  a third  proportional  to  2<3  — a and  y. 

lax  — the  duents. 


la 

Here 


' A 


2a 


■v  ax 


2.xi  ^yj  ) hence 


this  multi- 


yy  y^  \ 

EL — r=  hence 

_ j — X y 

of  which  give  = ax  — a"",  the  equation  to  a circle, 
which  therefore  is  the  curve  lought,  'JAN 
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TA.  N FALiJiTs  CiJp^  in  ^Hydraulics,  is  a cup,  as 
A,  with  a hole  in  the  bottom,  and 
the  longer  leg  of  a fyphon  BCED 
-cemented  into  the  hole  ; fo  that  the 
end  D of  the  htorter  leg  DE  n^ay 
alvva<RS  touch  the  bottom  of  the  cuo 
within.  Then,  if  water  be  poured 
into  this  cup,  it  will  rife  in  the  fliorter 
leg  by  its  upward  preffure,  extruding 
the  air  before  it  through  the  longer 
leg,  and  when  the  cup  is  filled  above 
the  bend  of  the  fyphon  at  E,  the 
ptefiure  of  the  water  in  the  cup  will 
force  it  over  the  bend;  from  whence 
it  will  defcend  in  the  longer  leg  EH, 
and  through  the  bottom  at  G,  till  the  cup  be  quite 
emptied.  The  legs  of  this  fyphon  are  alrnotl:  clofe 
together,  and  it  is  foinetimes  concealed  by  a fmall 
liollow  ilatue,  or  figure  ot  a man  placed  over  it  ; the 
bend  E being  \^!thi^  the  neck  of  the  figure  as  high  as 
the  chin.  So  that  potir  thirfiy  Tantalus  fiands  up  to 
thechin  in  water,  according  to  the  fable,  imagining  it 
will  rile  a little  higher,  as  more  water  is  poured  in,  and 
he  may  drink  ; but  inliead  of  that,  when  the  w'atcr 


comes  up  to  liis  chin,  it  immediatelv  begins  to  defcend, 
and  therefore,  as  he  cannot  fioop  to  follow  lt,>  he  is 
left  as  much  tormented  with  thudt  as  ever.  Eergufon’s 
Ledfc.  p.  72,  ^to. 

lARRANTIUS  (Lucius),  furnamed  Firmanusy 
becaufe  he  was  a native  of  Firmiim,  a town  in  Italy, 
flouriflied  at  the  fanie  time  with  Cicero,  and  was  one 
of  his  friends.  He  was  a mathematical  philofopher, 
and  therefore  was  thought  to  have  great  flcill  in  judicial 
aftrology.  He  was  particularly  famous  by  two  horo- 
fcopes  which  he  drew,  the  one  the  horofeope  of  Romu- 
lus, and  the  other  of  Rome.  Plutarch  fays,  “ Varro, 
who  was  the  moft  learned  of  the  Romans  in  hifiory, 
had  a particular  friend  named  Tarrantius,  who,  out  of 
curiolity,  applied  himfeif  to  di  aw  horofeopes,  by  means 
•of  aftronomical  tables,  and  was  efieemed  the  moll  emi- 
nent In  bis  time.”  Hifiorlans  controvert  feme  particular 
circumfiances  of  his  calculations  ; but  all  agree  In  con- 
ferring on  him  the  honorary  title  Prince  of  ajirologers.  j 

TARTAGLIA,  or  Tartalea  (Nicholas),  a 
noted  mathematician  who  was  born  at  Hrefcia  in  Italy, 
probably  towards  the  conclufion  of  the  i^thcertury,  as 
we  find  he  was  a corifiderable  mailer  or  preceptor  in 
mathematics  in  the  year  1521,  when  the  firfi  of  his 
collection'  of  queillons  and  anfwers  was  written,  whicli 
he  afterwards  publillied  In  the  year  1546,  under  the 
title  of  ^uefiU  et  Inventioni  cliverfcy  at  Venice,  where 
he  then  refided  as  a public  leCturer  on  mathematics,  he 
having  removed  to  this  place  about  the  year  JC14* 
This  work  conlifts  of  9 chapters,  containing  anfwers  to 
a number  of  queillons  on  all  the  different  branches  of 
mathematics  and  phllofophy  then  in  vogue.  The  lail 
or  9th  of  thefe,  contains  the  quelliona  In  Algebra, 

, among  which  are  thofe  celebrated  letters  and  com- 
munications between  Tartalea  and  Cardan,  by  which 
our  author  put  the  latter  in  pofieffion  of  the  rules  for 
cubic  equations,  which  he  lirll  difeovered  in'  the  year 

1530* 

but  the  firll  work  of  Tartalea’s  that  was  publllhed, 
was  his  Nova  iicimtia  inventay  in  410,  at  Venice  in 


1537.  This  is  a treatife  on  the  theory  and  practice  of 
gunnery,  and  the  firfl  of  the  kind,  he  being  the  firll 
writer  on  the  flight  and  patli  oF  balls  and  flnefls.  This 
work  was  tranllated  into  Enghlh,  by  Lucar,  and  printt  d 
at  London  in  1588,  in  folio,  with  many  notes  and 
additions  by  the  tranllator. 

Tartalea  publiflicd  at  Venice,  in  folio,  1^43,  the 
whole  books  of  Euclid,  accompanied  with  many  curious 
notes  and  commentaries. 

Lut  the  lall  and  chief  work  of  Tartalea,  was  his 
Frattato  di  Futneri  ct  M'tfurCy  in  folio,  15  •,6  and 
1^60,  This  is  an  iiniverfal  treatife  on  arithmetic,  al- 
gebra, geometry,  menfuration,  f^c.  It  contains  many 
other  curious  particulars  of  the  difputes  between  our 
author  and  Cardan,  wduch  ended  only  wuth  the  death 
of  I artalea,  before  the  lall  part  of  this  wmrk  was  pub- 
llfhed,  or  about  the  year  1558. 

bor^  many  other  circumllances  concerning  Tartalea 
and  his  writings,  fee  the  article  Algebra,  vol,  i, 
pa.  73. 

TATIUS  (Achilles),  an  ancient  Greek  writer 
of  Alexandria  ; but  the  age  he  lived  in  is  uncertain, 
/^.cco  1 di n to  Saidas,  who  calls  him  Statius,  he  was 
at  firfl  a Heathen,  then  a Chriflian,  and  afterwards  a 
blfhop.  He  wrote  a book  upon  the  Sphere,  which 
feems  to  have  been  nothing  more  than  a commentary 
upon  Aiatiis.  Part  of  it  is  extant,  and  was  tranflated 
into  Latin  by  father  Pctavius,  under  the  title  of  dj ngoges 
in  Phenomena  A rati.  He  wrote  alfo,  Of  the  Loves  rf 
Cilptaphon  and  Lewippe,  in  8 books.  He  is  well  Fpoken 
of  by  Photius. 


TAURL^S,  the  Bidly  in  A.(lronomy,  one  of  the  iz 
figns  in  the  zodiac,  and  the  fecond  111  order. 

The  Greeks  fabled  that  this  was  the  bull  wbicE 
carried  Eiiropa  fafe  acrofs  the  feas  to  Crete;  and  that 
Jupiter,  in  reward  for  fo  fignal  a fervicc,  placed  the 
creature,  whofe  form  he  had  afTiimed  on  that  occafion, 
among  the  flars,  and  that  this  is  the  conlleliation  formed 
of  it.  But  Ic  is  probable  that  the  Egyptians,  or  Baby- 
lonians, or  whoever  Invented  the  confltllations  of  the 
zodiac,  placed  this  figme  in  that  part  oF  it  wl.ich  the 
fnn  entered  about  the  time  oF  the  bringing  Forth  of 
calves  ; like  as  they  placed  the  ram  In  the  firfl  part  of 
fpring,  as  the  lambs  appear  before  them,  and  the  two 
kids  (for  that  was  the  original  figure  of  the  fio-n 
Gemini),  afterw’ard,  to  denote  the  time  of  the  goSs 
bringing  fortli  their  young. 

In  the  conflellation  Taurus  there  are  Tome  remarkable 
Ears  that  have  names;  as  Aldebaran  In  the  fouth  or 
right  eye  of  the  bull,  the  clufler  called  the  Pleiades  in 
the  neck,  and  the  clufler  called  Hyades  in  thefiice. 

The  flars  in  the  conflellation  Taurus,  In  Ptolomy’j 
catalogue  are  44,  in  Tycho’s  catalogue  43,  in  Heve- 
lius’s  catalogue  31,  and  in  the  Britannic  catalogue  141. 

TEBET,  or  Thevet,  the  4th  month  of  the  civil 
year  oF  the  Hebrews,  and  the  loih  of  their  ecclefiaflical 
year.  It  anFwcred  to  part  of  our  December  and  Janu- 
ary, and  had  only  29  days, 

'PEETH,  of  various'  forts  of  machines,  as  of  mill 
wheels,  &c.  Thefe  are  often  called  cogs  by  the  work- 
men ; and  by  working  in  the  pinions,  rounds,  dr  trun- 
dles, the  wheels  arc  made  to  turn  one  another. 

Mr.  Emerfon  (In  his  Mechanics,  prop.  25),  treats 
of  the  theory  of  Teeth,  and  fltews  that.they  ought  to 
4 ^ hav^ 
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^ave  the  figure  of  epicycloids,  for  properly  working  in 
one  another.  Camus  too  (in  his  Cours  de  Mathema- 
tiqiie,  tom.  2,  p.  349,  &c,  Edit.  1767)  treats  more 
fully  on  the  fame  lubjedl  ; and  demonllrates  that  the 
Teeth  of  the  two  wheels  fiiould  have  the  figures  of 
epicycloids,  but  that  the  generating  circles  of  thefe 
epicycloids  fiiould  have  their  diameters  only  the  half  of 
what  Mr.  Enierfon  makes  them. 

Mr.  Emerfon  obfevves,  that  the  Teeth  ought  not  to 
act  upon  one  another  before  they  arrive  at  the  line 
which  joins  their  centres.  And  though  the  inner  or 
under  fides  of  the  Teeth  may  be  of  any  form  ; yet  it  is 
better  to  make  them  both  fiJes  alike,  which  will  ferve 
to  make  the  wheels  turn  baclrwards.  Aifo  a part  may 
be  cut  away  on  the  back  of  every  Tooth,  to  nr, ike  Way 
for  thofe  of  the  other  wheel.  And  the  more  Teeth  that 
work  together,  the  better  ; at  leafl  one  Tooth  ilioiild 
til  ways  begin  before  the  other  hath  done  working.  1 he 
Teeth  ought  to  be  difpofed  in  fach  manner  as  not  to 
trouble  or  hinder  one  another,  before  they  begin  to 
work  ; and  there  fiiould  be  a convenient  length,  depth 
and  thicknefs  given  to  them,  as  well  for  ttrength,  as 
that  they  may  more  eafily  difengage  themfelves. 

TELEGRAPH,  a machine  brought  into  ufe  by 
the  Erench  nation,  in  the  year  I793»  contrived  to 
communicate  words  or  iignals  from  one  perion  to  an- 
other at  a great  diftance,  in  a very  fmali  (pace  of  time. 

Hie  Telegraph  it  feems  was  originally  the  invention 
of  William  Amontons,  an  ingenious  philofopher,  born 
in  Noi  mandy  in  the  year  1663.  See  his  life  in  this 
Dictionary,  vol.  i,  pa.  105  ; where  it  is  related  that 
he  pointed  out  a method  to  acquaint  people  at  a great 
di fiance,  and  in  a very  little  time,  with  whatever  one 
pleafed.  This  method  was  as  follows  : let  perfons  be 
placed  in  feveral  ftations,  at  fuch  diftances  from  each 
other,  that,  by  the  help  of  a telefcope,  a man  in  one 
fiation  may  fee  a fignal  made  by  the  next  before  him  : 
this  perfon  immediately  repeats  the  fame  fignal  to  the 
third  man  ; and  this  again  to  a fourth,  and  fo  on  through 
all  the  fiationsto  the  lafi. 

I'liis,  with  confiderable  improvements,  it  feems  has 
lately  been  brought  into  ufe  by  the  French,  and  called 
a Telegraph,  It  is  faid  they  have  availed  themfelves 
of  this  contrivance  to  good  purpole,  in  the  prefent  war; 
and  from  the  utility  of  the  invention,  it  has  alfo  jull 
been  brought  into  ufe  in  this  country. 

The  following  account  of  this  curious  inftrument  is 
copied  from  Barrere’s  report  in  the  fitting  of  the  Fienck 
Convention  of  Auguft  13,  1794.  — “ The  new-invented 
‘telegraphic  language  of  fignals  is  an  artful  contrivance 
to  tranfmit  thoughts,  in  a peculiar  language,  from  one 
diftance  to  another,  by  means  of  machines,  which  are 
placed  at  different  diftances,  of  from  12  to  15  miles 
from  one  another,  fo  that  the  expreffion  reaches  a very 
diftant  place  in  the  fpace  of  a few  minutes.  Laft  year 
an  experiment  of  this  invention  was  tried  in  the  prcfcnce 
of  ieveral  Commiffioners  of  the  Convention.  From  the 
favourable  report  which  the  latter  made  of  the  efficacy  of 
the  contrivance,  th,e  Committee  of  Public  Welfare  tried 
every  effort  to  eftablifh,  by  this  means,  a correfpondence 
between  Paris  and  the  frontier  places,  beginning  with 
Eifie.  Almoft  a whole  twelvemonth  hasbeenfpent  in  col- 
le6ling  the  neceffary  inftruments  for  the  machines,  and  to 
teach  the  people  employed  how  to  ufe  thent.  At  prefentj 


the  telegraphic  language  of  fignals  is  prepared  in  fueh  3 
manner,  that  a correfpondence  may  be  conduced  with 
Lifie  upon  every  fubjeH,  and  tluit  every  thing,  nay  even 
proper  names,  may  be  expreiTed  ; an  anfwer  may  be 
received,  and  the  correfpondence  thus  be  renewed  feveral 
times  a day.  The  machines  are  the  Invention  of  Citizen 
Chappe,  and  were  conftruHed  under  his  own  eye  ; he 
alfo  direfts  their  eftablifhment  at  Paris.  They  have  the 
advantage  of  refilling  the  changes  in  the  atmofphere, 
and  the  inclemencies  of  the  feaionso  Ihe  only  thing 
which  can  intennpt  their  effeef  is,  if  the  weather  is  fo 
very  bad  and  turbid  that  the  t bjefts  and  fignals  cannot 
be  diftinguiftied.  By  this  Invention,  remotenefs  and 
diftance  almoft  difappear  ; and  all  the  comipunicatlons 
of  correfpondence  are  effected  with  the  rapidity  of  the 
twinkling  of  an  eye.  The  operations  of  Government 
can  be  very  much  facilitated  by  this  contrivance,  and 
the  unitv  of  the  Republic  can  be  the  more  confolidated 
by  the  fpeedy  communication  with  all  its  parts*  ^ Tne 
greateft  advantage  which  can  be  deuved  from  this  cor- 
reipondence  is,  that,  if  onechooies,  its  objedffiiaU  omy 
be  known  to  certain  individuais,  or  to  one  individual 
alone,  or  to  the  extremities  of  any  diftance  ; fo  that 
the  Committee  of  Public  Welfare  may  now  correfpond 
with  the  Reprefentative  of  the  People  at^  Lifie  without 
any  other  perfons  getting  acquainted  with  the  obje6f 
of  the  correfpondence.  Hence  it  lollows  that,  were 
Lifie  even  befieged,  we  fiiould  know  every  thing  at 
Paris  that  might  happen  in  that  place,  and  could  fend, 
thither  the  Decrees  of  the  Convention  without  the 
enemy’s  being  abie  to  difeover  or  to  prevent  it.”  The, 
defeription  and  figure  of  the  French  machine,  as  given 
in  fome  Englifin  print&,  are  as  follow. 

Explanation  of  the  Machine  (Telegraph)  placed  on  the- 
Mountain  of  Beilville^  near  Paris,  for  the  purprfc 
of  communicating  Intclligeme. 

A A is  a beam  or  mail  of  wood,  placed  upright  on- 
a rifing  ground  (fig*  is  about  15  or 

16  feet  high.  BB  is  a beam  or  balance,  moving  upon 
the  centre  AA.  This  balance-beam  may  be  placed 
vertically,  or  horizontally,  or  any  how  inclined,  by 
means  of  ftrong  cords,  which  are  fixed  to  the  wheel 
D,  on  the  edge  of  which  is  a double  groove,  to  receive 
the  two  chords.  This  balance  is  about  11  or  I2  feet 
long,  and  9 inches  broad,  having  at  the  ends  two  pieces 
of  wood  CC,  which  like  wife  turn  upon  angles  by  means 
of  four  other  cords  that  pafs  through  the  axis  of  the 
main  balance,  othervvife  the  balance  would  derange  the 
cords  ; the  pieces  C are  each  about  3 feet  long,  and 
may  be  placed  cither  to  the  right  or  left,  ftraight  or 
fquare  with  the  balance-beam.  By  means  of  thefe  three, 
the  combination  of  movement  is  laid  to  be  very  exteii- 
five,  remarkably  firaple,  and  eaiy  to  perform.  Below 
is.  a fmall  wooden  gouge  or  hut,,  in  which  a perfon  is 
employed  to  obferve  the  movements  of  the  machine* 
In  the  mountain  nearefi  to  this,  another  perfon  is  to 
repeat  thefe  movements,  and  a,  third  to  write  them 
down.  The  time  taken  up  for  each  movement  is  20 
feconds ; of  which  the  motion  alone  Is  4 feconds,  the 
other  16.  the  machine  is  ftationary.  The  ftations  of 
this  machine  are  about  3 or  4 leagues  diftance  ; and 
there  is  aa  obfevvatury  near  the  Committee  of  Public 
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Safety  to  obferve  the  motions  of  the  lail,  which  is  at 
Bellville.  The  ligns  are  fometimes  made  in  words, 
and  fometimes  in  letters  ; when  in  words,  a fmall  flag 
is  hoifted,  and,  as  the  alphabet  may  be  changed  at 
pleafure,  it  is  only  the  correfponding  perfon  who  knows 
the  meaning  of  the  figns.  In  general,  news  are  given 
every  day,  about  ii  or  12  o’clock;  but  the  people  in 
the  wooden  gouge  obferve  from  time  to  time,  and,  as 
ft'on  as  'a  certain  fignal  is  given  and  anfwered,  they 
begin,  from  one  end  to  the  other,  to  move  the  machine. 
It  is  painted  of  a dark  brown  colour. 

Such  Is  the  account  given  of  the  French  invention. 
Various  improved  coritrlvances  have  been  flnce  made 
in  England,  and  a pamphlet  has  lately  been  pubiiftied, 
giving  an  account  of  fome  of  them,  by  the  Rev.  J. 
Gamble,  under  the  title  of,  Ohfervations  and  T d. graphic 
Experiments^  from  whence  the  following  remarks  are 
extradted. 

The  objedl  propofed  is,  to  obtain  an  intelligible 
'figurative  language,  which  may  be  dillinguiflted  at  a 
ditlance,  and  by  which  the  obvious  delay  in  the  difpatch 
of  orders  or  information  by  meflenger  maybe  avoided. 

On  firll  reflection  we  find  the  praftical  modes  of 
fach  dlilant  communication  mufl  be  confined  to  Sound 
and  Vifion.  Each  of  which  is  in  a great  degree  fubjedl 
to  the  itate  of  the  atraolphere  : as,  independent  of  the 
wind’s  direction,  it  is  known  that  the  air  is  fometimes 
fo  far  deprived  of  its  eiaftrcity,  or  whatever  other  qua- 
lity the  conveyance  of  found  depends  on,  that  the 
lieaviefl  ordnance  is  fcarce  heard  farther  than  the  fhot 
flies  ; it  isalfo  well  known,  that  in  thick  hazy  weather 
the  largeU  objeCts  become  totally,  obfcured  at  a ihort 
diftance.  No  inftrument  therefore  defigned  for  the 
purpofe  can  be  perfcCt.  We  can  only  endeavour  to 
diminifli  thefe  irremediable  defeCfs  as  much  as  may  he. 

It  feems  the  Romans  had  a method  in  their  walled 
cities,  either  by  a hollow  formed  in  the  mafoni-y,  or 
by  tubes  affixed  to  it,  fo  to  confine  and  augment  found 
as  to  convey  Information  to  any  part  they  wiflied  ; and 
in  lofty  uoufes  it  is  now  fometimes  the  cullom  to  have 
a pipe,  by  way  of  fpcaking  trumpet,  to  give  orders 
from  the  upper  apartments  to  the  low'er  : by  this  mode 
©f  confining  found  Its  volume  may  be  carried  to  a very 
great  diflance  ; but  beyond  a ceitain  extent  tlie  found, 
lofing  articulation,  would  only  convey  alarm,  not  give 
direClions. 

Every  city  among  the  antientshad  its  w'atch-towers  ; 
and  the  caftra  flativa  of  the  Romans,  had  always  fome 
fpot,  elevated  either  by  nature  or  art,  from  whence 
iignals  were  given  to  the  troops  cantoned  or  foraging 
in  the  neighbourhood.  But  I believe  they  had  not 
arrived  to  greater  refinement  than  that  on  feeing  a cer- 
tain fignal  they  were  immediately  to  repair  to  their 
appointed  ftations. 

A beacon  or  bonfire  made  of  the  firfl:  inflammable 
materials  that  offered,  as  the  mod  obvious,  is  perhaps 
the  mod  antlent  mode  of  general  alarm  ; and  by  being 
previoufly  concerted,  the  number  or  point  where  the 
fires  appeared  might  have  Its  particular  intelligence 
a&ixed.  The  fame  obfervatlons  may  be  referred  to  the 
th  rowing  up  of  rockets,  whofe  number  or  point  from 
whence  thrown  may  have  its  affixed  fignification. 

Flags  or  enfigns  v/ith  their  various  devices  are  of 
earlied  invention,  efpecially  at  fea  ; where,  from  the  ■ 
firft  idea,  which  mod  probably  was  that  of  a vaiie  to 
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fliew  the  direction  of  the  wind,  they  have  been  long 
adopted  as  the  didingiihiiing  mark  of  nations,  and  are 
novv  fo  neatly  combined  by  the  ingenuity  of  a great 
naval  commander,  that  by  his  fydem  every  requifite 
order  and  quedion  is  received  and  anfwered  by  the  mod 
didant  (hips  of  a fleet. 

To  the  adopting  this  or  a fimilarmode  In  land  fervice, 
the  following  are  objedtions  : That  In  the  latter  cafe, 
the  variety  of  matter  neceflary  to  be  conveyed,  is  fo 
infinitely  greater,  that  the  combinations  would  become 
too  complicated.  And  if  the  perfon  for  whom  the  in- 
formation is  intended  fliould  be  in  the  diredllon  of  the 
wind,  the  flag  would  then  prefent  a flraight  line  only, 
and  at  a little  diflance  be  fcarce  vlfiblc.  The  Romans 
were  fo  well  aware  of  this  inconvenience  of  flags,  that 
many  of  their  dandards  were  foiid,  and  the  name  mani- 
puhis  denotes  the  ruded  of  their  modes,  which  was  a 
trufs  of  hay  fixed  on  a pole. 

The  principle  of  water  always  keeping  its  own  level 
has  been  Inggefled,  as  a mode  of  conveying  intelligence, 
by  Mr.  Daniel  Brent,  of  Roi*nerhIthe,  and  put  in  pradfice 
on  a fmall  fccile.  As  for  example,  fiippofe  a pipe  AB 
to  reach  from  London  to  Dover,  and  to  have  a per- 
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pendicular  tul)e  connected  to  each  extremity,  as  AC 
and  BD.  Then,  if  the  pipe  be  conflantly  filled  with 
water  to  a certain  height,  as  AE,  it  will  alfo  rife  to 
its  level  in  the  oppofite  perpendicular  tube  BF  ; and  if 
one  inch  of  water  be  added  in  the  tube  AC,  it  will 
almod  indantly  produce  a fimilav  elevation  of  the  tube 
BD  ; to  that  by  correfponding  letters  being  adapted 
to  the  tubes  AC  and  BD,  at  different  heights,  intelli- 
gence might  be  conveyed.  But  the  method  Is  liable  to 
fuch  objtdlion?,  that  it  is  not  likely  it  can  ever  be 
adopted  to  facilitate  the  objedf  of  veiy  diftant  coiu- 
munication. 

Full  as  many,  if  not  greater  objedflons,  will  peiliaps  • 
operate  againfl  every  mode  of  eledfrlcity  being  ufed  as 
the  vehicle  of  information.' — And  the  requifite  magni- 
tude of  painted  or  illuminated  letters  offers  an  unfur- 
mountablc  obdacle ; befides,  in  them  one  objedt  would 
be  lod,  that  of  the  language  being  figurative. 

As  to  the  French  machine,  it  is  evident  ‘that  to 
e%^ery  angular  change  of  the  greater  beam  or  of  the 
leffer  end  arms,  a different  letter  or  figiire  may  be  an- 
nexed. But  where  the  whole  difference  confids  in  the 
variation  of  the  angle  of  the  greater  or  leffer  pieces,  much 
error  may  be  expedte  J,  from  the  inaccuracy  either  of  the 
operator  or  the  obferver  : befides  other  inconveniences 
arifiiig  from  the  great  magnitude  of  the  machinery. 

A^nother  idea  is  pcrfeilly  numerical  ; which  is  to  ' 
raife  and  deprefs  a flag  or  curtain  a certain  number  of 
times  for  each  letter,  according  to  a previoufly  concerted 
fyd  em  : as,  fuppofe  one  elevation  to  mean  A,  two 
to  mean  B,  and  fo  on  through  the  alphabet.  But  iti 
this  cafe,  the  lead  inaccuracy  in  giving  or  noting  the 
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number  cbangcs  tbe  letter  ; and  befides,  tbe  lad  letters 
of  the  alphabet  would  be  a tedious  operation. 

Another  method  that  has  been  propofed,  is  an  in- 
^'cnlous  combination  of  the  magneticai  experiment  of 
Coniiis,  and  the  telefcopic  micrometer.  But  as  this 
is  only  an  imperfe6t  idea  of  Mr,  Garnet’s  very  ingenious 
.machine,  deicribed  in  the  latter  part  of  this  artielej  110 
fartiier  notice  need  be  taken  of  it  here. 

Mr.  Gamble  then  propofes  one  on  a new  idea  of  his 
own.  The  principle  of  it  is  fimpiy  that  of  a Venetian 
blind,  or  rather  what  are  called  the  lever  boards  of  a 
• brevvhoufe,  which,  when  horizontal,  prefent  fo  fmall 
a lurface  to  the  diftant  obferver,  as  to  be  loll  to  his 
view,  bat  are  capable  of  being  in  an  inftant  converted 
into  a fereen  of  a magnitude  adapted  to  the  required 
pittance  of  vifion. — Let  AB  and  CD  (hg,  4,  pi.  28), 
two  upright  polls  lixed  in  the  ground,  arid  joined  by 
the  bi'aces  BD  and  EF,  be  confidered  as  the  frame 
work  lor  9 lever  boards  working  upon  centres  in  EB 
and  DF,  and  opening  in  three  divlfions  by  iron  rods 
'connedted  with  each  three  of  the  lever  boards.  Let 
^hed  and  efgh  be  ;two  leffer  frames  fixed  to  the  great 
one,  having  alfo  three  lever  boards  in  each,  and  moving 
by  iron  rods,  in  the  fame  manner  as  the  others.  If 
all  thefe  rods  be  broup-ht  fo  near  the  2;round  as  to  be  in 
tlic  management  of  the  operator,  he  will  then  have 
five,  ol  what  may  be  called,  keys  to  play  011.  Now 
as  each  of  the  handles  ikhn7i  commands  three  lever 
boards,  by  raifing  any  one  of  them,  and  fixing  it  in 
its  place  by  a catch  or  hook,  it  will  give  a different 
appearance  to  the  machine;  and  by  the  proper  variation 
ol  thefe  live  movements,  there  will  be  more  than  2^ 
of  what  may  be  called  mutations,  in  each  of  which  the 
xnachine  exhibits  a different  appearance,  and  to  which 
any  letter  or  figure  may  be  annexed  at  pleafure. 

Should  it  be  required  to  give  intelligence  in  more 
than  one  direction,  the  whole  machine  may  be  eafily 
rruide  to  turn  to  different  points  on  a llrong  centre, 
alter  the  manner  of  a fingle-pofi:  windmill. — To  ufe 
this  machine  by  night,  another  frame  mull  be  con- 
necled  with  the  back  part  of  the  Telegraph,  for  raifing 
five  lamps,  of  different  colours,  behind  the  openings 
of  the  lever  boards ; thefe  lamps  by  night  anfwer  for 
the  openingi  by  day. 

M.  Gamble  gives  alfo  particular  dire6fions  for  placing 
and  ufing  the  machine,  and  for  writing  down  the 
feveral  figures  or  movements, 

1 lhall  now  conclude  this  article  with  a fliort  idea 
of  Mr.  John  Garnet’s  moll  fimple  and  ingenious  con- 
trivance. This  is  merely  a bar  or  plank  turning  upon 
a centre,  like  the  fail  of  a windmill,  and  being  moved 
into  any  pofition,  the  diftant  obferver  turns  the  tube 
of  a telefcope  into  the  fame  pofition,  by  bringing  a 
fixed  wire  within  it  to  coincide  with  or  parallel  to  the 
bar,  which  is  a thing  extremely  eafy  to  do.  The  cen- 
tre of  motion  of  the  bar  has  a fmall  circle  about  it, 
with  letters  and  figures  around  the  circumference,  and 
-an  index  moving  round  with  tbe  bar,  pointing  to  any 
letter  or  mark  that  the  operator  wifties  to  fet  the  bar 
to,  or  to  communicate  to  the  obferver.  The  eye  end 
■of  the  telefcope  without  has  a like  index  and  circle, 
with  the  correfponding  letters  or  other  marks.  The 
confequence  is  obvious : the  telefcope  being  turned 
round  till  its  ware  cover  or  become  parallel  to  the  bar, 


the  index  of  the  former  neceffirily  points  out  the  fame 
letter  or  mark  in  its  circle,  as  that  of  the  latter,  and 
the  communication  of  fentirnent  is  immediate  and 
perfedl.  The  ufe  of  this  machine  is  fo  eafy,  that  I 
have  feen  it  put  into  the  hands  of  two  common  labour- 
ing men,  who  had  never  feen  it  before,  and  they  have 
immediately  held  a quick  and  diftant  converiation  to- 
getner. 

The  more  particular  defeription  and  figure  of  this 
machine,  take  as  follows.  ABDE  (fig. -5,  pi  28), 
is  the  Telegraph,  on  whofe  centre  of  gravity  C,  about 
which  it  revolves,  is  a fixed  pin,  which  g-oes  through 
a hole  or  focket  in  the  firm  upright  poll  G,  and  on 
tbe  oppofite  fide  of  which  is  fixed  an  index  Cl.  Con- 
centric  to  C,  on  the  fame  poll,  isTxed  a wooden  or 
brafs  circle,  of  6 or  8 inches  diameter,  divided  into  48 
equal  parts,  24  of  which  reprefent  the  letters  of  the 
alphabet,  and  between  the  letters,  numbers.  . So  that 
the  index,  by  means  of  the  arm  AB,  may  he  moved 
to  any  letter  or  number.  The  length  of  tbe  arm  ftiould 
be  z\  or  3 feet  for  every  mile  of  diftance.  Two  re- 
volving lamps  of  different  colours  fufpended  occafionally 
at  A and  B,^  the  ends  of  the  arm;  would  ferve  equally 
at  night. 

Let  ss  (fig.  6,  pi.  28)  reprefent.  the  fedlion  of  the 
outward  tube  of  a telefcope.  perpendicular,  to  iu  axis, 
and  XX  tbe  like  fedlion  of  the  Hiding  or  adjufling  tube, 
on  which  is  fixed  an  index  II.,  On  the  part  of  the 
outward  tube  next  to  the  obferver,  there  is  fixed  a 
circle  of  letters  and  numbers,  fimilarly  divided  and 
fituated  to  the  circle  in  figure  3 ; then  the  index  II, 
by  means  of  the  Hiding  or  adjufting  tube,  may  be 
turned  to  any  letter  or  number. — Now  there  being  a 
crofs  hair,  or  fine  filver  wire  fixed  in  the  focus  of 
the  eye  glafs,  in  the  fame  diredlion  as  the  index  II  ; 
fo  that  when  the  arm  AB  (fig.  5)  of  the  Telegraph 
is  viewed  at  a diftance  through  the  telefcope,  the  crofs 
hair  may  be  turned,  by  means  of  the  Hiding  tube,  to 
the  fame  dIreDion  of  the  arm  AB  ; then  the  Index  li 
(fig.  6)  will  point  to  the  fame  letter  or  number  on  its 
own  circle,  as  the  index  1 (fig.  5)  points  to  on  the 
Telegraphic  circle. 

If,  inltead  of  ufing  the  letters  and  numbers  to  form 
words  at  length,  they  be  ufed  as  fignals,  three  motions 
of  the  arm  wdl  give  above  a hundred  thoufand  different 
fignals. 

TELESCOPE,  an  optical  inftrument  which  ferves 
for  difeovering  and  viewing  diftant  objeTs,  either  di- 
rectly by  glaffcs,  or  by  refledion,  by  means  of  fpccula, 
or  mirrors.  Accordingly, 

Telefcopes  are  either  refradling  or  re.fieding ; tbe 
former  confifting  of  different  lenfes,  through  which  the 
objeds  are  feen  by  rays  refraded  through  them  to  the 
eye  ; and  the  latter  of  fpecula,  from  which  the  rays  are*" 
refteded  and  paffed  to  tbe  eye.  The  lens  or  glafs 
turned  towards  the  ol^cdl,  is  called  the  objed-glafs 
and  that  next  the  eye,  the  ey e- glafs  \ and  when  the 
Telefcope  confifts  of  more  than  two  lenfes,  all  but  that 
next  the  objed  are  called  eye^glajfes.. 

The  invention  of  the  Telefcope  is  one  of  tbe  nobleft 
and  moft  ufeful  thefe  ages  have  to  boaft  of : by  means 
of  it,  the  wonders  of  the  heavens  are  difeovered  to  us, 
and  aftronomy  is  brought  to  a degree  of  perfedion 
which  forrm^r  ages  could  have  no  idea  of. 
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The  difcovery  indeed  was  owin^  rather  to  cliance 
than  defign  ; fo  that  it  is  the  goad  fortune  of  the  dif- 
coTerer,  rather  than  his  lleili  or  ability,  we  are  in- 
debted to ; on  this  account  it  concerns  us  the 
lefs  to  know,  who  it  was  that  firll  hit  upon  this 
admirable  invention.  Be  that  as  it  may,  it  is  certain 
it  mud  have  been  cafual,  fmcc  the  theory  it  depends 
upon  was  not  then  known. 

Jolin  Baptifta  Porta,  a Neapolitan,  according  to 
\^'olfiiis,  hrll  made  a Telefcope,  which  he  infers  from 
this  pafTage  in  the  Magta  l-^aiuralts  of  that  author, 
printed  in  1560;  “ If  you  do  but  know  how  to  join 
“ the  two  (viz,  the  concave  and  convex  glafles)  rightly 
“ together,  you  will  fee  both  remote  and  near  objedls, 
much  larger  than  they  othervvife  appear,  and  withal 
very  diflinfl.  In  this  we  have  been  of  good  help 
“ to  many  of  our  friends,  who  either  faw  remote 
things  dimly,  or  near  ones  confufedly  ; and  have 
*■*  made  them  fee  every  thing  perfectly. 

But  it  is  certain,  that  Porta  did  not  under  Hand  his 
own  invention,  and  therefore  neither  troubled  iiimfelf 
to  bring  it  to  a greater  perfeftion,  nor  ever  applied  it 
to  celellial  obfervation.  Befides,  the  account  given  by 
Porta  of  his  concave  and  convex  lenfes,  is  fo  dark  and 
indiftincf,  that  Kepler,  who  examined  It  by  defire  of 
the  emperor  Rudolph,  declared  to  that  prince,'  that  It 
was  perfectly  unintelligible. 

Thirty  years  afterwards,  or  in  iyQO,  a Telefcope 
16  inches  long  was  made,  and  prefented  to  prince 
Maurice  of  NafTau,  by  a fpedlacle  maker  of  Middle - 
burg : but  authors  are  divided  about  his  name.  Slr- 
turus,  in  a treatife  on  the  Telefcope,  printed  in  1618, 
wu*ll  have  it  to  be  John  Lippcrflielm  and  Borelli, 
in  a volume  exprefsly  on  the  inventor  of  the  Tele- 
fcope, publllhed  in  165,,  fiiews  that  it  was  Zacharias 
Janfen,  or,  as  Wolfius^  writes  it,  Hanfen. 

Now  the  invention  of  Lipperfhelm  Is  fixed  by  fame 
in  the  year  1609,  and  by  others  in  1605  : Fontana,  in 
Ills  No’va  Ohfer^ationes  Calejl'tum  et  Tl  errejlrliim  Rernm^ 
printed  at  Naples  in  1646,  claims  the  invention  in  the 
year  1608.  But  Borelli’s  account  of  the  difcovery  of 
Telefcopes  is  fo  clrcumllantial,  and  fo  well  authenti- 
cated, as  to  render  it  very  probable  that  Janferj  was 
the  original  Inventor. 

In  1620,  James  Metius  of  Alcmaer,  brother  of 
Adrian  Metius  who  was  profefTor  of  mathematics  at 
Franeker,  came  with  Drebel  to  Middleburg,  and  there 
bought  Telefcopes  of  JanferFs  children,  who  had  made 
them  public  ; and  yet  this  i^dr.  Metius  has  given  his 
brother  the  honour  of  the  invention,  in  which  too  lie 
is  mifiakenly  followed  by  Defcartes. 

But  none  of  thtfe  artificers  made  Telefcopes  of* 
above  a foot  and  a half;  Simon  Marius  in  Germany, 
and  Galileo  In  Italy,  it  is  faid,  firfi  made  long  ones  fit 
for  celeftlal  obfervations  ; though,  from  the  recently 
dlfcovered  aftronomical  papers  of  the  celebrated  Har- 
riot, author  of  the  Algebra,  it  appears  that  he  mull 
have  made  ufe  of  Telefcopes  in  viewing  the  folar  ma- 
cuioe,  which  he  did  quite  as  early  as  they  were  obfen- 
ed  by  Galileo.  Whether  Harriot  made  his  own 
Telefcopes,  or  whether  he  had  them  from  Flollaud, 
does  not  appear  ; it  feems  however  that  Galileo’s  were 
made  by  bimfelf ; for  Le  Roffi  relates,  that  Galileo, 
being  then  at  Venice,  was  told  of  a fort  of  optic  glafs 


made  in  Holland,  which  brought  objeffs  nearer  : upoTi- 
which,  fetting  himfeif  to  think  how  it  fliould  be,  he 
ground  tw^o  pieces  of  glafs  into  form  as  well  as  he 
could,  and  fitted  them  to  the  two  ends  of  an  oroatr— 
pipe;  and  with  thefe  he  fiiewed  at  once  all  the  won- 
ders of  the  invention  to  the  Venetians,  on  the  top  of 
the  tower  of  St.  Mark.  The  fame  author  adds,  tliat 
from  this  time  Galileo  devoted  himfeif  wholly  to  the 
improving  and  perfedxiing  the  Iklefcope  ; and  that  he 
hence  alrnofl  deferved  all  the  honour  ufually  done  him, 
of  being  reputed  the  inventin'  of  the  inftrument,  and 
of  its  being  from  him  called  Galileo's  tube.  Galileo 
liimielf,  in  Ills  Nuneius  Siaereus,  publllhed  in  1610, 
acknowledges  that  he  firft  heard  of  the  initrunient  from 
a German  ; and  that,  being  merely  informed  of  its 
efledls,  firll  by  common  report,  and  a few  days  after 
by  letter  from  a French  gentleman,  James  Badovere, 
at  Pans,  he  himfeif  difeoveted  the  conilruftion  by  con- 
fidering  the  nature  of  refradion.  He  adds  iu  his  Sag- 
giatore^  that  he  ivas  at  Venice  when  he  heard  of  the 
eflecls  of  prince  ivlaurice’s  iullrument,  but  nothing 
or  its  conitriicition  ; that  the  firll  night  after  his  retuns 
to  Padua,  he  folved  the  problem,  and  made  his  iiiflru- 
ment  the  next  day,  and  foon  after  prefented  it  to  the 
I)oge  of  Venice,  who,  in  honour  of  liis  grand  inveri- 
tion,  gave  him  the  ducal  letters,  which  fettled  him  lor* 
life  in  his  ledurefiilp,  at  Padua,  and  doubled  hisfalary, 
which  then  became  treble  of  what  any  of  his  prede- 
cefiTors  liad  enjoyed  before.  And  thus  Galileo  may  be 
confidered  ?s  an  inventor  of  the  Telefcope,  though 
not  the  fiiR  inventor. 

F.  Mablllon  indeed  relates,  in  his  travels  through 
Italy,  that  in  a monaltery  of  his  own  order,  he  fa\v  a 
manufeript  copy  of  the  works  of  Commellor,  written 
by  one  Conradus,  who  lived  in  the  13th  century  ; in 
the  3d  page  of  which  was  fetn  a portrait  of  Ptoiomv, 
viewing  the  liars  through  a tube  of  4 joints  or  draws  ; 
but  that  father  does  not  fay  that  the  tube  liad  glalies 
in  it.  Indeed  it  is  more  than  probable,  that  fiicli  tubes 
were  then  tiled  for  no  other  purpofe  but  to  defend 
and  dlredl  the  fight,  or  to  render  it  more  diilinvii,  by 
fingling  out  the  particular  objedl  looked  at,  and  fliutting 
out  all  the  foreign  rays  reflecled  from  others,  v.hofe 
proximity  might  have  rendered  the.  Image  lefs  preeife. 
And  this  conjedlure  is  verified  by  ex.perience  ; for  we 
have  often  obierved  that  without  a tube,  by  only  look- 
ing through  the  hand,  or  even  the  fingers,  or  a pin- 
hole in  a paper,  the  objcdls  appear  more  clear  and 
difiliiH  than  otherwife. 

Be  this  as  it  may,  it  is  certain  that  the  optical  prin- 
ciples, upon  which  Telefcopes  are  founded,  arc  con- 
tained in  Euclid,  and  were  well  known  to  the  ancient 
geometricians  ; and  it  has  been  for  want  of  attention  to 
tiicm,  that  the  world  was  fo  long  without  tliat  ad- 
mirable invention  ; as  doubtlefs  there  are  many  others 
lying  hid  in  the  lame  j)rinciples,  only  wailing  for  re-  ■ 
ficdlon  or  accident  to  bring  them  fortli.- 

To  the  foregoing  abllradl  of  the.hillory  of  the  inven- 
tion of  the  Telelcope,  it  may  be  proper  to  add  lomc 
particulars  relating  to  the  claims  of  our  own  celebrated 
countryman,  friar  Bacon,  who  died  in  1294.  Mr. 
W.  Molyneux,  iu  his  Dioptrica  Nova,  pa.  276,  de- 
clares'his  opinion,  that  Bacon  did  perfectly  well  iinder- 
fland  all  forts  of  optic  glafifes,  and  kiicw  likevvife  the 
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way  of  combining  them,  fo  as  ro  compofe  fome  fuch 
inflriiment  as  our  Teleicooe  : and  his  fon,  Samuel 

i ' ^ 

Molyneux,  afferts  more  pohtively,  that  the  invention 
of  Teiefcopes,  in  its  hrft  original,  was  certainly  put  in 
practice  by  an  Engliftiman,  iriar  Bacon  ; although  its 
firft  application  to  aftronomical  pnrpofes  may  probably 
' be  afcribed  to  Galileo.  The  paffages  to  which  Mr. 
Molyneux  refers,  in  fupport  of  Bacon’s  claims,  occur 
in  his  Opus  Majus,  pa.  348  and  357  of  Jebb’s  edit. 
1773.  The  fird  is  as  folio ia’S  : «S'i  vero  non Ji?it  corpora 
plana ^ per  qiae  vifus~^idel^  fed  fphreria,  tunc  ejl  magna 
divcifhas  ; narn  Tel  cnnraviias  corporis  ejl  verfus  ociilum 
Tel  convexltas : whence  it  is  inferred,  that  he  knew 
what  a concave  and  a convex  glafs  was.  The  fecond 
is  compriled  in  a whole  chapfer,  where  he  fays,  De 
Tijione  frada  majora  fiint  ; narn  de  facHi  patet  per  cano- 
tifs  fapra  ditlos,  quod  maxima  pojfunt  apparere  minima^  et 
e contra,,  et  longe  dlfanila  videbuntur  propinquffime , et  e 
con-verfo.  JS'am  poflumus  fic  figur are  per f plena,,  et  taliter 
en  ordinare  refpecln  nojlri  n)ifus  et  rerum,,  quod frangenlur 
radii,  et  jiecteniur  quorfumeunque  Toluerhnui , ut  fuh  qiio^ 
cunque  angvlo  Toluenrnus,  Tidehimus  rem  prope  vel  longe, 
iffc."  Sic  etlam  facer  emus  folem  et  tunam  et  Jtellas  defeen- 
' dere  feenndum  apparentlam  hlc  Infer  his,  iffc  : that  is, 
Greater  things  than  thefe  may  be  performed  by  re- 
fratbed  vifion  ; for  it  is  eafy  to  underftand  by  the 
canons  above  mentioned,  that  the  greateil  things  may 
appear  exceeding  fmall,  and  the  contrary  ; alfo  that  the 
moli  remote  objefts  may  appear  juft  at  hand,  and  the 
converfe  ; for  we  can  give  fuch  figures  to  iranfparent 
bodies,  and  difpofe  them  in  fuch  order  with  refpeft  to 
the  eye  and  the  objefts,  that  the  rays  ftiali  be  refradted 
and  bent  towards  any  place  we  plcafe ; fo  that  we 
fhall  fee  the  objebf  near  at  hand  or  at  a diftance,  under 
any  angle  we  pleafe,  &c.  So  that  thus  the  fun,  moon, 
and  liars  may  be  made  to  defeend  hither  in  appearance, 
See.  Mr.  Molyneux  has  alfo  cited  another  palfage  out 
of  Bacon’s  Epiftle  ad  Parifienfem,  of  the  Secrets  of 
Art  and  Nature,  cap.  5,  to  this  purpofe,  Pojfunt 
etlam  fic  fgurari  perfpicua,  ut  longijfime  pofita  appareant 
proplnqua,  et  e contrarlo  ; ita  quod  ex  Incredihllt  dfian- 
iln  legeremus  literas  mlnuiijfvmas,  et  numeraremus  res  quan- 
tumquo  parvas,  et  fellas  faceremus  apparere  quo  melle- 
rnus  : that  is,  Glafies,  or  diaphanous  bodies  may  be  fo 
formed,  that  the  moll  remote  objedls  may  appear  juft 
at  hand,  and  the  contrary  ; fo  that  we  may  read  the 
fmalleft  letters  at  an  incredible  diftance,  and  may  num- 
ber things  though  never  fo  fmall,  and  may  make  the 
Ears  appear  as  near  as  we  pleafe. 

Moreover,  Doblor  Jebb,  in  the  dedication  of  his 
edition  of  the  Opus  Majus,  produces  a palfage  from  a 
manufeript,  to  Ihew  that  Bacon  adually  applied  Tele- 
fcopes  to  aftronomical  pnrpofes  : Sed  longe  magls  quam 
h<£c,  fays  he,  oporterel  homines  haberi,  qtii  bene,  immo 
optime,  feirent  perfpeSltvam  et  infrumenta  ejus'—quia  In- 
ftrumenta  afronomia  non  vadunt  nlft  per  ’vlfionem  fecundum 
leges  Ifilus  feientrrs. 

From  thefe  paffages,  it  is  not  iinreafonable  to  con- 
clude, that  Bacon  had  a61ually  combined  glalTes  fo  as  to 
have  produced  the  effe61s  which  he  mentions,  though 
he  did  not  complete  the  conftrueftion  of  Telefcopes. 
Dr,  Smith,  however,  to  whofc  judgment  particular  de- 
ference is  due,  is  of  opinion  that  the  celebrated  friar 
wrote  hypothetically,  without  having  made  any  a<Buai 


trial  of  the  things  he  mentions  : to  which  purpofe  he 
obferves,  that  this  author  does  not  aftert  one  fingle 
trial  or  obfervation  upon  the  fun  or  moon,  or  any  thing 
elfe,  though  he  mentions  them  both  : on  the  other 
hand,  he  imagines  fome  effedls  of  Telefcopes  that  can- 
not pofiibly  be  perfoimed  by  them.  He  adds,  that 
perfons  unexperienced  in  looking  through  Telefcopes 
expedl,  in  viewing  any  objeeft,  as  for  inftance  the  face 
of  a man,  at  the  diftance  of  one  hundred  yards,  through 
a Telefcope  that  magnifies  one  hundred  times,  that  it 
will  appear  much  larger  than  when  they  are  clofe  to 
it : this  he  is  fatisfied  was  Bacon’s  notion  of  the  mat- 
ter ; and  hence  he  concludes  that  he  had  never  looked 
through  a Telefcope. 

It  is  remarkable  that  there  is  a palfage  in  Thomas 
Digges’s  Stratioticos,  pa.  359,  where  he  affirms  that 
his  father,  Leonard  Digges,  among  other  curious  prac- 
tices, had  a method  of  difcoveiing,  by  perfpeblive 
glalTes  fet  at  due  angles,  all  obje'dls  pretty  far  dillant 
that  the  fun  (hone  upon,  which  lay  in  the  country 
round  about ; and  that  this  was  by  the  help  of  a manu- 
feript book  of  Roger  Bacon  of  Oxford,  who  he  con- 
ceived was  the  only  man  befideshis  father  ((ince  Archi- 
medes) who  knew  it.  This  is  the  more  remarkable, 
becaufe  the  Stratioticos  was  firft  printed  in  1579,  more 
than  30  years  before  Metius  or  Galileo  made  their  dif- 
covery  of  thofe  glalTes  ; and  therefore  it  has  hence  been 
thought  that  Roger  Bacon  was  the  firft  inventor  of 
Telefcopes,  and  Leonard  Digges  the  next  reviver  of 
them,  But  from  what  Thomas  Digges  fays  of  this 
matter,  it  would  Teem  that  the  inftrument  of  Bacon, 
and  of  his  father,  was  fomething  of  the  nature  of  a 
camera  obfeura,  or,  if  it  were  a Telefcope,  that  it 
was  of  the  reflecting  kind  ; although  the  ttrm  perfpec- 
tlve  glafs  feems  to  favour  a contrary  opinion. 

There  is  alfo  another  palfage  to  the  fame  effeCt  in  the 
preface  to  the  Pantometria  of  Leonard  Digges,  but 
publllhed  by  his  fon  Thomas  Digges,  fome  time  before 
the  Stratioticx)s,  and  a fecond  time  in  the  year  1591. 
The  palfage  runs  thus ; My  father  by  his  continuall 
painfull  praSIlfes,  afffed  nulth  demoif  rations  mathema^ 
tlcal,  was  able,  and  findrie  times  hath  by  Propor- 
tional Glaffes  duely  fituate  in  convenient  angles,  not  only 
difeovered  things  firre  of,  read  letters,  numbered  pceces 
of  money  with  the  very  coyne  and  fuperfcrlption  thereof, 
cefi  by  fome  of  his  freends  of  purpofe  upon  downes  in 
open  felds,  but  alfo  feven  myles  of  declared  what  hath 
beene  doom  at  that  infant  in  private  places  : He  hath  alfo 
fundrie  times  by  the  funne  beames  fxed  {^IdiOvAdhtfred) 
powder,  and  dtfehargde  ordinance  halfe  a mile  and  more 
dlfante,  &c. 

But  to  whomfoever  we  aferibe  the  honour  ^of  firft 
inventing  the  Telefcope,  the  rationale  of  this  admi- 
rable inftrument,  depending  on  the  refraCtion  of  light 
in  pafling  through  mediums  of  different  forms,  was  firft 
explained  by  the  celebrated  Kepler,  who  alfo  pointed 
out  methods  of  conftruCling  others,  of fuperior  powers, 
and  more  commodious  application,  than  that  firft  ufed  ; 
though  fomething  of  the  fame  kind,  it  is  faid,  was 
alfo  done  by  Maurolycus,  whofe  treatife  De  Lumrne 
et  Umbra  was  pnbli (lied  in  1575. 

fhe  Principal  EffeSls  of  Telescopes,  depend  upon 
this  plain  maxim,  viz,  that  objeCfs  appear  larger  in 
proportion  to  the  angles  which  they  fubtend  at  the 

eye  ; 
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^ye  i and  the  cffedl  Is  the  fame,  whether  the  pencils  of 
rays,  by  which  objeds  are  vilible  to  us,  come  diredly 
from  the  objeds  themfclves,  or  from  anv  place  nearer 
to  the  e]  c,  vvheie  they  may  have  been  united,  fo  as  to 
form  an  image  pf  the  objed  ; becaiife  they  iffue  again 
from  thole  points  in  certain  diredions,  in  the  fame 
manner  as  they  did  from  the  correfponding  points  m the 
objeds  themfclves.  In  fad  therefore,  all  that  is  efrbdcd 
bv  a Tcleicope,  is  firlt  to  make  fuch  an  image  of  a 
diilant  objed,  by  means  of  a lens  or  mirror,  and  then 
to  give  the  eye  feme  affilhnce  for  viewing  that  image  as 
near  as  pofTible  ; fo  that  the  angle,  which  it  IhalMub- 
tend  at  the  eye,  may  be  very  large,  compared  with  the 
angle  which  the  object  itfelf  would  fubtend  in  the  fame 
fituation.  This  is  done  by  means  of  an  eye-glafs,  which 
fo  refrads  the  pencils  of  rays,  as  that  they  may  after* 
wards  be  brought  to  their  feveral  foci,  by  the  natural 
hummurs  of  the  eye.  But  if  the  eye  had  been  fo 
formed  as  to  be  able  to  fee  the  image,  with  fnflicient 
didindnefs,  at  the  fame  diftance,  without  an  eye-glafs, 
it  would  appear  to  him  as  much  magnified,  as  it  does 
to  another  perfon  who  makes  ufe  of  a glals  for  that 
purpofe,  though  he  would  not  in  all  cafes  liave  fo  larcre 
a field  of  view.  ^ 

Although  no  image  be  adually  formed  by  the  foci 
of  the  pencil  without  the  eye,  yet  if,  by  the  help  of 
an  eye-glafs,  the  pencils  of  rays  fhall  enter  the  pupil, 
juft  as  they  would  have  done  from  any  place  without  the 
eye,  the  vifual  angle  will  be  the  fame  as  if  an  image 
had  been  adually  formed  in  that  place.  Prieftlev’s 
Hiftory  of  Light  &c,  pa.  69,  8cc. 

As  to  the  Grinding  oj  Telefcopic  Ghp^es^  the  firfl  per- 
fo*3  who  didinguiihcd  themfclves  in  that  way,  were 
two  Italians,  Euflachio  Divini  at  Rytme,  and  Campani 
at  Bplogna,  whofe  fame  was  much  fuperior  to  that  of 
Divini,  or  that  of  any  other  perfon  of  his  time  ; though 
Divini  himfelf  pretended,  that  in  all  the  trials  that 
were  made  with  their  glaffes,  his  of  a great  focal  dif- 
tance  performed  better  than  thofe  of  Campani,  and 
that  his  rival  was  not  willing  to  tiy  them  fairly,  viz, 
with  equal  eye. glaffes.  It  is  however  generally  fiippofed, 
that  Campani  really  excelled  Divini,^  both  in  the  good- 
nefs  and  the  focal  length  of  his  objed-glaffes. 

It  was  with  Campani’s  Telefcopes  that  CafTini  dif- 
covered  the  neared  fatellites  of  Saturn.  They  were  made 
at  the  exprefs  defire  of  I.ewis  XIV,  and  were  of 
86,  too,  and  136,  Paris  feet  focal  length. 

Campani’s  laboratory  was  purchafed,  after  his  death, 
by  pope  Benedidt  XIV,  who  made  a prefent  of  it  10 
the  academy  at  Bologna  called  the  Inflitute  ; and  by 
the  account  which  Fougeroux  has  given,  we  learn  that 
(except  a machine  which  Campani  conftruded,  to  work 
the  bafons  on  which  he  ground  his  glaffes)  the  good- 
■nefs  of  his  lenfes  depended  upon  the  clearnefs  of  his 
glafs,  his  Venetian  tripoli,  the  paper  with  which  he 
polifhed  his  glaffes,  and  his  great  fleill  and  addrefs  as  a 
workman.  It  does  not  appear  that  he  made  many 
lenfes  of  a very  great  focal  diftance.  Accordingly  Dr. 
Hook,  who  probably  fpeaks  with  the  partiality  of  an 
Fnglifliman,  fays  that  fome  glaffes,  made  by  Divini  and 
Campani,  of  36  and  50  feet  focal  diftance,  did  not  excel 
Telefcopes  of  12  or  15  feet  made  in  England.  He  adds, 
that  Sir  Paul  Neilli  made  Telefcopes  of  36  feet,  pretty 

good ; and  one  of  50,  but  not  of  proportionable  goodnefs, 
VoL,  II, 


Afterwards,  Mr.  Reive  firft,  and  then  Mr.  Cox,  who 
s were  the  moft  celebrated  in  England,  as  grinders  of 
optic  glaffes,  made  fome  good  I'elefcopes  of  50  and 
60  feet  focal  diftance  ; and  Mr.  Cox  ma  le  one  of  loo, 
but  how  good  Dr.  Hook  could  iiot.afTert.  Borelliallo 
in  Italy, ^ made  objedt-glaffcs  of  a great  foc'al  lengtli, 
one  of  which  heprefented  to  the  Royal  Society.  But, 
with  refpea  to  the  focal  length  of  Telefcopes,  thefe 
and  all  others  were  far  exceeded  by  thofe  of  Auzoiit, 
who  made  one  obj eft -glafs  of  600  feet  focus  ; but 
he  was  never  able  to  manage  it,  fo  as  to  make  any  ufe 
of  It.  And  Hartfoeker,  it  isfaid,  made  fome  of  a ftill 
greater  focal  length.  Philof.  Tianf.  Abr.  vol.  i,  p 193. 
Hook’s  Exper.  by  Derham,  p.  261,  Prieftley  as 
above,  p.  2ri.  See  Grinding. 

Telefcopes  are  of  feveral  kinds,  diftingniflied  by  the 
number  and  form  of  their  lenfes,  or  glaffes,  and  deno- 
minated from  their  particular  ufes  &c  ; fuch  are  the 
terrejlrial  or  laud  Telefcope,  the  celejlial  or  njlronomtcal 
delejcope  ; to  which  may  be  added,  the  Galilean  or 
Diitco  T.  ehfeope,  the  refleBing  Telefcope,  the  reJraHin*^ 
Telefcupe,  the  aerial  Telefcope,  achromatic  Telefcope,  Cfc» 

Galileo  s,  or  the  JJnteh  Telefcope,  is  one  con- 

fifting  of  a convex  objeft-glafs,  and  a concave  eye- 
glafs. 

^ This  is  the  moft  ancient  form  of  any,  being  the  only- 
kind  made  by  the  inventors,  Galileo,  &c.  or  known, 
before  Huygens.  The  firft  Telefcope,  conftrufted  by 
Galileo,  magnified  only  3 times  ; but  he  foon  made 
another,  which  magnified  18  times:  and  afterwards, 
with  great  trouble  and  expence,  he  conftrufted  one  that 
magnified  33  times ; with  which  he  difeovered  the 
fatellites  of  Jupiter,  and  the  fpots  of  the  fun.  The 
conftruftion,  properties.  &c,  of  it,  are  as  follow  ; 

Conflruction  of  Galileans,  or  the  Dutch  Tele  scope. 
In  a tube  prepared  for  the  purpofe,  at  one  end  is  fitted 
a convex  objeft  lens,  either  a plain  convex,  or  convex 
on  both  fidcs,  but  a fegment  of  a very  large  fpliere  1 
at  the  other  end  is  fitted  an  eye-glafs,  concave  on  both 
fides,  and  the  fegment  of  a lets  fphere,  fo  difpofed  a» 
to  be  at  the  diftance  of  the  virtual  focus  hef'ore  the 
image  of  the  convex  lens. 

Let  AB  (fig.  10,  pi.  23)  be  a diftant  objeft,  from 
every  point  of  which  pencils  of  rays  iftiie,  and  fallimr 
upon  the  convex  glafs  DE,  tend  to  their  foci  at  FSg! 
But  a concave  lens  HI  (the  focus  of  which  is  at  FG) 
being  interpofed,  the  converging  rays  of  each  pencil 
are  made  parallel  when  they  reach  the  pupil ; fo  that 
by  the  refractive  humours  of  the  eye,  they  can  eafily  be 
brought  to  a focus  on  the  retina  PRQ_.  Alfo  the 
pencils  themfclves  diverging,  as  if  they  came  from  X, 
MXO  is  the  angle  under  which  the  image  will  appear, 
which  is  much  larger  than  the  angle  under  which  the 
objeft  itfelf  would  have  appeared.  Such  then  is  the 
Telefcope  that  was  at  firft  difeovered  and  ufed  by  phi- 
lofophers  : the  great  inconvenience  of  which  is,  that 
the  field  of  view,  which  depends^  not  on  the  breadth 
of  the  eye-glafs,  as  in  the  altror/omical  Telefcope,  but 
upon  the  breadth  of  the  pupil  of  the  eye,  is  exceeding- 
ly fmall . for  fince  the  pencils  of  the  rays  entet*  the 
eye  very  much  diverging  from  one  another,  but  few  of 
them  can  he  intercepted  by  the  pupil ; and  this  incon- 
venience increafes  with  the  magnifying  power  of  the 
1 elefcopc,  fo  that  philofophers  may  now  well  wonder 
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at  tlie  patience  and  addrefs  with  which  Galileo  and 
others,  with  fiich  an  inftrument,  made  the  difcoverles 
they  did.  And  yet  no  other  Telefcope  was  thought 
of  for  many  years  after  the  difcovery.  Defcaites, 
who  wrote  30  years  after,  mentions  no  other  as 
actually  conftruaed,  though  Kepler  iiad  fuggeRed  Come. 

Hence, 

1.  In  an  inflrument  thus  framed,  all  people,  except 
myopes,  or  fliort- lighted  perions,  mull  fee  objedls 
dillinaiy  in  an  eredt  fituation,  and  increafed  in  the 
ratio  of  the  dittance  of  the  virtual  focus  of  the  eye- 
glafs,  to  the  dlllance  of  the  focus  of  the  objcdl  glafs. 

2.  But  for  myopes  to  iee  objedts  aillindtiy  througii 
fucli  an  uillrument,  the  eye-glafs  mufl  be  fet  neaiei  the 
objed- glafs,  ,fo  that  the  rays  of  each  pencil  may  not 
emerge  parallel,  but  may  fail  diverging  upon  the  e^e  ; 
in  which  cafe  the  apparent  magnitude  will  be  altered  a 

little,  though  Icarce  feniibly. 

3.  Since  tlie  focus  of  a plano-convex  objed  lens, 
and  the  vertical  focus  of  a plano-concave  eye-lens,  are 
at  the  dillance  of  tl.e  diameter ; and  the  focus  of  an 
objed- glafs  convex  on  both  fides,  and  the  vertical  focus 
of  an  eye-glafs  concave  on  both  fides,  are  at  the  dif- 
tance  of  a ^femidiametcr  ; if  the  objed-glafs  be  plano- 
convex, and  the  eye-glafs  plano-concave,  Sie  Telefppe 
will  increafe  the  diameter  of  the  objed,  in  the  ratio  of 
the  diameter  of  the  concavity  to  that  of  the  convexity  t. 
if  the  objed-glafs  be  convex  on  both  fides,  ano  the 
gyg-gl'ifs  concave  on  both  fides,  it  will  magnify  in  the 
ratio  of  the  femidiameter  of  the  concavity  to  that  of 
the  convexity''!  if  the  objed-glafs  be  plano-convex, 
and  the  eye-glafs  concave  on  both  Tides,  the  femidiame- 
ter  of  the  obied  will  be  increafed  in  the  ratio  of  the 
diameter  of  the  convexity  to  the  femidiameter  of  the 
concavity  : and  lailly,  if  the  objed-glafs  be  convex  on 
both  Tides,  and  the  eye-glafs  plano-concave,  the  increafe 
will  be  in  the  ratio  of  the  diameter  of  the  concavity 
to  the  femidiameter  of  the  convpity. 

4.  Since  the  ratio  of  the  femidiameters  is  the  fame 
3S  that  of  the  diameters,  Telefcopes  magnify  the  objed 
in  the  fame  manner,  whether  the  objed-glafs  be  plano- 
convex, and  the  eye-glafs  plano-concave  ; or  whether 
the  one  be  convex  on  both  fides,  aiiQ  the  otuei  concave 
on  both., 

5.  Since  the  femidiameter  of  the  concavity  has  a 
lefs  ratio  to  the  diameter  of  the  convexity  than  its  dia- 
meter has,  a d^eieicope  magnifies  more  if  the  objed- 
glafs  be  plano-convex,,  than- if  it  be  convex  on  both 
fides.  The  cafe  is  the  fame  if  the  eye-giafs  be  concave 
on  both  fides,  and  not  plano-concave. 

6.  The  greater  the  diameter  of  the  objed-glafs,  and 
the  lefs  that  of  the  eye-glafs,  the  lefs  ratio  has  the 
diameter  of  the  objed,  viewed  with  the  nalctd  eye, 
to  its  femidiameter  when  viewed  with  a Telefcope, 
and  confecjuently  the  more  is  the  objed  magnified,, 
by  it. 

7.  Since  a Telefcope  exhibits  fo  much  a lefs  part 
of  the  objed,  as  itincreafes  its  diameter  more,  for  this 
reafen,  mathematicians  were  determined  to  look  out 
for  another  Telefcope,  after  having  clearly  found  the 
imperfedion  of  the  firft,  which  was  difeovered  by 
chance.  Nor  were  their  endeavours  vain,  as  ap- 
pears from  the  aflronomical  Telefcope  deferibed  below. 

If  the  femidiameter  of  the  eye-glafs  have  too  Imall 


a ratio  to  that  of  the  objed-glafs,  an  objed  through 
the  Telefcope  will  not  appear  fufficiently  clear,  be- 
caiife  the  great  divergency  of  the  rays  will  occafion 
the  feveral  pencils  reprefenting  the  feveral  points  of 
the  objed  on  the  retina,  to  confifl  of  too  few  rays. 

It  is  alfo  found  that  equal  objed-lenfes  will  not  bear  . 
the  fame  eyc-lenfes,  if  they  be  differently  tranfparent, 
or  if  there  be  a difference  in  their  polifii  ; a lefs  tranf- 
parent  objed-glafs,  or  one  lefs  accurately  ground,  re- 
quiring a more  fphericai  eye-glafs  than  another  more 
tranfparent,  &c. 

Plevellus  recommends  an  objed-glafs  convex  on  both 
fides,  whofe  diameter  is  4 feet  ; and  an  eye-glafs  con- 
cave on  both  fides,  whofe  diameter  is  4I  tenths  of  a. 
foot.  An  objed-glafs,  equally  convex  on  both  Tides, 
whofe  diameter  is  5 feet,  he  obferves,  will  require 
an  eye-glafs  of  r^l  tenths;  and  adds,  that  the  fame 
eye-glafs  will  alfo  ferve  an  objecl-glafs  of  8 or  10 
feet . 

" Hence,  as  the  difance  between  the  objed-glafs  and 
eye-glafs  is  the  difference  between  the  diftance  of  the 
vertical  focus  of  the  eye-glafs,.  and  the  dillance  of  the 
'focus  of  the  objed  gials  ; the  length  of  the  telefcope 
is  had  by  fubtrading  that  from  tfiis.  That  is,  the- 
length  of  the  Telefcope  is  the  difference  between  the 
diameters  of  the  objecl-glafs  and  eye-glafs,  if  the  for- 
mer be  plano-convex,  and  the  latter  plano-concave;., 
or  the  difference  between  the  femidiameters  of  the 
objedl-glafs  and  eye-glafs,  if  the  former  be  convex 
on  both  fides,  and  the  latter  concave  on  both  ; or 
the  difference  between  the  femidiameter  of  the  ob- 
jed-glafs and  the  diameter  of  the  eye-glafs,  if  the  for- 
mer be  convex  on  both  fides,  and  the  latter  plano- 
concave ; or  laftly  the  difference  between  the  diameter- 
of  the  objed-glafs  and  the  femidiameter  of  the  eye- 
glafs,  if  the  former  be  plano-convex,  and  the  latter 
concave  on  both  fides.  Thus,  for  in  fiance,  if  the 
diameter  of  an  objed-glafs,  convex  on  both  Tides,  be 
4 feet,  and  that  of  an  eye  glafs,  concave  on  both  Tides, 
be  4^  tenths  of  a foot  ; then  the  length  of  the  Tele- 
fcope will  be  I foot  and  7 1 tenths. 

AJlronowictd  Telescope  ; this  is  one  that  confifts- 
of  an  objed-glafs,  and  an  eye-glafs,  both  convex.  It 
is  fo  called  from  being  wholly  ufed  in  afironomical  ob- 
fervations. 

It  was  Kepler  who  firft  fuggefted  the  idea  of  this' 
Telefcope  ; having  explained  the  rationale,  and  pointed- 
out  the  advantages  of  it  in  his  Catoptrics,  in  i6ii. 
But  the  firft  perfon  who  adually  made  an  inilrument  of 
this  confirudion,  was  father,  Scheiner,  who  has  given- 
a defeription  of  it  in  his-  Rofa  Urfina,  publifiied  in- 
1630.  To  this  purpofe  he  fays,  If  you  infert  two 
fimllar  convex  lenfes  in  a tube,  and  place  your  eye  at' 
a convenient  dillance,  you  will  fee  all  terreftrial  ob- 
jeds,  inverted  indeed,  but  magnified  and  very  diftind, 
with  a confiderable  extent  of  view.  He  afterwards 
fiibjoined  an  account  of  a Telefcope  of  a different  con* 
firudion,  with  two  convex  eye-glaffes,  which  again  re- 
verfes  the  images,  and  makeS;  them  appear  in  their  na- 
tural pofition.  Father  Reita  however  foon  after  pro- 
pofed  a better  confirudion,  iifing  three  eye-glaffes  in- 
fiead  of  two. 

Conjirudion  of  the  Aflronomical  Telescope.  The 
tube  being  prepared,  an  objed-glafs,  either  piaiio-con- 
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vex,  or  convex  on  both  Tides,  but  a ferment  of  a large 
fphere,  is  fitted  in  at  one  end  ; and  an  eye-glafs,  convex 
•on  both  Tides,  which  is  the  fegment  of  a fmall  fphere, 
is  fitted  into  the  other  end  ; at  the  comraon  difiance  of 
the  foci. 

T-hus  the  rays  of  each  pencil  ifTning  from  every 
point  ol  the  objecl  ABC,  (fig.  3 pi.  30)  pafTing 
through  the  objecf-glafs  DEF,  become  converging, 
iind  meet  in  their  foci  at  IHG,  where  an  image  of  the 
obJeCf  will  be  formed.  If  then  another  convex  lens 
K M,  of  a fliorter  focal  length,  be  fo  placed,  as  that  its 
focus  fiiall  be  in_  lliG,  the  rays  of  each  pencil,  after 
paffing  through  it,  will  become  nearly  parallel,  fo  as  to 
meet  upon  the  retina,  and  form  an  enlarged  image  of 
the  objed  at  RST.  If  the  procefs  of" the  rays  be 
traced,  it  will  prefently  be  perceived  that  this  image 
muftbe  inveited.  For  the  pencil  that  ilfues  from  A, 
has  its  focus  in  G,  and  again  in  R,  on  the  fame  fide 
wuth  A.  But  as  there  is  always  one  inv.erfion  in  fimple 
vifion,  this  want  of  inverfion  produces  jufi  the  reverfe 
■of  the  natural  appearance.  ddie  field  of  view  in  this 
Telcfcope  will  be  large,  becaufe  all  the  pencils  that  can 
be  received  on  the  furface  of  the  lens  KM,  being  con- 
verging after  pafiing  through  it,  are  thrown  into  the 
pupil  of  the  eye,  placed  in  the  common  interfedion  of 
the  pencils  at  P. 

Theory  of  the  TiJ}ronom\cal  Telescope. — An  eye 
placed  near  the  focus  of  the  eye-glafs,  of  fuch  a Te- 
lcfcope, will  fee  objeds  diftindly,  but  inverted,  and 
magnified  in  the  ratio  of  the  dillance  of  the  focus  of 
the  eye-glafs  to  the  difiance  of  the  focus  of  the  obied- 
glafs. 

If  the  fphere  of  concavity  in  the  eye  glafs  of  the 
Galilean  Telcfcope,  be  equal  to  the  fpliere  of  con- 
vexity in  the  eye-glafs  of 'another  Telcfcope,  their 
magnifying  power  will  be  tlie  fame.  The  concave 
glafs  however  being  placed  between  the  objed-glafs  and 
its  focus,  the  Galilean  Telcfcope  will  be  fiiorttr  than 
tlie  other,  by  twice  the  focal  length  of  the  eye-glafs. 
Confcquently,  if  the  length  of  the  Telefcopes  be  the 
fame;  the  Galilean  will  have  the  greater  magnifying 
power.  Vifion  is  alfo  moredifiindin  thefe  Telefcopes, 
owing  in  part  perhaps  to  there  being  no  intermediate 
image  between  the  eye  and  the  objed.  Befides,  the 
eye-glafs  being  very  thin  in  the  centre,  ihehays  will  be 
iefs  liable  to  be  difiorted  by  irregularities  iu  the  fub- 
fiance  of  the  glafs.  Whatever  be  the  caufe,  we  can 
fometimes  fee  Jupiter^s  fatellites  very  clearly  in  a Ga- 
lilean Telcfcope,  of  20  inches  or  2 feet  long,  when 
one  of  4 or  9 feet,  of  the  common  fort,  will  hardly 
make  them  vifible. 

As  the  afiionomical  Telcfcope  exliibits  objeds  in- 
verted, it  ferves  commodioufly  enough  for  obferving 
the  flars,  as  it  is  not  materipl  whether be  feen  ered 
or  inverted;  but  for  terreftrlal  objeds  it  is  much  lefs 
proper,  as  the  inverting  often  prevents  them  from  being 
known.  But  if  a plane  wtll-polifhed  metal  fpeculum, 
of  an  oval  figure,  and  about  an  inch  long,  and  in- 
clined to  the  axis  in  an  angle  of  45”,  be  placed  be- 
behiud  the  eye-glafs;  then  the  eye,  conveniently 
placed,  will  fee  the  image,  hence  refleded,  in  the 
fame  magnitude  as  before,  but  in  an  ered  fituation  ; 
and  therefore,  by  the  addition  of  fuch  a fpeculum,  the 


afironomical  Telcfcope  is  thus  rendered  fit  to  obferve 
terreftrial  objeds. 

Since  the  focus  of  the  glafs  convex  on  both  fides 
is  difiant  from  the  glafs  itfelf  a femidiameter,  and  that 
of  a plano-convex  glafs,  a diameter  ; if  the  objed- 
glafs  be  convex  on  both  fides,  the  Telcfcope  will  mag- 
nify the  femidiameter  of  the  objed,  in  the  ratio  of 
the  diameter  of  the  eye-glafs  to  the  diameter  of  the 
objed-glafs  ; but  if  the  objedl -glafs  he  a plano-convex, 
ill  the  ratio  of  the  femidiameter  of  the  eye-glafs  to  the 
diameter  of  the  objed  glafs.  And  therefore  a Tele- 
fcope  magnifies  more  if  the  objed-glafs  be  a plano- 
convex, than  if  convex  oh  both  Tides.  And  for  the 
fame  reafon,  a Felefcope  magnifies  more  when  the  eye- 

glafs  is  convex  on  both  fides,  than  when  it  is  plano- 
convex. 


^ A Telefcopc  magnifies  the  more,  as  the  objed-glafs 
IS  a fegment  of  a great  fphere,  and  the  eye-glafs  of  a 
lels  one.  And  yet  the  eye-glafs  muft  not  be  too  fmall 
in  reiped  of  the  objed-glafs ; for  if  it  be,  it  will  not 
refract  rays  enough  fo  the  eye  from  each  point  of  the 
objed  ; nor  will  it  feparate  fufficiently  thofe  that  come 
from  different  points;  by  which  means  the  vifion  will 
be  rendeied  oblcure  and  confufed. — De  (Thales  obferves, 
that  an  objed-Iens  of  2^  feet  will  lequire  an  eye-glafs 
of  1 1 tenth  of  a foot  ; and  an  objed  glafs  of  8 or  10 
feet,  an  eye-glafs  of  4 tenths;  in  which  he  is  confirm- 
ed by  Eufiachio  Divini. 

9o  JJjorten  the ^ AJlronomical  Telescope  ; that  is, 
to  confirud  a Telcfcope  fo,  as  that,  though  fhorter 
than  the  common  one,  it  fliall  magnify  as  much. 

Having  provided  a drawing  tube,  fit  in  it  an  objed- 
Iens  EO  which  is  a fegment  of  a moderate  fpliere  j 


let  the  firfi  eye-glafs  BD  be  concave  on  both  Tides,  and 
fo  placed  in  the  tube,  as  that  the  focus  of  the  objed- 
glafs  A may  be  behind  it,  but  nearer  to  the  centre  of 
the  concavity  G : then  will  the  image  be  thrown  in 
fo  as  that  GA  : GI  ; ; AB  : (^.  Lafilv,  fit  in 
another  objed-glafs,  convex  on  both  tides,  and  a fe<r- 
ment  of  a linaller  fpiicre,  fo  as  that  its  focus  may  be 
in  0^ 

'This  Telcfcope  will  magnify  the  diameter  of  the  ob- 
jed inoie  than  if  tlie  objed-glals  were  to  reprefent  its 
image  at  the  fame  diftance  E(^j  and  coiifequently 
a fliorter  Tclefcope,  conftruded  this  way,  is  equiva- 
lent to  a longer  in  the  common  way.  See  Wolfius 
Elem.  MatK  vol.  3,  p.  249. 

Sir  Ifaac  Newton  furnifiies  us  with  another  method 
of  confiruding  the  Telcfcope,  in  his  catoptrical  or  re- 
fleding  Telcfcope,  the  conltrudion  of  which  is  o-iveu 
below.  See  Achromatic  Telescope.  ^ 

Aerial  Telescope,  a kind  of  allronomical  Tele- 
fcope,  the  Icnfes  of  which  are  ufed  without  a tube.  In 
firidnefs  however,  the  aerial  Tclefcope  is  rather  a 
particular  manner  of  mounting  and  managing  long 
4 ^ ^ Telefcopes 
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Telefcopes  for  celeflial  obfervation  in  the  night- 
time, by  v.'hich  the  trouble  of  long  unwieldy  tubes  is 
faved,  than  a particular  kind  of  '1  elefcope  ; and  the 
contrivance  was  one  of  Huygens’s.  This  invention 
was  fucceisfully  pradfifed  by  the  inventor  himfelf  and 
others,  particularly  with  us  by  13r.  Pound  and  Dr. 
Bradley,  with  an  objedt-glafs  of  123  feet  focal  dif- 
tance,  and  an  apparatus  belonging  to  it,  made  and  pre- 
fentcd  by  Huygens  to  the  Royal  Society,  and  defcribed 
in  his  Ahrofcopia  Conipendiaria  Tubi  Optici  Molimine 
I.iberata,  printed  at  the  Hagaie  in  1684. 

The  principal  parts  of  this  d’elefcope  may  be  com- 
prehended from  a view  of  fig.  4,  pi.  30,  where  AB  is 
a long  pole,  or  a mall,  or  a high  tree,  &c,  in  a groove 
of  which  Hides  a piece  that  carries  a fmall  tube  LK 
in  which  is  fixed  an  object  glafs  ; which  tube  is  con- 
neded  by  a fine  line,  with  another  fmall  tube  0(^ 
which  contains  the  eye-glafs,  &c. 

La  Hire  contrived  a little  machine  for  managing  the 
objed'glafs  which  Is  defcribed  Mem.  de  I’Acad.  17  15. 
S@e  Smith’s  Optics,  book  3,  chap.  io. 

H artfoeker,  who  made  Telefcopes  of  a very  con- 
fiderable  focal  length,  contrived  a method  of  iding 
them  without  a tube,  by  fixing  them  to  the  top  of  a 
tree,  a high  wall,  or  the  roof  of  a houfe.  Mifcel. 
Berol.  vol.  I,  p.  261. 

Huygens’s  great  Telefcope,  with  which  Saturn’s 
true  face,  and  one  of  his  fatellites  were  firll  dlf- 
covered,  coniifts  of  an  objed-glafs  of  12  feet,  and 
an  eye-glafs  of  a little  more  than  3 inches  ; though  he 
frequently  ufed  a Telefcope  of  23  feet  long,  with 
two  eye-glaiTes  joined  together,  each  inch  dia- 
meter ; fo  that  the  two  were  equal  to  one  of  3 
inches. 

The  fame  author  obferves,  that  an  objed-glafs  of 
30  feet  requires  an  eye-glafs  of  3^(3-  inches ; and  has 
given  a table  of  proportions  for  conftruding  allro- 
iiomical  Telefcopes,  an  abridgment  of  which  is  as 
follows  : 


DIft.  of 
Foe.  of 
ObjeCt-glafs. 

Diameter 

of 

Apert. 

Dili,  of 
Foe.  of 
Eye-glafs. 

III  1 

Po^er  or  , 
Magnitude 
of  Diam. 

Feet.  ; 

Inches 
and  Decim. 

Inches 
and  Decim. 

50 

3'87 

4*26 

141 

60 

4-24 

4*66 

154 

! 70  , 

4-58 

5*04 

166 

Sd 

4-90 

5*39  - 

178 

90 

5*20 

7*72 

189 

100 

5‘49 

6*03 

200 

1 20 

6*00 

6 *60 

218 

1 40 

6^48 

7*12 

235 

160 

6*93 

7*62 

252 

180 

7*35 

8*09 

267 

200 

7*7S 

8'53 

281 

220 

• 8'I2 

8 '9  3 

295 

240 

8*48 

9‘33 

308 

260 

8-83 

9*71 

321 

280 

9*i6 

io*o8 

333 

300 

9*49 

10-44 

34) 

400 

10-95 

12-05 

400 

500 

12*27 

'.V47 

44d 

600 

13*42 

14-76 

488  j 

Bift.of 

Diameter 

Dift.  of 

Power  or 

Foe.  of 

of 

Foe.  of 

Magnitude 

Obj.  Glaff. 

Apert. 

Eye-glafs. 

of  Diam. 

Feet, 

Inches 

Inches 

and  Decim. 

and  Decim. 

I 

0-55 

0'6i 

20 

0-77 

0-85 

28 

3 

0-95 

3-05 

34 

4 

1-09 

1-20 

40 

5 

1-23 

1*35 

44 

6 

1*34 

1*47 

49 

7 

I *45 

1 ”60 

S3 

8 ' 

■ 1*55 

1*71 

56 

i 9 

1 64 

i*8o 

60 

30 

1*73 

1*90 

^3 

^5 

2*12 

2*33 

77 

20 

2-45 

2*70 

89 

^5 

2*74 

3*01 

1 00 

30 

3 ‘00 

3-30 

109 

40 

1 3-46 

3-81 

120 

Dr.  Smith  (Rem,  p.  78)  bbferves,  that  the  magni- 
fying  powers  of  this  table  are  not  fo  great  as  Huy- 
gens himfelf  intended,  or  as  the  heft  objed-glaftes  now- 
made  will  admit  of.  For  the  author,  in  his  Aftrofeo- 
pia  Compendiaria,  mentions  an  objed-glafs  of  34  feet 
focal  diftance,  which,  ia  aftronomical  obfervations,  bore 
an  eye-glafs  of  2f  inches  focal  diftance,  and  confequent- 
ly  magnified  163  times.  According  to  this  ftandard, 
a Telefcope  of  35  feet  ought  to  magnify  166  times, 
and  of  1 foot  28  times  ; whereas  the  table  allows  but 
1 18  times  to  the  former,  and  but  20  to  the  latter. 
Now  rfl  or  = 1*4;  by  which  if  we  multiply  the 
numbers  in  the  given  column  of  magnifying  powers, 
we  ftiall  gain  a new  column,  fhewing  how  much  thofe 
objedf-glalfes  ought  to  magnify  if  wrought  up  to  th# 
perfection  of  this  ftandard. 

The  new  apertures  and  eye  glafies  muft  alfo  be 
taken  in  the  fame  proportions  to  one  another,  as  the 
old  ones  have  in  the  table  or  the  eye-glaffes  may  be 
found  by  dividing  the  length  of  each  Telefcope  by  its 
magnifying  power..  And  thus  a,  new  table  may  be 
eafily  made  foi  this,  or  any  other  more  perfeCt  ftandard 
when  offered. 

The  rule  for  computing  this  table  depends  on  the 
foUowing  theorem,  viz,  that  in  refraCting  Telefcopes 
of  different  lengths,  a given-  objeCf  wfill  appear  equally 
bright  and  equally  diftindt,  when  their  linear  apertures 
and  the  focal  diftances  of  their  eye -glaftes  are  feverally 
in  a fubduplicate  ratio  of  their  lengths,  or  focal  diD 
tances  of  their  objeCl-glafles  ; and  then  alfo  the  breadth 
of  their  apertures,  will  be  in  the  fubduplicate  ratio  of 
their  lengths. 

The  rule  is  this  ; Multiply  the  number  of  feet  in  the 
focal  diftance  of  anY  propofed  objeCf -glafs  by  3000,  and 
the  fquare-root  of  the  produCf  will  give  the  breadth  ol 
its  aperture  in  centefms,  or  lOQth  parts  of  an  inch 
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that  Is,  2000P  is  the  breadth  of  the  aperture  In  cen- 
teinis  c:  an  incli,  where  F is  the  focal  dilh'iiice  of  tlie 
objeet-gla's  111  feet.  Alfo,  t’;e  hiuie  bicndth  of  tlie 
ertc'-e  irweafed  by  tlie  ichi  part  of  ildelf,  gives  the 


ve”g:’!s  in  ce 


vielms  of  an  inch. 


ape 

focal  diHanct.  of  the  ev 
And  the  magniAing  po  . cr?  urv  as  the  breadths  of  the 
1 1 1*  1 *..'8  * 

If,  in  different  1 eleicupv.3.  tlr^  ratio  botv’cen  ih.e 
ohied-ghis  and  eye-glah  be  the  hiaoe  the  oh'ed  will 
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duplicate  of  tlie  increa'c  of  their  rnagnifying  power  : 
fo  that,  ill  order  to  magnify  twice  as  much  as  before, 
with  the  fame  light  and  dillindtnefs,  the  Telefcope  re- 
quired to  be  lengthened  4 tunes;  and  to  magnify 
thrice  as  much,  9 times  the,  length,  and  fo  on.  This 
muvieldinefs  of  refi^iffing  I'elefcopes,  poffefling  any 
coufiderable  magnify irtg  power,  was  one  caufe,  whiy 
tile  atteiiiion  of  adronomers,  &c,  was  directed  to  the 
difeovery  and  conRiudion  of  receding  Telefcopes. 
^/\nd  indeed  a refradiiig  'Felefcope,  even  of  I coo 
fed  focus,  fiippofing  it  pofable  to  make  ufe  of  fuch  an 
ihdrument,  could  not  be  made  to  magnify  with  difeind- 
u'  fs  more  than  1000  times  ; wdiereas  a refledtuig 
Telefcope,  of  9 or  10  feet,  will  magnify  12  hundred 
times,  d he  perfedion  of  refrading  Telefcopes,  it  is 
well  known,  is  very  much  limited  by  the  aberration  of 
the  ravs  of  light  from  the  geometrical  focus  : and  this 
arifes  from  two  different  canfes,  viz,  from  the  different 
degrees  of  refrangibility  of  light,  and  from  the  figure 
of  the  fphere,  which  is  not  of  a proper  curvature  for 
colleding  the  rays  in  a fingle  point.  Till  the  time  of 
Newton,  no  optician  had  imagined  that  the  objed 
glaffes  of  Telefcopes  were  fubjed  to  any  other  error 
befide  that  which  arofe  fiom  their  fpherical  figure,  and 
therefore  all  their  efforts  were  dirtded  to  the  conftriic- 
tion  of  them,  with  other  kinds  of  curvature  : but  that 
author  had  no  fooner  demonflrated  the  different  re- 
frangibihty  of  the  rays  of  light,  than  he  difeovered  in 
this  circuraftance  a ilew  and  a much  greater  caule  of 
error  in  Telefcopes.  Thus,  fince  the  pencils  of  each 
kind  of  light  have  their  foci  in  different  places,  fome 
nearer  and  fome  farther  from  the  lens,  it  is  evident  that 
the  whole  beam  cannot  be  brought  into  any  one  point, 
but  that  it  will  be  drawn  the  neareft  to  a point  in  the 
middle  place  between  the  focus  of  the  moll  and  leafl: 
refrangible  rays  ; fo  that  the  focus  will  be  a circular 
fpace  of  a confiderable  diameter.  Newton  fhews  that 
this  fpace  is  about  the  5^th  part  of  the  aperture  of  the 
Telefcope,  and  that  the  focus  of  the  mod  refrangible 
rays  is  nearer  to  the  objed -glafs  than  the  focus  of  the 
lead  refrangible  ones,  by  about  the  zyf  part  of  the 
didance  between  the  objed-glafs,  and  the  focus  of  the 
mean  refrangible  rays.  But  he  fays,  that  if  the  rays 
flow  from  a lucid  point,  as  far  from  the  lens  011  one 
fide  as  their  foci  are  on  the  other,  the  focus  of  the  mod 
refrangible  rays  will  be  nearer  to  the  lens  than  that  of 
the  lead  refrangible,  by  more  than  the  14th  part  of  the 
whole  didance.  Hence,  he  concludes,  that  if  all  the 
rays  of  light  were  equally  refrangible,  the  error  in 
Telefcopes,  arifing  from  the  fpherical  figure  of  the 
glafs,  would  be  many  hundred  times  lefs  than  it  now 
is;  hecaufe  the  error  arifing  from  the  fpherical  figure 
of  the  glals,  is  to  that  arifing  from  the  different  re- 
frangibility of  the  rays  of  light,  as  i to  5449*  See 
Aberration. 

Upon  the  whole  he  obferves,  that  it  is  a wonder 
that  Telefcopes  reprefent  objeds  fo  didlndly  as  they 
do.  The  rcafon  of  which  is,  that  the  difperfed  rays 
are  not  fcattered  uniformly  over  all  the  circular  fpace 
above-mentioned,  but  are  infinitely  more  denfe  in  the 
centre  than  in  any  otlier  part  ofthe  circle  ; and  tliat  in 
the  way  from  the  centre  to  the  circumference  they 
grow  continually  rarer  and  rarer,  till  at  the  circumfe- 
rence they  become  infinitely  rare  : for  which  reafon, 


thefe  difperfed  rays  are  not  copious  enough  to  be  vifible, 
except  about  the  centre  of  the  circle.  He  alfo  men* 
tions  another  argument  to  prove,  that  the  different 
refrangibility  of  the  rays  of  light  is  the  true  caufe  of 
the  imperfedion  of  l elefcopes.  For  the  difperuons 
of  the  rays  arifing  from  the  Ipherlcal  figures  of  objed- 
glaffcs,  are  as  the  cubes  of  their  apertures  ; and  there- 
fore, to  caufe  Telefcopes  of  different  lengths  to  magnify 
with  eepiai  didindriefs,  the  apertures  of  the  objed- 
glaffes,  and  the  charges  or  magnifying  powers  ought 
to  be  as  tlie  cubes  of  the  fquare  roots  of  their  lengths, 
which  does  not  anfwer  to  experience.  But  the  errors 
ofthe  rays,  arifing  from  the  different  refrangibility, 
are  as  the  ajiertures  of  the  objed-glafl'es  ; and  thence, 
to  make  Telefcopes  of  different  lengdis  to  magnify 
with  equal  dilliudners,  their  apertures  and  charges 
ought  to  be  as  the  fquare  roots  of  their  lengths  ; and 
th  isanfwers  to  experience. 

Were  it  not  for  this  different  refrangibility  of  the 
rays,  Telefcopes  miglit  be  brouglit  to  a fufficlent  de- 
gree of  perfedion,  by  cornpofing  the  objed'glafs  of 
two  glaffes  wIlIi  water  between  them.  For  by  this 
means,  the  refradions  on  the  concave  Tides  of  the 
glaffes  will  very  much  corred  the  errors  of  the  refrac- 
tions on  the  convex  fiJes,  fo  far  as  they  arife  from  their 
fpherical  figure  ; but  on  account  of  the  different  re- 
frangibility of  different  kinds  of  rays,  Newton  did  not 
fee  any  other  means  of  improving  Telefcopes  by  refrac- 
tion only,  except  by  increafing  their  length.  Newton’s 
Optics,  pa.  73,  83,  89,  3d  edition. 

This  important  defideratum  in  the  conftrudlion  of 
dioptric  Telefcopes,  has  been  fince  difeovered  by  the 
ingenious  Mr.  Dollond ; an  account  of  which  is  given 
below. 

Achromatic  Telescope,  is  a name  given  to  the  re- 
frading Telefcope,  invented  by  Mr.  John  Dollond, 
and  fo  contrived  as  to  remedy  the  aberration  arifing 
from  colours,  or  the  different  refrangibility  of  the  rays 
of  light.  See  Achromatic. 

The  principles  of  Mr.  Dollond’s  difeovery  and  con- 
flrudion,  have  been  already  explained  under  the  articles 
Aberration,  and  Achromatic.  The  improvement 
made  by  Mr.  Dollond  in  his  Telefcopes,  by  making 
two  objed-glaffes  of  crown-glafs,  and  one  of  flint, 
wliicli  was  tried  with  fuccefs  when  concave  eye-glaffes 
were  ufed,  was  completed  by  his  fon  Peter  Dollond  ; 
who,  conceiving  that  the  fame  method  might  be  prac- 
tifed  with  fuccefs  with  convex  eye-glaffes,  found,  after 
a few  trials,  that  it  might  be  done.  Accordingly  he 
finifired  an  objed-glafs  of  5 feet  focal  length,  with  an 
aperture  of  3-|-  inches,  compofed  of  two  convex  lenfes 
of  crowm-glafs,  and  one  concave  of  white  flint  glafs. 
But  apprehending  afterward  that  the  apertures  might 
be  admitted  flill  larger,  he  completed  one  of  3 J feet 
focal  length,  with  the  fame  aperture  of  3!-  inches. 
Philof.  TranC  vol.  55,  p.  56. 

But  befide  the  obligation  we  are  under  to  Mr.  Dol- 
lond, for  correding  the  aberration  ofthe  rays  ofliglit 
in  the  focus  of  objed-glaffes,  arifing  from  their  different 
refrangibility,  lie  made  another  confiderable  improve- 
ment in  Telefcooes,  viz,  by  correding,  in  a great 
meafure,  both  this  kind  of  aberration,  and  alfo  that 
which  arifes  from  the  fpherical  form  of  lenfes,  by  an 
expedient  of  a very  different  nature,  viz,  increafing 
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tBe  number  of  eye-glaiTes.  If  any  perfon,  fays  he, 
would  have  the  vifiial  angle  of  a Telefcope  to  coi^^ain 
degrees,  the  extreme  pencils  of  the  field  mutt  be 
bent  or  refracled  in  an  angle  of  to  degrees ; which,  if 
it  be  performed  by  one  eye-glafs,  will  caufe  an  aberra- 
tion from  the  figure,  in  proportion  to  the  cube  or  that 
angle:  but  it  two  glafTesbe  lo  proportioned  and  lituated, 
as  that  the  refraftion  may  be  equedly  divided  between 
them,  they  will  each  of  them  produce  a refradlion 
equal  to  half  the  required  angle  ; and  therefore,  the 
aberration  being  in  this  cafe  proportional  to  double 
the  cube  of  half  the  angle,  wid  be  but  a qth  part  of 
that  which  is  in  proportion  to  the  cube  of  the  whole 
angle  ; bccaule  twice  tire  cube  of  i rsont  ^ of  the  cube 
of  2 ; fo  that  the  aberration  fi'om  the  figure,  where 
two  eye-glaffes  are  rightly  proportioned,  is  but  a qth 
part  of  what  it  mud  unavoidably  be,  where  the  whole 
is  performed  by  a fingle  eve-glafs.  Bv  the  lame  way 
of  I'eafoning,  when  the  refraction  is  divided  among 
three  glades,  the  aberration  will  be  found  to  be  but 
the  9th  par't  of  what  would  be  produced  from  a fingle 
glafs  ; becaufe  3 times  the  cube  of  I is  but  the  9th  part 
of  the  cube  of  3.  V/hence  it  appeal's,  that  by  incrcafing 
the  number  of  cve-glalfes,  the  i^xliilinClnefs,  near  the 
borders  of  the  field  of  a Telefcope,  may  be  vei'v  much 
diminifhed,  though  not  entirely  taken  away. 

The  method  of  correcting  the  errors  arifing  from  the 
ciiTerent  reti'angibility  of  light,  is  of  a different  con- 
fidei'ation  from  the  former  : for,  whereas  the  errors 
from  the  figure  can  only  be  diminiflied  in  a certain 
proportion  to  the  number  of  glafTcs,  in  this  they  may 
be  entirely  correCted,  by  the  addition  of  only  one 
glafs  ; as  we  find  in  the  aftronomical  Telefcope,  that 
two  eye-glaffes,  rightly  proportioned,  will  caufe  the 
edges  of  objeCts  to  appear  free  from  colours  quite  to 
the  boi'dei'S  of  the  field.  Alfo,  in  the  day  telefcoDC, 
where  no  more  than  two  eye  glaffes  are  abfolutely  iie- 
ceffary  for  ereding  the  object,  we  find,  by  the  addition 
©f  a thii'd  rightly  fitnated,  that  the  colours,  which 
would  otherwife  confufe  the  image,  are  entirely  re- 
moved : but  this  muft  be  underfiood  with  feme  limita- 
tion ; for  though  the  different  colours,  which  tire  ex- 
treme pencils  mull  ncceffarily  be  divided  into  by  Lhe 
edges  of  the  eye  glaffes,  may  in  this  manner  be  brought 
to  the  eye  in  a direCtion  parallel  to  each  other,  fo  as, 
by  its  humours,  to  be  converged  to  a point  in  the 
retina,  yet  if  the  glaffes  exceed  a certain  length,  the 
colours  may  be  fpread  too  wide  to  be  capable  of  being 
admitted  through  the  pupil  or  aperture  ot  the  eye  ; 
which  is  the  reafon  that,  in  long  Telefcopes,  con- 
liruCfed  in  the  common  way,  with  three  eyc-glafies, 
the  field  is  always  very  much  conti'aCled. 

Thefe  confiderations  firft  fet  Mr.  Dollond  upon  con- 
triving how  to  enlarge  the  field,  by  increahng  the 
number  of  eye-glaffes,  without  any  hindrance  to  the 
dillinClnefs  or  brightnefs  of  the  image  ; and  though 
others  had  been  about  the  fame  work  before,  yet  ob- 
fcrvlng  that  the  five-glafs  Telefcopes,  fold  in  the  fhops, 
would  admit  of  farther  improvement,  he  endeavoured 
to  conflrudt  one  with  the  fame  number  of  glafl'es  in 
a better  manner  ; which  fo  far  anfwered  his  expecta- 
tions, as  to  be  allowed  by  the  heft  judges  to  be  a con- 
fiderable  improvement  on  the  former.  Encouraged  by 
this  fuccefs,  he  refolved  to  try  if  he  could  not  make 


fome  farther  enlargement  of  the  field,  by  the  addition 
of  another  glafs,  and  by  placing  and  proportiosfing  tlie 
glaffes  in  fuch  a manner,  as  to  correCt  tlie  aberrations 
as  much  as  poffible,  without  any  detriment  to  the  dii= 
tindnefs : and  at  fall  he  obtained  as  large  a Held  as  is 
convenient  or  neceffary,  and  that  even  in  the  longeil 
Telefcopcs  that  can  l>c  made.  Thefe  Felefcopes, 
with  6 glaffes,  having  been  well  received  both  at  home 
and  abroad,  the  author  has  fettled  the  date  of  the  in- 
vention  iti  a letter  addreffed  to  Mr.  Short,  and  read 
at  the  Royal  Society,  March  i,  1753*  Philof.  Tran!, 
vol,  48,  art.  1 4. 

Of  the  Acliromatic  Telefcopes,  invented  by  Mr. 
Dollond,  there  are  fcveral  different  fizes,  from  one  foot 
to  8 f^eet  in  length,  made  and  fold  by  his  Tons  P.  and 
J.  Dollond.  In  the  jy-inch  improved  Achromatic 
T elefcope,  the  objeCf  glafs  is  compofed  ot  tliree  glaffes, 
viz,  two  convex  ol  crown -glafs,  and  one  concave  of 
y bite  fiint'glafs  : the  focal  diflance  of  this  combined 
objeCI-glafs  is  about  17  inches,  and  the  diameter  of  the 
aperture  2 inches.  There  are  4 eye-glaffes  contained 
in  the  tube,  to  he  ufed  for  land  objeCts ; the  magnitylng 
power  with  thefe  is  near  50  times  ; and  they  are  ad- 
ju'led  to  different  liglits,  and  to  different  difiances  of 
the  objeCt,  by  turning  a finger  ferew  at  the  end  of  the 
outer  tube-  There  is  another  tube,  containing  tvvo 
eyc-glaffes  that  magnify  about  70  times,  for  afirono- 
mical  piirpofes.  The  Telefcope  may  be  direCted  to 
any  object  by  turning  two  ferevvs  in  the  fland  on  which 
it  is  fixed,  the  one  giving  a vertical  motion,  and  the 
other  a horizontal  one.  The  (land  may  be  inclofed  lu 
tlic  Infide  of  the  brafs  tube. 

The  objecfi-glafs  of  the  2,^  and  feet  Telefcopes  is 
compofed  of  two  glaffes,  one  convex  of  crown  glafs, 
and  the  other  concave  of  white  flint  glals  ; and  the 
diameters  of  their  apertures  are  2 Indies  and  2|  inches. 
IPadi  ot  them  is  furiiifhed  with  two  tubes  ; one  foiTaud 
objei^us,  containing  four  eye-glaffes,  and  another  with 
two  eye-glaffts  for  aftronomical  iifcs.  They  are  ad- 
jufted  by  buttons  on  the  outfide  of  the  wooden  tube  ; 
and  the  vertical  and  horizontal  motions  are  given  by 
joints  in  the  ftands.  The  magnifying  power  of  the 
leaft  of  thefe  Teiefcopcs,  with  the  eye-glafs  tor  land 
objecis,  is  near  30  times,  and  with  thofe  for  aftrono- 
mical purpofes,  80  times  ; and  that  of  the  greatell  for 
land  objeds  is  near  70  times,  but  for  aftronomical  ob-' 
fervatioiis  80  and  130  times;  for  this  has  tvvo  tubes, 
either  of  which  may  be  nfed  as  occafion  requires.  Thi& 
d’elefeoue  is  alfo  moved  by  a ferew  and  rackwork,  and 
the  ferew  is  turned  by  means  of  a Hook’s  joint. 

Thefe  opticians  alfo  conftrud  an  Achromatic  pocket 
pcrfpeclive  glafs,  or  Galilean  Telelcope  ; fo  contrived, 
that  ail  the  different  parts  are  put  together  and  con- 
tained in  one  piece  4-  inches  long.  This  fmall  Telc- 
fcope  is  furnifhed  with  4 concave  eye-glaffes,  the  mag- 
nifying powers  of  which  are  6,  12,  18,  and  28  times. 
With  the  greateft  power  of  this  Telefcope,  the  fatellites 
of  Jupiter  and  the  ring  of  Saturn  may  be  eafily  feen. 
They  have  alfo  contrived  an  Achromatic  Telefcopcj, 
the  Hiding  tubes  of  which  are  made  of  very  thin  brafs, 
which  pafs  through  fprings  or  tubes  ; the  outfide  tube 
being  either  of  mahogany  or  brafs.  Thefe  Telefcopes, 
which  from  their  convenience  for  gentlemen  in  the 
army  are  called  military  Telefcopes,  have  4 convex  eye- 
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^lafTcs,  wliofe  furfaces  and  focal  lengtiis  are  fo  propor- 
tioned, as  to  render  the  Fitldof  view  very  large.  ihey 
are  of  4 different  lengths  and  fizes,  ufually  called  one 
foot,  2,  3,  and  4 feet:  the  firft  is  .'4  inches  when  in 
life,  and  9 inches  when  flnit  nj),  having  the  aperture  of 
the  objedl-glafs  i inch,  and  magnifying  22  times: 
the  fecond  28  inches  lor  ufe,  9 iiichcs  duit  up,  the 
aperture  inch,  and  magnifying  3^  times;  the 

third  40  inches,  and  lo  inches  flint,  with  tire  aperture 
2 inches,  and  magnifying  4:;  times;  and  the  fourth  32 
inclies,  and  14  inches  Ihut,  with  the  aperture  2|  iiicf.es, 
and  map,‘nifying  i,' 3 times. 

Mr.  Euler,  vho,  in  a memoir  of  the  Academy  of 
Eeriin  for  tlie  year  1 7^7,  p.  323,  had  calculated  the 
effects  of  ail  poffible  combinations  oflenfes  in  Telefcopes 
and  microfeopes,  publiiTicd  anotl/er  long  memoir  on 
the  iubjecd  of  thefe  Telefcopes,  fliewing  with  precifion 
of  what  advantages  they  are  naturally  capable.  See 
'Mifcel.  Taurin.  voL  3,  par.  2,  pag.  92. 

Mr.  Caleb  Smith,  having  paid  much  attention  to 
the  fahjeCt  .of  fhortening  and  improving  Telefcopes, 
tliought  he  had  found  it  poffible  to  redtity  the  errors 
which  arife  from  the  different  degrees  of  refrangibility, 
on  the  principle  that  the  fines  of  refradtion  of  rays 
diffeVently  refrangible,  are  to  one  another  in  a given 
proportion,  when  their  fines  of  incidence  are  equal ; 
and  the  method  he  propofed  for  , this  purpofe,  was  to 
make  the  fpecula  of  glafs,  inftead  of  metal,  the  two 
furfaces  havincr  different  decfrees  of  concavity.  But  it 
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■does  not  appear  that  this  fcherae  was  ever  carried  into 
pradfice.  See  Philof.  Tranf.  number  456,  pa.  326,  or 
. Abr.  vol.  8,  pa.  1 1 3, 

The  ingenious  Mr.  Ramfden  has  lately -deferibed  a 
new  conftrudtion  of  eye-glaffes  for  fueii  Telefcopes  as 
may  be  applied  to  mathematical  inftriiments.  The 
conllrudtion  which  he  propofes,  is  that  of  two  plano- 
convex lenfes,  both  of  them  placed  between  the  eye  and 
the  obferved  image  formed  by  the  objedf-giafs  of  the 
inftrument,  and  thus  corredting  not  only  the  aberration 
arifing  from  the  fpherical  figure  of  the  lenfes,  but  alfo 
sthat  arifing  from  the  different  refrangibility  ot  light. 
For  a more  particular  account  of  this  confliudtiou,  its 
principle,  and  its  effedts,  fee  Philof.  Tranf.  vol.  73, 
.art.  7. 

A conffirudfiou,  fimilar  at  leaft  in  its  principle  to 
that  above,  Is  aferibed,  in  the  Synopfis  Optica  Hono- 
ratl  Fabri,  to  Euflachio  Divini,  who- placed  two  equal 
narrow  plano-convex  lenfes,  inftead  of  one  eye  lens,  to 
his  Telefcopes,  which  touched  at  their  vertices  ; the 
focus  of  the  objedl-glafs  coinciding  with  the  centre  of 
the  plano-convex  lens  next  it.  And  this,  it  is  faid, 
was  done  at  once  both  to  make  the  rays  that  come 
parallel  from  the  objedt  fall  parallel  upon  the  eye,  to 
exclude  the  colours  of  the  rainbow  from  it,  to  augment 
the  angle  of  fight,  the  field  of  view,  the  brightnefs  of 
the  objedl,  &c.  This  was  alfo  known  to  Huygens, 
who  fometimes  made  ufe  of  the  fame  conftrudlion,  and 
gives  the  theory  of  it  in  his  Dioptrics*  See  Hugenli 
Opera  Varia,  vol.  4,  ed.  1728. 

Telescope,  RtfieBing^  or  Catoptric^  or  Catadioptric^ 
is  a Telefcope  wdiich,  initead  oflenfes,  confills  chiefly 
of  muTOTs,  and  exhibits  remote  objedts  by  refledllon 
.inflead  of  refradtion. 

A brief  account  of  the  hiilory  of  the  invention  of  this 


important  and  ufeful  Telefcope,  Is  as  follovts.  The 
ingenious  Mr.  James  Giegory,  of  Aberdeen,  has  been 
coraitionly  confidered  as  the  firll  inventor  of  this  Tele- 
fcope  — But  it  feems  thefirfi:  thought  of  a refiedlor  had 
been  fuggefted  by  Merfenne,  about  20  years  before  the 
date  of  Gregory’s  Invention:  a hint  to  this  purpofe 
occurs  in  the  7th  propofition  of  his  Catoptrics,  w8uch 
was  printed  in  1651  : and  It  appears  from  the  3d  and 
29th  letters  of  Defcartes,  in  vol.  2 of  his  .Letters, 
which  It  is  faid  were  written  in  1639,  though  they 
w^cre  not  publiflied  till  the  year  1666,  that  iVlerfenne 
propofed  a Telefcope  with  fpecula  to  Defcartes  in  that 
correfpondence  : though  indeed  in  a manner  fo  very 
unfatisfadtory,  that  Defcartes,  wTo  had  given  parti- 
cular attention  to  the  improvement  of  the  Telefcope, 
was  fo  far  from  approving  the  propolal,  that  he  en- 
deavoured to  convince  Merfenne  of  us  fallacy.  Tliis 
point  has  been  largely  difeuffed  by  Le  Roi  in  the  En- 
cyclopedia, art.  Telefcope,  anffi  by  Montucla  in  his 
Hid.  des  Mathem.  tom.  2,  p.  643. 

Whether  Gregory  had  feen  Merfenne’s  treatife  on 
optics  and  catoptrics,  and  whether  he  availed  himfelf 
of  the  hint  there  fuggefted,  or  not,  perhaps  cannot 
now  be  determined.  He  w^as  led  however  to  the  in- 
vention by  feeking  to  cerredf  two  iraperfedtions  in  the 
common  Telefcope  : the  firft  of  thefe  was  its  too  great' 
length,  v/hich  made  it  troubleloine  to  manage  ; and 
the  fecond  was  the  incorredf  nefs  of  the  image.  It  had 
been  already  demonftrated,  that  a pencil  of  rays  could 
not  be  colledLcd  in  a fingle  point  by  a fphetical  lens; 
and  alfo,  that  the  image  tranfmitted  by  fuch  a lens 
would  be  in  fome  degree  Incurvated.  Thefe  Incon- 
veniences he  thought  might  be  obviated  by  fublluuting 
for  the  objedl-glafs  a metallic  fpeculum,  of  a parabolical 
figure,  to  receive  the  image,  and  to  reftedl  it  towards 
a fmall  fpeculum  of  the  fame  metal ; this  again  w^as  to 
return  the  Image  to  an  eye-glafs  placed  behind  the  great 
fpeculum,  wdilch  was,  for  that  purpofe,  to  be  perforated 
in  its  centre.  This  conftrudlion  he  publilhed  in  1 663^ 
in  his  Optica  Promota.  But  as  Gregory,  according 
to  his  own  account,  poffeffed  no  mechanical  ffiill,  and 
could  not  find  a workman  capable  of  realizing  his  In- 
vention, after  fome  fruitlefs  trials,  he  was  obliged  to 
give  up  the  thoughts  of  bringing  Telelcopes  of  this  kind 
into  ufe. 

Sir  Ifaac  Newton  however  interpofed,  to  fave  this 
excellent  invention  from  peri  filing,  and  to  bring  it  for- 
ward to  maturity.  Having  applied  himfelf  to  the 
improvement  of  the  Telefcope,  and  imagining  that 
Gregory’s  fpecula  were  neither  very  neceffary,  nor 
likely  to  be  executed,  he  began  with  profecuting  the 
views  of  Defcartes;  who  aimed  at  mak  ng  a more 
perfedl  image  of  an  objedi,  by  grinding  lenfes,  not  to 
the  figure  of  a fphere,  but  to  that  formed  from  one  of 
the  conic  fedllons.  But,  in  the  year  1666,  having 
difeovered  the  different  refrangibility  of  the  rays  of 
liglit,  and  finding  that  the  errors  of  Telefcopes,  arifing 
from  that  caufe  alone,  were  much  more  confiderable 
than  fuch  as  were  occafioned  by  the  fpherical  figure  of 
lenfes,  he  was  conftrained  to  turn  his  thoughts  to  re- 
fiedlors.  The  plague  however  interrupted  his  progrefs 
in  this  bufinefs  ; fo  that  it  was  towards  the  end^  of 
1668,  or  in  the  beginning  of  1669,  when,  defpairing 
of  periedfing  Telelcopes  by  means  of  refradled  light, 
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?3nd  reciming  to  the  conftrudtion  of  reile(?fors,  he  fet 
^about  making  his  own  fpecula,  and  early  in  the  year 
1672  completed  two  fmall  refleding  Telefcopes.  In 
^thefe  he  ground  the  large  fpeculum  into  a fpherical 
^concave,  being  unable  to  accomplifli  the  parabolic  form 
propofed  by  Gregory  ; but  though  he  then  defpaired 
of  performing  that  work  by  geom.etrical  rules,  yet  (as 
he  writes  in  a letter  that  accompanied  one  of  thefe 
inftruments,  which  he  prefentcd  to  the  Royal  Society) 
lie  doubted  not  but  that  the  thing  might  in  forne 
meafure  be  accomplifiied  by  mechanical  devices.  With 
a perfeverance  equal  to  his  ingenuity,  he,  in  a great 
meafure,  overcame  another  difhculty,  which  was  to 
find  a metallic  fubhance  that  would  be  of  a proper 
hardnefs,  have  the  feweft  pores,  and  receive  the  fmoothell 
polirti  : this  difficulty  he  deemed  almoll;  infurmonntable, 
when  he  confidered  that  every  ln*egularlty  in  a refledllng 
furface  would  make  the  rays  of  light  deviate  5 or  6 
times  more  out  of  their  due  courfe,  tlian  the  like  irre- 
gularities in  a refradting  furface.  After  repeated  trials, 
he  at  laft  found  a compofition  that  anfwered  in  fome 
'degree,  leaving  it'to  thofe  \^•ho  fhoul-d  come  after  him 
to  find  a better,  Thefe  difficulties  have  accordingly 
been  fince  obviated  by  other  artlfis,  particularly  by 
Dr.  Madge,  the  rev,  Mr.  Edwards,  and  Dr.  Hcifcliel, 
&.C.  Newton  having  fucceeded  fo  far,  lie  communicated 
to  the  Royal  Society  a full  and  fatisfadtory  account  of 
the  conftrudLlon  and  perfoimance  of  his  Telefcope. 
The  Society,  by  their  fecretary  Mr.  Oldenburgh, 
Iranfmltted  an  account  of  the  dlfcoveiy  to  Mr.  Huy- 
gens, celebrated  as  a diftinguinied  improver  of  the 
reftaflor  ; who  not  only  replied  to  the  Society  in  terms 
exprelfing  his  high  approbation  of  the  invention,  but 
drew  up  a favourable  account  of  the  new  Telefcope, 
■which  he  caufed  to  be  publifhed  in  the  Journal  dcs 
^S9avans  of  the  year  1677,  and  by  this  mode  of  comnui- 
nicatlou  it  was  foon  known  over  Europe.  See  Huy- 
^enli  Opera  Varla,  tom.  4. 

Notwitlifianding  the  excellence^^ and  utility  of  this 
contrivance,  and  the  honourable  manner  in  which  it 
was  announced  to  the  world,  it  feems  to  have  been 
greatly  negledfed  for  nearly  half  a century.  Indeed 
when  Newton  had  pnbllflied  an  account  of  his  'I'cle- 
fcopes  in  the  Philof.  Tranf,  M.  CalTegrain,  a French- 
man, in  the  Journal  des  S^a-vans  of  1O72,  claimed  the 
honour  of  a hmilar  invention,  and  faid,  that,  before  he 
lieard  of  Newton’s  improvement,  he  had  hit  upon  a 
better  conflrudlion,  by  ufing  a fm-all  convex  mirror 
inilead  of  the  reflecting  prifm.  This  Telefcope,  which 
was  the  Gregorian  one  difgulfed,  the  large  mirror 
being  perforated,  and  whicli  it  is  laid  was  never  ex- 
ccuted  by  the  author,  is  much  fliorter  tlian  the  New- 
tonian ; and  the  convex  mirror,  by  difperfing  the 
rays,  ferves  greatly  to  increafe  the  image  made  by  the 
large  concave  mirror. 

Newton  made  many  objediions  to  Caflegraln’s  con- 
flruftion,  but  feveral  of  them  equally  affect  that  of 
Gregory,  v/hich  has  been  found  to  anlwer  remarkably 
well  in  tlie  bands  of  good  artiils. 

Dr.  Sraiith  took  the  pains  to  make  many  calculations 
of  the  magnifying  power,  both  of  NcwtoiPs  and  Caf- 
ffegrain’s  Telefcopes,  in  order  to  their  farther  im- 
'provement,  which  may  be  feen  in  his  Optics,  Rem. 
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Dr.  Hook  conilrudled  a Refiedling  Telefcope  (men- 
tioned by  Dr.  Kirch  in  his  Hift.  of  the  Royal  Soc.  voL 
3,  p,  122  ) in  which  the  great  mirror  was  perforated, 
fo  that  the  fpedlator  looked  diredlly  towards  the  ob- 
ject, and  it  was  produced  before  the  Royal  Society 
in  1674.  On  this  occafion  it  was  faid  that  this  con- 
ftrudlion  was  firll  propofed  by  Merfenne,  and  after- 
w'ards  repeated  by  Gregory,  but  that  it  never  had 
been  adlually  executed  before  it  was  done  by  Hook, 
A defeription  of  this  infirument  may  be  feen  in  Hook’s 
Experiments,  by  Derham,  p.  269. 

The  Society  alfo  made  an  unfuccefsful  attempt,  by 
employing  an  artificer  to  imitate  the  Newtonian  con- 
ftrudfion  ; however,  about  half  a century  after  the 
invention  of  Newton,  a Reflecting  Telefcope  was  pro- 
duced to  the  world,  of  the  Newtonian  conflruCtion, 
w'hich  the  venerable  author,  ere  yet  he  had  finifiied  hiiy 
very  dillinguifhed  courfe,  had  the  fatlsfaCtion  to  find 
executed  in  fuch  a manner,  as  left  no  room  to  fear 
that  the  Invention  would  longer  continue  in  obfeurity. 
This  effectual  fervice  to  fcience  was  accompliflied  by 
hlr.  John  Hadley,  who,  in  the  year  1723,  prefented 
to  the  Royal  Society  a Telefcope,  which  he  had  con- 
firuCted  upon  Newton’s  plan.  The  two  Telefcopes 
which  Newton  had  made,  were  but  6 inches  long, 
were  held  in  the  hand  for  viewing  objeCts,  and  in 
power  were  compared  to  a 6-feet  refradtor : but  the 
radius  of  the  fphere,  to  which  the  principal  fpeculmn 
of  Hadlcv’s  was  ground,  was  10  feet  inches,  and 
cimfequently  its  focal  length  was  62|-  inches.  In  the 
Philof.  Tranf.  Abr.  vol.  6,  p.  133,  may  be  feen  a 
drawing  and  defeription  of  this  Telefcope,  and  alfo  of 
a very  ingenious  but  c^^mplex  appaiatus,  by  which  it 
was  managed.  One  of  thele  Telelcopes,  in  which  ihe 
focal  length  of  the  large  mirror  was  not  quite  5^  feet, 
was  compared  with  the  celebrated  Fluygeiiian  Tele- 
fcope, which  had  the  focal  lengtli  of  its  objeCt-glafs 
123  feet;  and  it  was  found  that  the  former  would 
bear  fuch  a charge,  as  to  make  it  magnify  the  objeCt 
as  maiiy  times  as  the  latter  with  its  due  charge  ; and 
that  it  reprefented  objcCls  as  difiinCtly,  though  not 
altogether  fo  clear  and  bright.  With  this  RefleClIng 
Telefcope  might  be  feen  whatever  had  been  hitherto 
difeovered  by  the  Huygenian,  particularly  the  tranfits 
of  Jupiter’s  fatellites,  and  their  ffiades  over  the  diflc 
of  Jupiter,  the  black  lift  in  Saturn's  ring,  and  the 
edge  of  the  ffiade  of  Saturn  caft  upon  his  ring.  Five 
fatellites  of  Saturn  were  alio  obferved  with  this  Tele- 
fcope, and  it  afforded  other  obfervations  on  Jupiter 
and  Saturn,  which  confirmed  the  good  opinion  which 
had  been  conceived  of  It  by  Pound  and  Kradley. 

Mr,  Fladley,  aftet*  finllhing  two  Telefcopes  of,  the 
Nevvtonian  conllruftion,  applied  himfeif  to  make.thc’m 
ill  tlie  Gregorian  form,  in  which  the  large  nnirror  is 
jrerforated.  ' I’his  fcheme  he  completed  in  the  year 
1726. 

Dr.  Smith  prefers  the  Newtonian  conOnidfion  to 
p.that  of  Gregory  ; but  if  long  experience  be  admitted 
as  a filial  judge  In  fiicii  matters,  the  fuperionty  mnll  be 
adjudged  to  the  .latter;  as  it  is  now,  and  has  been  for 
■many  years  rraft,  the  only  Infti  ument  in  requeft. 
aE  ■ IHr. 
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Mr.  Htidley  fpared  no  pains,  after  having  completed 
his  conltruaion,  to  inftrua  Mr.  Molyneux  and  Dr. 
Bradley  ; and  when  thefe  gentlemen  had  made  a good 
proficiency  in  the  art,  being  defirous  that  thek  1 ele- 
fcopes  k.ould  become  mord  public,  they  liberally  com- 
municated to  fome  of  the  chief  in  ft rument- makers  ot 
London,  the  knowledge  they  had  acquired  irom  him  . 
and  thus,  as  it  is  reafonable  to  imagine,  reflectors 
were  completed  by  other  and  better  methods  than  even 
thofe  in  which  they  had  been  inftruCted.  Mr.  James 
Short  in  paiticiilar  fignalized  himfelf  as  early  as,  the 
year  17^4,  by  his  work  in  this  way.  ble  at  firft  imide 
his  fpecula  of  glafs  ; but  finding  that  the  light  refleaed 
from  the  beft  glafs  fpecula  was  much  iefs  than  the  light 
lefieaed  from  metallic  ones,  and  that  glafs  was  very 
liable  to  change  its  form  by  its  own  weight,  he  ap- 
pikd  himfelf  to  improve  metallic  fpecula;  and,  by 
iivintr  particular  attention  to  the  curvature  of  them, 
he  was  able  to  give  them  greater  apertures  than  other 
workmen  could  do  ; and  by  a more  accurate  adjiift- 
ment  of  the  fpecula,  &c,  he  greatly  improved  tlip 
whole  inftrunjent.  By  fome  which  he  rnade,  in  which 
the  larger  mirror  was  15  inches  focal  diftance,  he  and 
fome  other  perfons  were  able  to  read  in  the  Philof. 
Tranf.  at  the  diftance  of  5Q0  feet ; and  they  feveral 
times  faw  the  five  fatellites  of  Saturn  together,  which 
ereatly  furprifed  Mr.  Maclauriii,  who  gave  this  account 
of  it  till  he  found  that  Caffini  had  fometimes  feen 
them  all  with  a 17  feet  refraaor.  ^ Shortk  Teleicopea 
were  all  of  the  Gregorian  conftriiaion.  It  is  fuppofed 
that  he  difeovered  a method  of  giving  the  parabolic 
figure  to  his  great  fpeculum  ; a degree  of  perfection 
which  Gregory  and  Newton  defpaircd  of  attaining, 
and  which  Hadley  it  feems  had  never  attempted  iiv 
cither  of  his  Telefcopes.  However,  the  fecret  ot 
working  that  configuration,  whatever  it  was,  it  feems 
died  with  that  ingenious  artift.  Though  lately  in  fome 
degree  difeovered  by  Dr.  Mudge  and  others. 

On  the  Hiftory  of  Refleding  Telefcopes,  fee  Dro.. 
David  Gregory’s  Elem.  of  Catopt.  and  Dioptr.  Appen- 
dix by  Defaguliers : Smith’s  Optics,  book  3,  c.  2, 
Rem.  on  art.  489  : and  Sir  John  Pringle’s  excellent 
Difeourfe  on  the  Invention  &c  of  the  Refleaing.  i ele- 

Cmfirnahn  of  the  Refeahg  T defeope  of  the  Newtoman 
W.-Let  ABCD  (iig.  2,  p'-  32)  be  a large  tube, 
open  at  AD,  and  doled  at  BC,  and  its  length  at  leaft 
equal  to  the  diftance  of  the  focus  from  the  metallic 
tpherical  concave  fpeculum  GH  placicd  at  the  end  pC. 
The  rays  EG,  FH,  &c,  proceeding  from  a remote 
©hiea  PR,  interfed  one  another  fomewhere  before 
they  enter  the  tube,  fo  that  EG  and  are  thofe  th^ 
eome  from  the  lower  part  of  the  objeav  and /A  FH 
from  its  upper  part : thefe  rays,  after  lalhng  on  the. 
fpeculum  GH,  will  be  refleaed  fo  as  to  converge  and 
meet  in  mti,  where  they  will  form  a perfed  image  of 
the  obied.  But  as  this  image  cannot  be  feen  by  the 
fnedator,  they  are  intercepted  by  a fmallp.ane  metallic 
fpeculum  KK,  imerfedfing  the  axis  at  an  angle  of 
4c®,  by  which  the  rays  tending  to  w,  will  be  re- 
Beded  towards  a hole  LL  in  the  fide  of  the  tube,  and 
the  image  of  the  objed  willbe  thus  formed  in  gS;  which 
image  will  be  lefs  diftind,  becaufe  . fome  of  the  rays 
which  would  otherwife  fall  on  the  concave  fpeculum 


GH,  are  intercepted  by  the  plane  fpeculum  ! it  wilh 
neverthelefs  appear  pretty  diilindf,  bccaufe  the  aperture 
AD  of  the  tube,  and  the  fpeculum  GH,  are  large* 
In  the  lateral  hole  LL  is  fixed  a convex  lens,  whofe 
focus  is  at  Sy  ; and  therefore  this  lens  will  refradt  the 
rays  that  proceed  from  any  point  of  the  image,  fo  as 
at  their  exit  they  will  appear  parallel,  and  thofe  that 
proceed  from  the  extreme  points  S,  y,  will  converge 
after  refradion,  and  form  an  angle  at  O,  where  the 
eye  is  placed;  which  will  lee  the  image  Sy,  as  if  it 
were  an  objed,  through  the  lens  LL  : confequently 
the  objed  will  appear  enlarged,  Inverted,  bright,  and 
diftind.  In  LL  may  be  placed  lenfes  of  different 
convexities,  which,  by  being  moved  nearer  to  the 
image  and  farther  from  It,  will  reprefent  the  objed 
more  or  iefs  magnified,  if  the  furface  of  the  fpeculum 
GH  be  of  a figure  truly  fpherical  If,  inftead  of  one 
lens  LL,  three  lenfes  be  difpofed  in  the  fame  manner 
with  the  three  cye-glaffes  of  the  refrading  Telefcope,  . 
the  objed  will  appear  ered,  but  lefs  diftind  than  when 
it  is  obferved  with  one  lens.  On  account  of  the  pofi- 
tion  of  the  eye  In  this  Telefcope,  it  is  extremely  dif- 
ficult to  dired  the  inftrument  towards  any  objed  2 ■ 
Huygens  therefore  Firft  thought  of  adding  to  it  a fmall  , 
refrading  Telefcope,  having  its  axis  parallel  to  that; 
of  the  refiedlor : . this  is  called  a Jinder  or  diredor.  The  -1 
Newtonian  Telefcope  Is  alio  furnifhed  with  a fuitable 
apparatus  for  the  commodious  ufe  of  It. 

To  determine  the  magnifyrng  power  of  this  Tele- . 
fcope,  it  is  to  be  confidc.red  that  the  plane  fpeciilurp. 
KR  is  of  no  ufe  in  this  refped  : let  us  then  fuppofe  ■ 
that  one  ray  proceeding  from  the  objed  coincides  with  . 
the, axis  GLIA  of  the  lens  and  fpeculum;  let 
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another  ray  proceeding  from  the  lower  extremity  off 
the  objed,  and  paffing  through  the  focus  I of  the  fpe-  - 
culum  KH  ; this  will  be  refleded  In  the  diredion  hid,^ 
parallel  to  the  axis  GLA,  and  failing  on  the  lens  r/L^/, . 
will  be  refraded  to  G,  Jo  that  GL  will  be  equal  to  LI,  . 
and  JG  = r/I.  To  the  naked  eye  the  objed  would-, 
appear  under  the  angle  \bt  = ^lA  ; but  by  means  of 
the  Telefcope  it  appears  under  the  angle  r/GL  = r/IL  . 
= \di:  and  the  angle  \di  is  to  the  angle  \hi  as  bl 
to  Id  ; confequently  the  apparent  magnitude  by  the 
Telefcope,  is  to  that  with  the  naked  eye,  as  the  dif- 
tance of  the  focus  of  the  fpepulum  from  the  fpeculum, 
to  the  diftance  of  the  focus  of  the  lens  from  the  lens. 

ConjlruBlon  of  the  Gregorian  Rcjleding  Telefcope.^ — 
Let  TYYT  (fig.  3,  pi.  32)  be  a brafstube,  in  which 
L/r/D  is  a metallic  concave  fpeculum,  perforated  in 
the  middle  at  X;  and  EF  a lefs  concave  mirror,  fo 
fixed  by  the  arm  orftrong  wire  RT,  which  is  moveable 
by  means  of  a long  ferew  on  theoutfide  of  the  tube,  as 
to  be  moved  nearer  to,  or  farther  from  the  larger  fpe- 
culum L/JD  ; its  axis  being  kept  in  the  fame  line  with 
that  of  the  great  one.  Let  AB  reprefent  a very  re- 
mote objed,  from  each  part  of  which  iffue  pencils  or 
raysj  as  cd^  CD,  from  A the  upper  extremity  of  th^e 
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and  IL,  /7,  from  tlie  lower  part  B ; the  rays 
IL,  CD,  from  the  extremities,  croffing  one  another 
before  they  enter  the  tube.  Thcfe  rays,  falling  upon 
the  laiger  mirror  LD,  are  reflefted  from  it  into  the 
focus  Kfi,  where  they  form  an  inverted  image  of  the 
object  AB,  as  in  the  Newtonian  Telefcope.  From 
this  image  the  rays,  iffuingas  from  anobjeft,  fall  upon 
the  fmall  mirror  EF,  the  centre  of  which  Is  at  e,  fo 
that  after'  refledion  they  would  meet  in  their  foci  at 
■QC^^rd  there  form  an  ereft  image.  But  fince  an  eye 
at  that  place  could  fee  but  a fmall  part  of  an  obje6l,  in 
order  to  bring  rays  from  more  diftant  parts  of  it  into 
the  pupil,  they  are  Intercepted  by  the  plano-convex 
lens  MN,  by  which  m.eans  a fmaller  ereft  image  is 
formed  at  PV,  which  is  viewed  through  the  menifcus 
SS,  by  an  eye  at  O.  This  menifcus  both  makes  the 
rays  of  each  pencil  parallel,  and  magnifies  the  Image 
PV.  At  the  place  of  this  image  all  the  foreign  rays 
are  intercepted  by  the  perforated  partition  ZZ.  For 
the  fame  reafon  the  hole  near  the  eye  O is  very  narrow. 
When  nearer  objefts  are  viewed  by  this  Telefcope,  the 
fmall  fpeculum  EF  is  removed  to  a greater  diftance 
from  the  larger  LD,  fo  that  the  fecond  image  may  be 
always  formed  In  PV  : and  this  didance  is  to  be  adjndcd 
(by  means  of  the  ferew  on  the  oiitfide  of  the  great 
t\ibe)  according  to  the  form  of  the  eye  of  the  fpecfator. 
It  is  alfo  neceffary  that  the  axis  of  the  Telefcope  fhould 
pafs  through  the  middle  of  the  fpeculum  EF,  and  Its 
centre,  the  centre  of  the  fpeculum  LL,  and  the  middle 
of  the  hole  X,  the  centres  of  the  lenfes  iMN,  SS,  and 
the  hole  near  O.  As  the  hole  X In  the  fpeculum  LL 
canrefledf  none  of  the  rays  Iffuing  from  the  objedf,  that 
part  of  the  image  which  correfponds  to  the  middle  of 
tlie  objecl;,  mull  appear  to  the  obferver  more  dark  and 
confufed  than  the  extreme  parts  of  it.  Befides,  the 
fpeculum  EF  will  alfo  Intercept  many  rays  proceeding 
from  the  objeft  ; and  therefore,  unlefs  the  aperture 
7'L'  be  large,  the  objedl  mull  appear  in  fome  degree 
obfeure. 

The  m.agnifying  power  of  this  Telefcope  Is  efllmatcd 
in  the  following  manner.  Let  LD  be  the  larger  mirror 
f ng.  5,  pi.  ^i),  having  its  focus  at  G,  and  aperture 
in  A;  and  EF  the  fmall  mirror  with  the  focus  of  parallel 
rays  in  I,  and  the  axis  of  both  the  fpeciila  and  lenfes 
MN,  SS,  be  in  the  right  line  DIGAOK.  Let  hh  be 
a ray  of  light  coming  from  the  lower  extremity  of  a 
• very  dillant  vifible  objedl,  palling  through  the  focus  G, 
and  falling  upon  the  point of  the  fpeculum  LD  ; which, 
after  being  reflected  from  h to  E in  a dircdllon  parallel 
to  the  axis  of  the  m.Irror  DAK,  is  refleded  by  the 

Ipeculum  F fo  as  to  pafs  through  the  focus  I In  the 

direction  FIN  to  N,  at  the  extremity  of  tlie  lens  MM, 
by  which  it  would  have  been  refradted  to  K ; but  by 
the  interpolition  of  another  lens  SS  is  brought  to  O, 
fo  that  the  eye  in  O fees  half  the  objedl  under  the  angle 
TOS.  Liic  angle  Gc^F,  or  AGZ',  under  which  the 
objedf  is  viewed  by  the  naked  eye,  Is  to  SOT  under 
wliich  it  is  viewed  by  the  Telefcope,  in  the  i-atio  of 
G^F  to  IFi  = «IN,  of  «1N  to  NK/;,  and  of  NK  « 
.4:0  SOT. 

But  G(^F  : IF/  : : I)I  : GA, 

anvl  ^^IN  : ^iKN  ;;  : «I, 

.^nd  : SOT::  TO  : TK  ; 


thereh  G3F  : SOT  : : Bl  X nK  X TO  : GA  X 
«I  X TK.  MulTchenbroek*s  Introd.  vol.  2,  p.  8 It). 

In  Refledting  Telefcopes  of  different  lengths,  a given 
objedl  wnll  appear  equally  bright  and  equally  diflindf^ 
when  their  linear  apertures,  and  alfo  their  linear  breadth;^', 
ai-e  as  the  4th  roots  of  the  cubes  of  their  lengths  ; and 
confequently  when  the  focal  dillances  of  their  eye- 
glalTes  are  alio  as  the  4tli  roots  of  their  lengths.  See 
the  demonllration  of  this  propofition  in  Smith’s  Optics^ 
art.  361. 

Hence  he  has  deduced  a rule,  by  which  he  has  com- 
puted the  following  table  for  Telefcopes  of  different 
lengths,  taking,  for  a ftandard,  the  middle  eye-glafs 
and*  aperture  of  Hadley’s  Refleding  Telefcope,  de- 
feribed  in  Fhllof.  Tranf.  number  376  and  37B  : the 
focal  dillances  and  linear  apertures  being  given  in  1 000th 
parts  of  an  Inch. 


T'able  fof'  Telefcopes  of  different  Lengths^ 


Length  of 
the  Tel.  or 
focal  dill,  of 
the  cone. 

Focal  did, 
of  the 
Eyc-glafs. 

Linear  am- 
plifying or 
magnifying 
pov\er. 

Linear  a- 
uerture  of 
the  concave 
metal. 

feet 

inches 

_ « , 

r 

inches 

i 

•z 

0-167 

3^ 

0-864 

I 

0-199 

60 

1-440 

2 

0-236 

102 

2-448 

3 

0-261 

I 38 

3*312 

4 

0-28  I 

I;  I 

4-104 

5 

0-297 

202 

4-84.3 

6 

0-311 

0 

^ J w 

5-568 

7 

0-323 

260 

6-240 

8 

0*334 

287 

6-888 

9 

0-344 

314 

7-536 

10 

0-.353 

3-10 

8-160 

1 1 

0-362 

363 

8-760 

I 2 

0-367 

390 

9-560 

^3 

0-377 

4'4 

9-936 

14 

0-384 

437 

10-488 

15 

G-391 

460 

T I 'O4O 

16 

0*397 

483 

11-592 

0-403 

506 

12-143 

Mr.  Hadley’s  Telefcope,  above  mentioned,  magni- 
fied 228  or  270  times  ; but  we  arc  informed  that  an 
objedl-metal  of  feet  focal  dillance  was  wrouglit  by 
Mr.  Hauklbee  to  fo  great  a perfedtion,  as  to  magnify 
226  times,  and  therefore  it  was  fcarcely  inferior  to 
Hadley’s  of  5 X feet,  iff  laukflaee’s  Telefcope  be  taken 
for  a new  llandard,  it  follows  that  a fpeculum  of  one 
foot  focal  diftance  ought  to  magnify  93  times,  whereai 
the  above  table  allows  It  but  60.  Now  ~ i*55» 
and  the  given  column  of  magnifying  powers  mnaltiplied 
by  this  number,  gives  a new  column,  lliewlng  how 
much  the  objedl-metals  ought  to  magnify  if  wrought  up 
to  tlie  perfedlion  of  Haukfbee’s.  x\nd  thus  a new 
table  may  be  ealily  made  for  this  or  any  other 'more 
perfedl  ftandard,  taking  alfo  the  new  eye-glafles  ^and 
apertures  in  the  fame  ratio  to  'one  another  as  the  old 
ones  have  in  this  table.  Smith’s  Cknieg,  Rem.  0,  79. 
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The  magnifying  power  of  any  Telefcope  may  be 
eafily  fonnd  by  experiment,  viz,  by  looking  with  one 
eye  through  the  Telefcope  upon  an  object  of  known 
dimenfions,  and  at  a given  ddl-ance,  and'  throwing  the- 
Image  uprin  another  objedt  ieen  with  tne  naked  eye. 
Dr.  Smith  has  given  a particular  account  of  the  piocels,. 
Rem.  p.  79. 

But  the'eafieil  method  of  rdl,  is  to  meafur.e  the 
diameter  of  the  aperture  ol  the  objecl-glafs,  and  that 
of  the  little  Image  of  it,  which  is  formed  at  the  place 
of  the  c)e.  For  the  proportion  betw^een  thefe  gives 
the  ratio  of  the  magnifying  power,  provided-  no  part 
of  the  origanal  pencil  be  intercepted  by  the  bad  con- 
llrudlioM  of  the  Telefcope. 


For  in  all  cafes  the  mag- 


pencil  wnicn  enters  tne  eye.  Jtrieilley’ 
Fli ft.  of  Light,  p.  747. 

But  the  moft  conficlerable,  and  indeed  truly  aftonifti- 
;ng  magnifying  powers,  that  have  ever  been  ufed,  arc 
ihofe  of  Dr.  FlerfclieFs  Reflecting  Telefcopes.  Some 
account  of  thefe,  and  of  tlie  difeoveries  made  by  them, 
has  been  already  introduced.,  under  the  article  Star. 
For  his  method  of  afccrtalning  them,  fee  Phllof.  Tranf. 
vol.  72,  pa.  173  &e.  See  alfo  feverai  of  the  other  late 
volumes  of  the  Bhilof,  Tranf. 

Dr.  Herfchel  obferves,  that  though  opticians  have 
proved,  that  two  eye-glaftes  will  give  a more  correef 
image  than  one,  he  has  alwmys.  (from  experience)  per- 
fifted  in  refufing  the  affiftance  of  a fecond  glafs,  which 
is  fure  to  introduce  errors  greater  than  thofe  he  would 
correft.  “ I^et  us  refign,  fays  he,  the  double  eye- 
glafs  to  thofe  who  view  objects  merely  for  entertainment, 
and  who  mull  have  an  exorbitant  field  of  view.  To 
a philofopher,  this  is  an  unpardonable  indulgence.  I 
have  tried  both  the  lingle  and  double  eye-giafs  of  equal 
powers,  and  always  found  that  the  fingle  eye-glafs  had 
much  the  fuperiority  in  point  of  light  and  diftinffnefs. 
With  the  double  eye- glafs  I could  not  fee  the  belts  In 
Saturn,  which  I very  plainly  faw  wuth  the  fingle  one. 
I would  how^ever  except  all  thofe  cafes  where  a large 
held  is  abfolutely  neceffary,  and  where  pov/er  joined  to 
diftlnclnefs  is  not  the  foie  objebl  of  our  view..’^  PhiloL. 
Tranf.  vol.  7v2,  p»  95* 

Mr.  Green  of  Deptford  has  lately  added  both  to  the 
refle£ling  and  refrafting  Telefcope  an  apparatus,  wdilcli 
fits  it  for  the  purpofes  of  furveyiiig,  levelling,  mea- 
furlng  angles  and  diftances,  &c.  See  his  Defeription 
and  life  of  the  improved  Refleffing  and  Refracting 
I’elefco^es,  and  Scale  of  Surveying  &c,  1778. — 
Mr.  Ramfden  too  has  lately  adapted  Telefcopes  to  the 
like  purpofe  of  meafuring  diftances  from  one  ftation, 


tkc. 

Meridian  Telescope,  is  one  that  is  fixed  at  right 
angles  to  an  axis,  and  turned  about  it  in  the  plane  of 
the  meridian  ; and  is  otherwife  called  a trarjit  injlr.u- 
ment. — The  common  ufe  of  it  is  to  correft  the  motion 
of  a clock  or  watch,  by  daily  obferving  the  exaft  time 
when  the  fun  or  a ftar  comes  to  the  meridian.  It  ferves 
alfo  for  a variety  of  other  ufes.  The  tranfverfe  axis  is 
placed  horizontal  by  a fpirit  level.  For  the  farther 
defeription  and  method  of  fixing  this  inftrument  by 
means  of  its  levels  &c,  fee  Smith’s  Optics,  p.  321. 
See  alfo  Transit  Infirummto 


TELESGOPICAL  $lars^  are  fuch  as. are  nut  vifibk 
to  the  naked  eye,  being  only  diicernible  by  means  of 
a telefcope.  See  Star. 

All  liars  lefs  than  thofe  of  the  6th  magnitude,  are 
Tclefcopic  to  an  ordinary  eye. 

TEMFEBAMENT,  In  Mafic,  ufually  denotes  a 
reblifyiug  or  amending  the  filfe  or  imperfedl  concords, 
by  transferring  to  them  part  of  the  beauty  of  the  per^ 
feCl  ones. 

TENACITY,  in  Natural  Fhllofophy,  is  that  qua- 
lity of  bodies  by  wdiich  they  fuftain  a conliderable 
prefture  or  force  without  breaking  ; and  is  the  oppofite 
quality  to  fragility  or  b ri  tile  ire  fs.  Mem.  Acad.  Ber- 
lin, i 745,  p.  47,. 

TENAI.ELE,  in  Fortification,  a kind  of  ontw'-ork,., 
confilting  of  two  parallel  fides,  wuth  a front,  havings 
a re-entering  angle..  In  faff,  that  angle,  and  the 
faces  which  compofe  it,  are  the  Tenailie, 

The  Tenailie  is  of  two  kinds,  Jimple  and  douhle. 

Simple  or  Singh  Tenaille,  is  a large  outwmrk, 
confiftiug  of  two  fac<es  or  fides,  including  a re-entering 
angle. 

Double^  or  Flanked  Tenaille,,  is  a large  outwork,, 
confiding  of  two  fimple  Tenailles,  or  three  faliant; 
and  two  re-entering  angles. 

The  great  defedfs  of  Tenailles  are,  that  they  take 
up  too  much  room,  and  on  that  account  are  advan- 
tageous to  the  enemy  p that  the  re-entering  angle  is-, 
not  defended  ; the  height  of  the  parapet  preventing 
the  feeing  dowui  into  it,  io  that  the  enemy  can  lodge 
there  under  cover;  and  the  fides  are  not  fufiiciently 
flanked.  For  thefe  reafons,  Tenailles  are  now  mollly 
excluded  out  of  fortiftcation  by  the  bell  engineers,  and 
never  made  but  where  time  does  not  ferve  to  form  a> 
hornwork. 

Tenaille  of  the  Place.,  is  the  front  of  the  place,, 
comprehended  betw'een  the  points  of  two  neighbouring 
baftions  ; including  the  curtain,  the  two  flanks  raifed 
on  the  curtain,  and  the  two  fides  of  the  baftions  which 
face  one  another.  So  that  the  Tenaille,  in  this  fenie,, 
is  the  fame  with  what  is  otherwufe  called  the  face  of 
fortrefs, 

Te  NAILLE  of  the  Ditch,  is  a low  work  raifed  before 
the  curtain,  in  the  middle  of  the  fofs  or  ditch  ; the 
parapet  of  which  is  only  2 or  3 feet  higher  than  the 
level  ground  of  the  ravelin. 

The  ufe  of  Tenailles  in  general,  is  to  defend  the 
bottom  of  the  ditch  by  a grazing  fire,  and  likewufe  the 
level  ground  of  the  ravelin,  wdilch  cannot  be  fo  con- 
veniently defended  from  any  other  place.  The  firft 
fort  do  not  defend  the  ditch  fo  well  as  the  others,  be- 
caufe  they  are  too  oblique  a defence  ; but  as  they  are 
not  fubjebf  to  be  enfiladed,  Vanban  has  generally  pre- 
ferred them  in  the  fortifying  of  places.  Thofe  of  the 
fecond  fort  defend  the  ditch  much  better  than  the  ftrft, 
and  add  a low  ftank  to  thofe  of  the  baftions  ; but  as 
thefe  flanks  are  liable  to  be  enfiladed,  they  have  not 
been  much  ufed.  This  defedl  however  might  be  re- 
medied, by  making  them  fo  as  to  be  covered  by  the 
extremities  of  the  parapets  of  the  oppofite  ravelins, 
or  by  fome  other  work.  And  the  fame  thing  may  be 
faid  of  the  third  fort  as  of  the  fecond. 

The  RaiFs-horn  is  a curved  Tenaille,  raifed  in  the 
fofs  before  tlie  flanks,  and  prefenting  its  convexity  to 

the 
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covered  way.  This  work  feeins  preferable  to  either 
^ of  the  other  Ten ailles,  both  on  account  of  its  hmplicity, 
and  the  defence  for  which  it  is  conilrudfed. 

TENAiLLONS,  in  fortification,  are  works  con- 
ftrndled  on  each  fide  of  the  ravelin,  much  like  tlie  lu- 
nettes, I'hey  differ,  as  one  of  the  faces  of  a Tenaillan 
is  in  the  direclion  of  the  ravelin,  whereas  that  of  the 
lunette  k perpendicular  to  it. 

TENOR,  in  IMufic,  the  fit  fl  mean  or  middle  part, 

■ or  that  winch  is  the  ordinary  pitch,  or  Tenor,  of  the 
voice, ' wlien  not  either  railed  to  the  treble,  or  lowered  ‘ 
to  the  bals. 

TENSION,  the  date  of  a thing  tight,  or  Ifretched. 
Thus,  animals  fuftarn  and  move  tliemfelves  by  the 
Tendon  of  their  mufcles  and  nerves.  A chord,  or 
firing',  gives  an  acuter  or  deeper  found,  as  it  is  in  a 
greater  or  lels  degree  of  Tendon,  that  is,  more  or  lefs 
firetched  or  tightened. 

TERM,  in  Geometry,  is  the  extreme  of  any  mag- 
nitude, or  that  which  bounds  and  limits  its  extent. 
So  the  Terms  of  a line,  are  points  ; of  a fuperdcies, 
lines  ; of  a fohd,  iiiperdcies. 

Te  RMS,  of  an  equation,  or  of  any  quantity,  in  Al- 
.gebra,  are  the  feveral  names  or  members  of  which  it  is 
compofed,  leparated  from  one  another  by  the'  dgns 
4-  or  — . So,  tile  quantity  ax  -f  ibc  — lax'^^  con- 
dds  of  the  three  T erms  av  and  2 be  and  ^nx'^. 

In  an  equation,  the  Terms  are  the  parts  which  con- 
tain the  Icveral  powers  of  the  lame  unknown  letter  or 
quantity  : for  if  the  fame  unknown  quantity  be  found 
in  feveral  members  in  the  fame  degree  or  power,  they 
fliali  pafs  but  lor  one  Term,.wdiich  is  called  a compound 
one,  in  diftindlion  from  a iimple  or  dngle  Term.  Thus, 

in  the  equation  a ^ ~ acx  =z.  the 
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four  terns  are  and  a — 3-^ . and  aex  and  ;'.of 

which  the  fecond  Term  a — is  compound,  and 

the  other  three  are  dmple  Terms. 

Terms,  of  a Produdl,  or  of  a Fradlion,  or  of  a 
Ratio,  or  of  a Proportion,  See,  are  the  feveral  quan- 
tities employed  in  forming  or  compodng  them.  Thus, 
the  Terms 

of  the  produdl  ab,  are  a and  b ‘ 

of  the  fraftion  I,  are  ^ and  8 ; 
of  the  ratio  6 to  7,  are  6 and  7 ; 
of  the  proportion  a : b ^ : g,  are  a,  b,  5,  9. 

T ERMS  are  alfo  iifed  for  the  feveral  times  or  feafonS' 
of  the  year  in  which  the  public  colleges  or  univerdtie.s, 
or  courts  of  law,  are  open,  or  dt.  duch  are  the  Ox- 
ford and  Cambridge  Terms  ; alfo  the  Terms  for  the 
courts  of  King’s-Beneb,  Common  Pleas,  and  the  Ex- 
chequer, which  are  the  high  courts  of  common  law. 
But  the  high  court  of  Pailiament,  the  Chancery,  and 
inferior  courts,  do  not  obferve  the  Terms. — The  reft 
of  the  year,  out  of  Term-time,  is  called  vacation. 

There  are  four  law  Terms  in  the  year;  viz, 

Hilary^Term,  which,  at  London,  begins  the  23d 
day  of  January,  and  ends  the  12th  of  February. 

Eajler-Tcrm , wdiicli  begins  the  3d  Wednefday  after 
Ealler-day,  and  ends  on  the  Monday  next  after  Afccn- 
don-day. 

Trinity-Term,  whicli  begins  the  Friday  next  after 
Trlnlry-Suiiday,  and  ends  the  4th  Wednefday  after 
Trinity-Sunday. 

Michaelmas-Term,  whu’ch  begins  the  6th  of  Novem* 
be^-,  and  ends  the  28tli  of  November. 

All  tliefe  terms  have  alfo  thcii  returns,  the  days  of 
which  are  exprefied  in  the  foilowdng  table  or  fynopds. 


Table  of  the  Lazv  Terms,  and  their  Returns, 


Term 

Begin. 

iff  Return 

2d  Return. 

3d  Return 

4th  Return 

5th  Return 

End . 

Hilary 

Eatler 

Trinity 

Midi. 

January  zt, 

3 Wed.af.Eaft. 
Frid.af.Tnn.S  . 
November  6 

January  20 

2 Wks.  af.Eaft. 
Trinity  Mond. 
November  3 

January  ay 
^ Wks.  af.Eaft. 

I Wk.  af.Tnn 
November  iz 

Fi'bruary  3 

4 Wks.  at.  Eall. 
2 Wks.  af.Trin 
November  18 

February  9 

5 Wks.  af.  Eaft. 

3 Wks.  af.Trin. 
November  25 

Afcenf.  day 

February  12 
Mond.  af.  Afcenf. 
4th  Wed.  af.Trin.  S. 
November  28 

N.  B.  When  the  beginning  ch'  ending  of  any  of  thefe  Terms  happens  on  a Sunday,  it  is  held  on  the  Monday  after. 


Oxford  Thefe  are  four  ; which  begin  and 

end  as  below  : 


Cambrldge-'TEK'MS,  Thefe  are  three,  as  below: 


Terms 

Begin. 

End. 

Lent  Term 
Eafter  Term 
Trinity  Term 
M.chaelmas  T. 

jaauary  14 

Wed,  af.  Lovv-Sund 
Wed.  af.  rrm.Suad. 
Odtober  to 

Sat.  bef.  Palm-Sund. 
Thurf.  bef.  Whitfuii. 
Sat.  after  the  Ad, 
December  17 

Terms 

Begin. 

End. 

Lent  Term 
Ealler  Term 
Michaelmas  T. 

January  13 

Wed.  aft.  Low-Sund. 
Odober  10 

Fl  id.bef.  Palm-Sund. 
Frid.aft.  Commence. 
December  16 

N.  B.  The  ^cl  is  ift  Monday  after  the  6th  of  July. 
—When  the  day  of  the  beginning  or  ending  happens 
®a  a Sunday,  the  Terms  begin  or  end  the  day  after. 


N.  B.  The  Commencement  is  the  ifi  Tuefday  in  July* 
— There  is  no  difference  on  account  of  the  beginning- 
or  ending  being  Sunday, 

Scoitlfls: 
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St a«;/o  Terms.  In  Scotland,  CanaumttsTerm  hf- 
- ft', ns  January  2 3d,  and  ends  February  the  1 2th.  l-VhH- 
Junti'de-Term  begins  May  25th,  and  ends 
iMnmas-Ta-m  begins  July  the  20th,  and  ends  Augull; 
the  8th.  Martinmas -term  begins  November  the  3d, 

and  ends  November  the  29th.  x,  r e. 

Iripo  Terms.  Tn  Ireland  the  Terms  are  the  lame 
as  at  London,  except  Michaelmas-term,  which  begins 
■Odoberthe  13th,  and  adjourns  to  Norember  the  30, 
and  thence  to  the  6th. 

TERMINATOR,  in  Aftronomy,  a name  iome- 
-times  given  tothecircle  of  illumination,  from  its  property 
of  terminating  the  boundaries  of  light  and  darkntis. 
TERRA,  in  Geography.  See  Earth. 

in  Geography,  is  fometimes  nfed  tor 

a continent,  in  contradiftindtion  to  iflands.  ^ 

Afia,  the  Indies,  and  South  America,  are  ufually  dii- 

■ tin Tuiilied  into  Terra-firmas  and  iflands.  ^ 

TERRAQUEOUS,  in  Geography,  an  epithet 
c-iven  to  our  globe  or  earth,  confidered  as  confifting 

■ Sf  land  and  water,  which  together  conlUtute  one  niafs. 

TERRE-plein,  or  Terre-plain,  in  rortuica- 
tion,  the  top,  platform,  or  horizontal  furface  of  the 
rampart,  upon  which  the  cannon  are  placed,  and  wdiere 
the  defenders  perform  their  of&ce.^  It  is  fo  called,  be- 
caufe  it  lies  level,  having  only  a little  flope  outwardly 
to  counteradf  the  recoil  of  the  cannon.  Its  bieadth  is 
from  24  to  30  feet;  being  terminated  by  the  parapet 
on  the  outer  fide,  and  inwardly  by  the  inner  talus. 

TERRELLA,  or  llule  earth,  is  a magnet  turned 
of  a fpherical  figure,  and  placed  fo  as  that  its  poles, 
equator,  &c,  do  exadlly  correfpond  with  thofe  oi  the 
world.  It  was  fo  firfi  called  by  Gilbert,  as  being  a 
mil  reprefentation  of  the  great  magnetic  globe  we  in- 
habit. Such  a Terrclla,  it  was  fuppofed,  if  nicely 
poifed,  and  hung  in  a meridian  like  a globe,  would  be 
turned  round  like  the  earth  in  24  hours  by  tlie  magnetic 
particles  pervading  it ; but  ejtperience  has  fliewn  that 
this  is  a millake. 

TERRESTRIAL,  fomething  relating  to  the  earth. 
As  Terreflrial  globe,  T.  erreftrial  line,  &C.  ^ _ 

TERTIAN;  denotes  an  old  meafure,  containing 
84  gallons,  fo  called  becanfe  it  is  the  3d  part  ot  a tun. 

TER'EIATE,  in  Gunnery.  To  'Eertiate  a great 
trun,  is  to  exanfine  the  thicknefs  of  the  metal  at  tne 
muzzle,  by  wbiph  to  judge  of  the  ftrength  of  the  piece, 
and  whether  it  be  fuilicientlv  fortihed  or  noc, 

TETRACHORD,  in  Mufic,  called  by  the  moderns 
z fourth,  is  a concord  or  interval  ot  four  tones,  ^The 
Tetrachord  of  the  ancients,  was  a rank  of  lour  firings, 
accounting  the  Tetrachord  for  one  tone,  as  it  is  often 

taken  in  muiic.  , , /.  • 

TETPvxADIAPASON,  or  quadruple  diapafon,  is  a 
mufical  chord,  otherwife  called  a quadruple  eighth,  or 

a nine  and-twentietb.  _ 

TETRAEORON,  or  Tetrahedron,  in  Geome- 
try, is  one  of  the  five  Platonic  or  regular  bodies  01  fo- 
lids,  comprehended  under  four  equilateral  and  equal 
triangles.  Or  it  is  a triangular  pyramid  of  four  equal 
. and  equilateral  faces. 

It  is  demonflrated  in  geometry,  that  the  fide  or  a 
Tetraedroii  is  to  the  diameter  of  its  clrcumfcribing 
fphere,  as  to  ^^3  ; confequently  they  are  incom- 
.menfurable* 


If  a denote  the  linear  edge  or  fide  or  a Tetiai^idron, 
h its  whole  fiiperficies,  c its  folidlty,  r the  radius  ofit.g 
inferibed  fphere,  and  R the  radius  of  itscircumfcnbing 
fphere  ; then  the  general  relatiqn  among  ail  thefe  is  ex- 
prefied  by  the  following  equations,  viz, 

R V’^ 
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a — 2ry^6  ; 

b =24rV3= 

c — 8Uv'3  =:/xRA/3  = A-«- 

R = 3r  = =4^\/^2yy^3 
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^ ^ K =z-^\at>po  2^V'3 

See  my  Menfuration,  pa.  24S  See,  2a  co.  -^ee  alfo 
the  articles  Regular  and  Bodies. 

TETRAGON,  in  Geometry,  a quadrangle,  or  4 
ficrure  having  Suen  as  a fquare,  a parallelo- 

gram, a rhombus,  and  a trapezium,  it  fometimes  a.-* 

fo  means  peculiarly  a fquare,  , 

Tetragon,  in  Aftrology,  denotes  an  afpeef  of  o 
planets  with  regard  to  the  earth,  when  they  aie  Gifivint 
from  eacli  other  a q^E  part  of  a circle,  or  qo  degices. 
The  Tetragon  is  expiefled  by  the  character  □ , ant*  is 
otherwife  called  a Iqnare  or  quartile  afped. 

TETRAGONIA.S,  a meteor,  whofe  head  is  of 
a quadrangular  figure,  and  its  tail  or  train  Is  long, 
thick,  and  uniform.  It  docs  not  differ  much  from 
the  meteor  called  Trahs  or  beam. 

TETRxAGONiSM,  a term  which  feme  authors 
life  to  exprefs  the  quadrature  of  the  circle,  becanfe  . 
the  quadrature  is  the  finding  a fquare  equal  to  it.  ^ 
TETRASPASTON,  in  Mechanics,  a machine  in 
which  are  four  pulleys. 

TETRASTYLE,  in  the  Ancient  Architeaure,  a 
building,  and  particularly  a temple,  with  four  columns 
in  front. 

THALES,  a celebrated  Greek  plnlofopher,  and 
the  firfi  of  the  feven  wdfemen  of  Greece,  was  born  at 
Miletnm,  about  640  years  before  Chrlft.  After  ac- 
quiring the  ufual  learning  of  his  owm  country,  be  tia- 
velled  into  Egypt  and  feveral  parts  of  Afia,  to  learn 
afironomy,  geometry,  myfiical  divinity,  natural  know- 
ledge or  philofopby,  &c.  In  Egypt  he  met  for  Um.e 
time  great  favour  from  the  king,  Amafis  ; but  he  loit 
it  aomn,  by  the  freedom  cf  his  remarks  on  the  condud 
of  Hugs,  which  it  is  faid  occafioned  his  return  Q his 
own  country,  wTere  he  communicated  the  knowledge 
lie  had  acquired  to  many  dlfciples,  among  the  principal 
of  whom  w^ere  A.naximander,  Anaximenes,  and  Pytha- 
goras, and  wms  the  author  of  the  Ionian  fed!  of  phno-j 
fophers.  He  always  however  lived  very  retired,  and  le  ^ 
fufed  the  proffered  favours  of  many  great  men.  He  was 
often  vifited  by  Solon  ; and  it  is  faid  he  took  great  plea- 
fare  in  the  converfation  of  Thrafybiilns,  wdiofe  excellent 
wit  made  him  forget  tliat  he  was  Tyrant  of  Miletuin. 

Laertius,  and  feveral  other  writers,  agree,  that  he 
was  the  father  of  the  Greek  _ philofopby  ; being  Ac 
firfi  that  made  any  refearches  into  natural  knovvieege, 
and  mathematics.  His  doctrine  wms,  that  water  was 
the  principle  of  wdnch  all  the  bodies  in  the  uinveifeaie 
compofed  ; that  the  world  was  the  wmrk  of  God;  and 
that  God  fees  the  moft  fecret  thoughts  in  the  heart  of 
man.  He  faid,  that  in  order  to  live  well,  vve  ought 

to  abftain  from  what  we  find  fiiuk  wdth  in  others : that 
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bfcdily  felicity  confids  In  health  ; and  that  of  the  mind 
hi  knowledge.  That  the  mod  ancient  of  beings  is 
God,  becaiife  he  is  uncreated  : that  nothing  is  more 
beautiful  than  the  world,  becaiife  it  is  the  work  of  God ; 
nothing  more  extenfive  than  fpace,  quicker  than  fpirit, 
dronger  than  neceffity,  wifer  than  time.  He  iifed  to 
obferve,  that  we  ought  never  to  fay  that  to  any  one 
which  may  be  turned  to  our  prejudice  ; and  that  we 
(liould  live  with  our  friends  as  with  perfons  that  may 
become  our  enemies. 

In  Geometry,  it  has  been  faid,  he  was  a confiderable 
inventor,  as  well  as  an  improver;  particularly  in  trian- 
gles. And  all  the  writers  agree,  that  he  was  the  firfl:, 
even  in  Egypt,  who  took  tiie  height  of  the  pyramids 
by  the  diadow. 

His  knowledge  and  improvements  in  aftronomy  wei*e 
very  confiderable.  He  divided  the  celeliial  fphere  into 
five  circles  or  zones,  the  ardtic  and  antardfic  circles,  the 
two  tropical  circles,  and  the  equator.  He  obferved 
the  apparent  diameter  of  the  fun,  which  he  made  equal 
to  half  a degree  ; and  formed  the  conllcllation  of  the 
Little  Bear.  He  obferved  the  nature  and  courfe  of 
eclipfes,  and  calculatt  d them  ex.i6lly  ; one  in  particular, 
memorably  recorded  by  Herodotus,  as  it  happened  on 
a day  of  battle  between  the  Medcs  and  Lydians,  which, 
Laertius  fays,  he  had ‘foretold  to  the  lonians.  And 
the  fame  author  informs  us,  that  he  divided  the  year  in- 
to 365  days.  Plutarch  not  only  confirms  his  general 
knowledge  of  eclipfes,  but  that  his  doCtiine  was,  that 
an  eclipfe  of  the  fun  is  occafioned  by  the  intervention  of 
the  moon,  and  that  an  eclipfe  of  the  moon  is  caufed  by 
the  intervention  of  the  earth. 

His  morals  were  as  jull,  as  his  mathematics  well 
grounded,  and  his  judgment  in  civil  affairs  equal  to  ei- 
ther. He  was  very  averlc  to  tyranny,  and  efteemed  mon- 
archy little  better  in  any  fhape. — Diogenes  Laertius 
relates,  that  walking  to  contemplate  the  flars,  he  fell 
into  a ditch  ; on  which  a good  old  woman,  that  attend- 
ed him,  exclaimed,  “ How  can ll  thou  know  what  is 
doing  in  the  heavens,  when  thou  feed  not  what  is  at 
thy  feet  — He  went  to  vifit  Croefus,  who  was  march- 
ing  a powerful  army  Into  Cappadocia,  and  enabled  him 
to  pafs  the  river  Halys  without  making  a bridge. 
Thales  died  foon  after,  at  above  90  years  of  age,  it  is 
faid,  at  the  Olympic  games,  where,  opprefTcd  with  heat, 
thirfl,  and  a load  of  years,  he,  in  public  view,  funk 
into  the  arms  of  his  friends. 

Concerning  his  writings,  it  remains  doubtful  whe- 
ther he  left  any  behind  him  ; at  leaft  none  have  come 
down  to  us.  Auguftine  mentions  fome  books  of  Natu- 
ral Phllofopby  ; Simplicius,  fomc  written  on  Nautic 
Aflrology  ; Laertius,  two  treatifes  on  the  Tropics  and 
Equinoxes;  and  Suldas,  a treatife  on  Meteors,  writ' 
ten  in  verfe. 

THAMMUZ,  in  Chronology,  the  lOth  month  of 
the  year  of  the  Jews,  containing  29  days,  and  anfwer- 
ing  to  our  June. 

THEMIS,  in  Aflronomy,  a name  given  by  fome  to 
the  3d  fatellite  of  Jupiter. 

THEODOLITE,  an  inftrument  much  ufed  in  fur- 
veying,  for  taking  angles,  diflances,  altitudes,  &c. 

This  inllrument  is  varloufly  made  ; different  perfons 
having  their  feveral  ways  of  contriving  it,  each  attempt- 
ing to  make  it  more  fimple  and  portable,  more  accurate 


and  expeditious,  than  others.  It  ufually  confuls  of  a 
brafs  circle,  about  a foot  diameter,  cut  in  form  of  fig, 
5,  pi.  31  ; having  its  limb  divided  into  360  degrees, 
and  each  degree  fubdivided  either  diagonally,  or  other- 
wife,  into  minutes.  Underneath,  at  rr,  are  fixed  two 
little  pillars  bh  (fig.  6),  which  fupport  an  axis,  bearing 
a telefcope,  for  viewing  remote  obje^fs. 

On  the  centre  of  the  circle  moves  the  index  C,  which 
is  a circular  plate,  having  a compafs  in  the  middle,  the 
meridian  line  of  which  aiifwers  to  the  fiducial  line  aa  ; 
at  hh  are  fixed  two  pillars  to  fupport  an  axis,  bearing  a . 
telelcope  like  the  former,  whofe  line  of  collimation  an-  - 
Ev  ers  to  the  fiducial  line  aa>  At  each  end  of  either  te- 
lefcope is,  or  may  be,  fixed  a plain  fight,  for  the  view»  - 
ing  of  nearer  objedls. 

The  ends  of  the  index  aa  are  cut  circularly,  to  fit 
the  diviiions  of  the  limb  B ; and  when  that  limb  is  dia- 
gonally divided,  the  fiducial  line  at  one  end  of  the  in- 
dex fhews  the  degrees  and  minutes  upon  the  limb.  It 
is  alfo  funiifiied  with  crofs  fpirit  levels,  for  fetting  the 
plane  of  the  circle  truly  horizontal ; and  a vertical  arch,  . 
divided  into  degrees,  for  taking  angles  of  elevation  and 
depreffion.  The  whole  inftrunient  is  mounted  with  a 
bail  and  focket,  upon  a three-legged  liaff. 

Many  Theodolites  however  have  no  telefcopes,  but 
only  four  plain  fights,  two  of  them  faffened  on  the  limb, 
and  two  on  the  ends  of  the  index.  Two  different  ones, 
mounted  on  their  fland,  are  reprei’ented  In  fig.  2 and  3, 
plate  33.  ^ ^ ‘ 

The  life  of  the  Theodolite  is  abundantly  fhewn  in  ■ 
that  of  the  femicircle,  wliich  is  only  half  a Theodo- 
lite. And  the  index  and  compafs  of  the  Theodolite 
ferve  alfo  for  a circumferentor,  and  are  ufed  as  fiich. 

The  ingenious  Mr.  Ramfden  lias  lately  made  a mofl 
excellent  Theodolite,  for  the  ufe  of  the  military  furvey 
now  carrying  on  In  England. 

TEIEODOSIUS,  a celebrated  mathematician,  who 
flourlfhed  in  the  times  of  Cicero  and  Pompey  ; but  the 
time  and  place  of  his  death  are  unknown.  This  Theo- 
dofius,  the  Tripollte,  as  mentioned  by  Suldas,  is  pro- 
bably the  fame  with  Theodofius  the  philofopher  of  By- 
thinia,  who  Strabo  fays  excelled  in  the  mathematical 
fclences,  as  alfo  his  Tons  ; for  the  fame  perfon  might 
have  travelled  from  the  one  of  thofe  places  to  the  • 
other,  and  ipent  part  of  his  life  in  each  of  them  ; like 
as  Hipparchus  was  called  by  Strabo  the  Bythinian  ; . 
but  by  Ptolomy  and  others  the  Rhodian. 

Theodofius  chiefly  cultivated  that  part  of  geome- 
try which  relates  to  the  doftrine  of  the  fphere,  con- 
cerning which  he  publifiied  three  books.  The  firll  of 
thefe  contains  22  propofitions  ; the  fecond  23  ; and  the 
tliird  14;  all  demonilrated  in  the  pure  geometrical 
manner  of  the  Ancients.  Ptolomy  made  great  ufe  of 
thele  pr'opofitions,  as  well  as  all  fucceeding  writers. 
Thefe  books  were  tranflated  by  the  Arabians,  out  of 
the  original  Greek,  into  their  own  language.  From 
the  Arabic,  the  work  was  again  tranflated  into  Latin, 
and  printed  at  Venice.  But  the  Arabic  verfion  being 
very  defedlive,  a more  complete  edition  was  publilhed 
in  Greek  and  Latin,  at  Paris  1558,  by  John  Pena,  Re- 
gius Profeffor  of  Aflronomy.  And  Vitcllo  acquired 
reputation  by  tranflating  Theodofius  into  Latin.  This 
author’s  works  were  alio  commented  on  and  illuftrated 
by  Clcivius,  Htleganius,  and  Guarinus,  and  laftly  by 
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Dc  CLalcs,  ui  Ills  CuiTiis  Matliematicus.  But  that 
edition  of  Theodofius’s  Spherics  which  is  now  moft  in 
ufe,  was  tran dated,  and publhhed,  by  our  countryman 
the  learned  Dr.  Barrow,  in  the  year  1675,  illullrated 
and  demonilrated  in  a new  and  concife  method.  By 
this  author’s  account,  Theodolius  appears  not  only 
to  be  a great  mader  in  this  more  didicult  part  of  geo- 
metry, but  the  drib  confiderable  author  of  antiquity 
who  has  written  on  that  fubjedb.  ^ 

Theodofius  too  wrote  concerning  the  Celeftial 
Houfes  ; alfo  of  Days  and  Nights;  copies  of  which, 
in  Greek,  are  in  the  king’s  library  at  Paris.  Of  which 
there  was  a Latin  edition,  publilhed  by  Peter  Dafy- 
pody,  in  the  year  1572. 

THLON,  of  Alexandria,  a celebrated  Greek  philofo- 
pher  and  mathematician,  wLo  flourifhed  in  the  4th  cen- 
tury, about  the  year  380,  in  the  time  of  Theodofius  the 
Great  ; but  the  time  and  manner  of  his  death  are  un- 
known. His  genius  and  difpofition  for  the  lludy  of 
philofophy  were  very  early  improved  by  a clofe  appli- 
cation to  lludy  ; fo  that  he  acquired  fuch  a proficiency 
in  the  fciences,  as  to  render  his  name  venerable  in  hii- 
tory  ; and  to  procure  him  the  honour  of  being  prefi- 
ident  of  the  famous  Alexandrian  fchooh  One  of  his 
pupils  was  the  admirable  Hypatia,  his  daughter,  who 
fucceeded  him  in  the  prefidency  of  the  fchool  ; a truft, 
which,  like  himfelf,'  flie  difeharged  with  the  greatell 
honour  and  ufefiilnefs.  []bee  her  life  in  its  place  in  the 
iirll  volume  of  this  Didlionary.] 

The  ftudy  of  nature  led  Theon  to  many  juft  concep- 
tions concerning  God,  and  to  many  ufeful  refledlmns  in 
the  fcience  of  moral  philofophy;  hence,  it  is  laid,  he 
wrote  with  great  accuracy  on  divine  providence.  And 
he  feems  to  have  made  it  his  Handing  rule,  to  judge 
the  truth  of  certain  principles,  or  fentiments,  from 
their  natural  cw  neceflary  tendency.  Thus,  he  fays, 
that  a full  perfuafion,  that  the  Deity  fees  every  thing 
we  do,  is  the  ftrongeft  incentive  to  virtue  ; for  he  in- 
fifts,  that  the  moft  profligate  have  power  to  refrain 
their  hands,  and  hold  their  tongues,  when  they  think 
they  are  obferved,  or  overlieard,  by  fome  perion  whom 
they  fear  or  refped.  With  how  much  more  reafon 
then,  fays  he,  (liould  the  apprehenfion  and  belief,  that 
God  fees  all  things,  reftrain  men  from  fin,  and  con- 
ftantly  excite  them  to  their  duty  ? He  alfo  reprefents 
this  belief,  concerning  the  Deity,  as  produdlive  of  the 
greateft  pleafure  imaginable,  efpecially  to  the  virtuous, 
who  might  depend  with  greater  confidence  on  the  favour 
and  protedlien  of  Providence.  For  this  reafon,  he 
recommends  nothing  fo  much  as  meditation  on  the  pre- 
fence of  God  ; and  he  recommended  it  to  the  civil  ma- 
giftrate,  as  a reftraint  on  fuch  as  were  profane  and 
wicked,  to  have  the  following  infeription  written,  in 
large  charadlers,  at  the  comer  of  every  ftreet  ; God 
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Theon  wrote  notes  and  commentaries  on  fome  of  the 
ancient  mathematicians.  He  compofed  alfo  a book,  en- 
titled Progy7nnafmata^  a rhetorical  work,  written  with 
great  judgment  and  elegance  ; in  which  he  criticifed  on 
the  writings  of  fome  illuftrioiis  orators  and  hiftorians  ; 
pointing  out,  with  great  propriety  and  judgment,  their 
beauties  and  imperfedtions  ; and  laying  down  proper 
rules  for  propriety  of  ftyle.  He  recommends  concife- 
mefS:Of  expreflion,  and  perlpicuity,  as  the  principal  orna- 
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ments.  This  book  was  printed  at  Bafte,  in  the  year  1741; 
but  thebeft  edition  is  that  of  Leyden,  in  1626,  in  8vo. 

THEOPHRASTUS,  a celebrated  Greek  philqfo- 
pher,  was  the  fon  of  Melanthus,  and  was  born  at 
Eretus  in  Beeotia.  Fie  was  at  firft  the  difciple  of  Lu« 
cippus,  then  of  Plato,  and  laftly  of  Ariilotle  ; whom 
he  fucceeded  in  his  fchool,  about  the  3 2 2d  year  before 
the  Chrlllian  era,  and  tauglit  philoiophy  at  Athens 
with  great  applaufe. 

lie  faid  of  an  orator  without  judgment.  that  he 
was  a horfe  without  a bridle.”  rie  iifed  alfo  to  fay, 

“ There  is  nothing  fo  valuable  as  time,  and  thofe  who 
lavidi  it  are  the  moft  inexcufable  of  all  prodigals.” — 
He  died  at  about  100  years  of  age. 

Theophraftus  wrote  many  works,  the  principal  of 
which  are  the  following — I.  An  excellent  moral  trea- 
tife  entitled,  Characters,  which,  he  fays  in  the  preface, 
he  compofed  at  99  years  of  age.  Ifaac  Cafaiibon  has 
written  learned  commentaries  on  this  ftnall  treatife.  It 
has  been  tranflated  from  the  Greek  into  French,  by 
Bruyere  ; and  it  has  alfo  been  tranflated  into  Englifh.-- 
2.  A curious  treatife  on  Plants. — 3.  A treatife  on  foffils 
or  Hones  ; of  which  Dr.  liill  has  given  a good  edition^ 
with  an  Englifh  tranflation,  and  learned  notes,  in  8vo. 

THEORFfM,  a propofttlon  wliich  terminates  in 
theory,  and  which  confidets  the  properties  of  things 
already  made  or  done.  Or,  a Theorem  is  a fpeculative 
propofition,  deduced  from  fevcral  definitions  compared 
together.  Thus,  if  a triangle  be  compared  with  a. 
parallelogram  ftanding  on  the  fame  bafe,  and  of  the 
fame  altitude,  and  partly  from  tl^eir  immediate  dcfini- 
-tions,  and  partly  from  other  of  their  properties  already 
determined,  it  is  inferred  that  the  parallelogram  is  dou- 
ble the  triangle  ; that  propofition  is  a Theorem. 

Theorem  Hands  contradifiiriguifhed  from  problem, 
which  denotes  fomething  to  be  done  or  conftruUed,  as 
a Theorem  propofes  fomething  to  be  proved  or  de- 
mon ftrated. 

There  are  two  things  to  be  chiefiy  regarded  in  every 
Theorem,  viz,  the  propofition,  and  the  demonftration. 
In  the  firft  is  exprefled  what  agrees  to  fome  certain 
thing,  under  certain  conditions,  and  what  does  not.  In 
the  latter,  the  reafons  are  laid  down  by  which  the  uh- 
derftandmg  comes  to  conceive  that  it  does  or  does 
not  agree  to  it. 

Theorems  are  of  various  kinds  : as, 

Umverfal  I’heorem,  is  that  which  extends  to  any 
quantity  without  reftridlion,  univerfaliy.  As  this,  that 
the  redtangle  or  produbf  of  the  fum  and  difference  of 
any  two  quantities,  is  equal  to  the  difterence  of  their 
fquares.  . 

Particular  Theorem,  is  that  which  extends  only  to 
a particular  quantity.  As  thm,  in  an  equilateral  recti- 
linear triangle,  each  angle  is  equal  to  60  degrees. 

Theorem,  is  that  which  expreffes  the  Im- 
poffibility  of  any  affertion.  As,  that  the  fum  of  two 
biqnadrate  numbers  cannot  make  a fquare  number. 

A.or-^/THEO R EM  is  that  which  relates  to  a furface.  As, 
that  triangles  of  the  faimc  bale  and  altitude  are  equa-h 
Plane  Theorem,  is  that  which  relates  to  a (urface 
that  is  either  recliilinear  or  bounded  by  the  circumfer- 
ence of  a circle.  Ais,  that  all  angles  in  the  fame  feg- 
meat  of  a circle  aie  equal. 

^Jid  Theorem,  k that  which- confideis  a fpace  ter- 
minated 
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iVilnated  by  a folici  line  ; that  is,  by  any  of  the  three  conic 
febtions.  As  this,  that  if  a right  line  cut  two  afyinp- 
totic  parabolas,  its  two  parts  terminated  by  them  fhall 
be  equal. 

Reciprocal  is  one  whofe  coaverfe  is  true. 

As,  that  if  a triangle  have  two  fides  equal,  it  has  alfo 
two  angles  equal : the  converfe  of  which  is  likewife 
true,  viz,  that  if  the  triangle  have  two  angles  equal,  it 
has  alfo  two  fides  equal. 

THEORY,  a doclrine  which  terminates  in  the 
foie  fpeculation  or  coiifideration  of  its  objedt,  with- 
out any  view  to  the  practice  or  application  of  it. 

To  be  learned  in  an  art,  &c,  the  Theory  is  fufficicnt; 
to  be  a mailer  of  it,  both  the  Theory  and  practice  are 
reqnilite. — Machines  often  promife  very  well  in  Theory, 
but  fail  in  the  pradl ice. 

VvT  fay  Theory  of  the  moon,  Theory  of  the  rain- 
bow, of  the  microfcope,  of  the  camera  obfcura,  5cc. 

Theories  the  Planets^  &c,  are  fyllems  or  h^-po- 
thefes,  according  to  which  the  allronomers  explain 
the  reafons  of  the  phenomena  or  appearances  of 
them. 

THERMOMETER,  an  inll  riiment  for  meafuring 
the  temperature  of  the  air,  &c,  as  to  heat  and  cold. 

The  Thermometer  and  thermofcope  are  iifually  ac- 
counted the  fame  thing.  But  Wolfius  makes  a differ- 
ence ; and  he  alfo  fliews  that  what  we  call  Thermome- 
ters, are  really  no  more  than  thermofeopes. 

The  invention  of  the  Thermometer  is  attributed  to 
feveral  perfons  by  different  authors,  viz,  to  Sandtorio, 
Galileo,  father  Paul,  and  to  Drebbel.  Thus,  the  in- 
Yention  is  aferibed  to  Cornelius  Drebbel  of  Alcmar, 
about  the  beginning  of  the  17th  century,  by  his  coun- 
trymen Boerhaave  (Chem.  i,  pa.  152,  156),  and  Muf- 
fchenbroeck  (Introd.  ad  Phil.  Nat.vol.  2,  pa.  625). — - 
Ftilgenzio,  in  his  Life  of  father  Paul,  gives  him  the 
honour  of  the  firll  difeovery. — Vincenzio  Viviani  (Vit. 
del’Galil.  pa.  67  ; alfo  Oper.  di  Galil.  pref.  pa.  47) 
fpeaks  of  Galileo  as  the  inventor  of  Thermometers, — 
But  Sandlorino  (Com.  in  Galen.  Art.  Med.  pa.  736, 
842,  Com.  in  Avicen,  Can.  Fen.  I,  pa.  22,  78,  219) 
exprefsly  affumes  to  himfelf  this  invention  : and  Borclli 
(De  Mot.  Animal:  2,  prop.  175)  and  Malpighi  (Oper. 
Pollh,  pa.  30)  aferibe  it  to  him  without  referve.  Upon 
which  Dr.  Martine  remarks,  that  thefe  Florentine  aca- 
demicians are  not  to  be  fufpedted  of  partiality  in  favour 
of  one  of  the  Patavinian  fchool. 

But  whoever  was  the  firff  inventor  of  this  inhrument, 
it  was  at  firff  very  rude  and  imperfccl ; and  as  the  va- 
rious degrees  of  heat  were  Indicated  by  the  different 
contradlion  or  expanfion  of  air,  it  was  afterwards  found 
to  be  an  uncertain  and  fometimes  a deceiving  rneafure 
of  heat,  becaufe  the  bulk  of  the  air  was  affeUed,  not 
only  by  the  difference  of  heat,  but  alfo  by  the  variable 
weight  of  the  atmofphere. 

There  are  various  kinds  of  Thermometers,  the  con- 
ffrudlion,  defedls,  theory,  &c,  of  which,  are  as  fol- 
io w'. 

The  Air  Thermometer. — This  inftrument  de- 
pends on  the  rarefafllon  of  the  air.  It  confiffs  of  a 
glafs  tube  BE  (fig.  i,  pi.  34)  conneHed  at  one  end 
with  a large  glafs  ball  A,  and  at  the  other  end  im- 
merfed  in  an  open  veffel,  or  terminating  in  a ball  DE, 
with  a narrow , orifice  at  D j which  veffel,  or  ball, 
VoL.  II. 


contains  any  coloured  liquor  that  wn’li  not  eafily  freeze. 
Aquafortis  tinged  of  a fine  blue  colour  wnth  foliition  of 
vitriol  or  copper,  or  fpirit  of  wine  tinged  with  cochi- 
neal, will  anfwer  thispurpofe.  But  the  bail  A muff  be 
firff  moderately  warmed,  fo  that  a part  of  the  air  con- 
tained in  it  may  be  expelled  through  tire  oiifice  D ; and 
then  the  liquor  preffed  by  the  weight  of  the  atmofpheve  , 
will  enter  the  ball  DE,  and  rife,  for  example,  to  the 
middle  of  the  tube  at  C,  at  a mean  temperature  of  the 
weather;  and  in  this  ffate  the  liquor  bv  its  weight,  and 
the  ^ir  included  in  the  ball  and  tube  ABC,  by  its  claffi- 
city,  will  counterbalance  the  weight  of  the  atmofphere. 
As  the  furrounding  air  becomes  wanner,  the  air  iu 
the  ball  and  the  upper  part  of  the  tube,  expanding  by 
heat,  will  drive  the  liquor  into  the  lowerball,  and  con- 
fequently  its  furfiice  wid  delcend  ; on  the  contrary,  ar< 
the  ambient  air  becomes  colder,  that  in  the  ball  Is  con- 
denfed,  and  the  liquor,  preffed  by  the  weight  of  the  at- 
mofphere,  will  afceiid  : fo  that  the  liquor  in  the  tube 
will  afeend  or  defeend  more  or  Ids,  according  to  the 
ffate  of  the  air  contiguous  to  the  inffrument.  To  the 
tube  is  affixed  a fcale  of  the  fame  length,  divided  up- 
wards and  downwards,  from  the  middle  C,  Into  100 
equal  parts,  by  rfleans  of  which  may  be  obferved  the 
afeent  and  defeent  of  the  liquor  in  the  tube,  and  con- 
fequently  the  variations  alfo  in  the  temperature  of  the 
atmofphere. 

A ilmilar  Thermometer  may  be  conffrudted  by  put- 
ting a finall  quantity  of  mercury,  not  exceeding  the 
bulk  of  a pea,  into  the  tube  BC  (fig.  4,  pb33),  bent 
into  wreaths,  that  taking  up  the  lefs  height,  it  may  be 
the  more  manageable,  and  lefs  liable  to  harm  ; divide 
this  tube  Into  any  number  of  equal  parts  to  ferve  for  a 
fcale.  Here  the  approaches  of  the  mercury  towards 
the  ball  A will  ffrew  the  increafe  of  the  degree  of  heat. 
The  reafon  of  which  is  the  fame  as  iu  the  former. 

The  defecl  of  both  thefe  iiiffruments  conhffs  in  this, 
that  they  are  liable  to  be  aded  on  by  a double  caufe  : 
for,  not  only  a decreafeof  heat,  but  alfo  an  increafe  of 
weight  of  the  atmofphere,  will  make  the  liquor  rife  in 
the  one,  and  the  mercury  in  the  other ; and,  on  the 
contrary,  either  an  increafe  of  heat,  or  decreafe  of  the 
weight  of  the  atmofphere,  will  caule  them  to  de- 
feend. 

For  thefe,  and  other  reafons,  Thermometers  of  this 
kind  have  been  long  difufed.  However,  M.  Amon- 
tons,  in  1702,  with  a view  of  perfeding  the  aerial 
Thermometer,  contrived  liis  Univerfal  Thennomstcr, 
Finding  that  the  changes  produced  by  heat  and  cold  in 
the  bulk  of  the  air  were  lubjed  to  invincible  irregula- 
rities, lie  UibRItuted  for  thefe  tiie  variations  produced 
by  beat  in  the  claliic  Force  of  this  ffuid.  This  Ther- 
mometer confilled  of  a long  tube  of  glafs  (fig.  3,  pi.  34) 
open  at  one  end,  and  recurved  at  the  other  end,  which 
terminated  in  a ball.  A certain  quantity  of  air  was 
compreffed  into  this  ball  by  the  weight  of  a column  of 
mercury,  and  alfo  by  the  weight  of  the  atmofphere. 
The  cffe6t  of  heat  on  this  included  air  was  to  make  it 
fuftain  a greater  or  lefs  weight ; and  this  effed  was 
mcafured  by  the  variation  of  the  column  of  mercury  in 
the  tube,coiTeded  by  that  of  the  barometer, with  refped 
to  the  changes  of  the  weight  of  the  external  air.  This 
inftrument,  though  much  more  perfed  than  the  former, 
is  nevertbelefs  fubjed  to  very  confiderable  defeds  and 
4 ^ ' incon- 
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inconveniences.  Us  lenp-th  of  4 feet  renders  it  unfit 
for  a variety  of  experiments,  and  its  conftrudtion  is 
didicult  and  complex  : iris  extremeljr  inconvenient  for 
carriage,  as  a very  Imali  inclination  of  tlie  tube  would 
fuifer  the  included  air  to  efcape  : and  the  fridiion  of 
the  mercury  in  the  tube,  and  the  comprefiibility  of  the 
air,  contribute  to  render  the  indications  of  this  inftru- 
ment  extremely  uncertain.  Befides,  the  dilatation  of 
the  air  is  not  fo  regularly  proportional  to  its  heat,  nor 
is  its  dilatation  by  a given  lieat  nearly  fo  uniform  as 
he  ruppofed.  This  depends  much  on  its  moillure  ; for 
dry  air  does  not  expand  near  fo  much  by  a given  heat, 
as  air  ilored  with  watery  particles.  For  thefe,  and 
other  reafons,  enumerated  by  De  Luc  (Rcclierches 
furies  Mod.  de  TAttno.  tom.  i,  pa.  27S  &c),  this  in* 
ftriiment  was  imitated  by  very  few,  and  never  came  in- 
to weneral  ufe. 

Of  l/je  Florentine  Th  ermomete?i. — -The  academifls 
del  Cimento,  about  the  middle  of  tlie  i 7lh  century, 
coiifidcring  the  inconveniencies  of  the  air  Thermome- 
ters above  deicribed,  attempted  another,  that  fnoiiid 
meafure  heat  and  cold  by  the  rarefaction  and  condenfa- 
tioTi  of  i'piritof  wine  ; though  much  lefs  than  thofe  of 
air,  and  conlequently  the  alterations  ixi  the  degree  of 
heat  likely  to  be  much  lefs  fenfible. 

The  Ipirit  of  wine  coloured,  was  included  in  a very 
fine  and  cylindrical  glafs  tube  (fig.  2,  pi.  34),  exhaufted 
of  its  air,  liavinga  hollow  bail  at  one  end  A,  and  herme- 
tically fealed  at  the  other  end  D.  The  ball  and  tube 
are  filled  with  rectified  fpirit  of  wine  to  a convenient 
height,  as  to  C,  when  the  weather  is  of  a mean  tem- 
perature, which  may  be  done  by  inverting  the  tube  in- 
to a veffel  of  ftagnant  coloured  fpirit,  under  a receiver 
of  the  air-pump,  or  in  any  other  way.  When  the 
thermometer  is  properly  filled,  the  end  D is  heated 
red  hot  by  a lamp,  and  then  hermetically  fealed,  leav- 
ing the  included  air  of  about  | of  its  natural  denfity, 
to  prevent  the  air  which  is  in  the  fpirit  from  dividing  it 
in  its  expanfion.  To  the  tube  is  applied  a fcale,  di- 
vided from  the  middle,  into  100  equal  parts,  upwards 
and  downwards. 

Now  fpirit  of  wine  rarefying  and  condenfing  very 
considerably  ; as  the  heat  of  the  ambient  atmofphere 
increafes,  the  fpirit  will  dilate,  and  fo  afeend  in  the 
tube  ; and  as  the  heat  decreafes,  the  fpirit  will  de- 
icend  ; and  the  degree  or  quantity  of  the  motion  will 
be  fhewn  by  the  attached  fcale. 

Thefe  Thermometers  could  not  be  fubjed  to  any  in- 
convenience by  an  evaporation  of  the  liquor,  or  a va- 
riable gravity  of  the  incumbent  atmofphere.  Inftru- 
ments  of  this  kind  were  firft  introduced  into  England 
by  Mr.  Boyle,  and  they  foon  came  into  general  ufe 
among  philofophers  in  other  countries.  They  are  how- 
ever fubjeCt  to  confiderable  inconveniences,  from  the 
v/eight  of  the  liquor  itfelf,  and  from  the  elatticity  of  the 
air  above  it  in  the  tube,  both  which  prevent  the  free- 
dom of  its  afeent  ; befides,  the  rarefafitions  are  not 
exadly  proportional  to  the  furrounding  heat.  More- 
over fpirit  of  wine  is  incapable  of  bearing  very  great 
heat  or  very  great  cold  : it  boils  fooner  than  any  other 
liquor  ; and  therefore  the  degrees  of  heat  of  boiling 
tiuids  cannot  be  determined  by  this  Thermometer.  And 
though  it  retains  its  fluidity  in  pretty  fevere  cold,  yet  it 
feems  not  to  condenfe  very  regularly  in  them  : and  at 
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d orneao,  near  the  polar  circle,  the  winter  cold  was  fo. 
fevere,  as  Maupertnis  '.iforms  us,  that  the  fpirits  were 
frozen  in  all  their  Thermometers.  So  that  the  degrees 
of  heat  and  cold,  which  Ipirit  of  wine  is  capable  of 
indicating,  is  much  too  limited  to  be  of  very  great  or 
general  ufe. 

Another  great  defeA  of  thefe,  and  other  Thermome- 
ters, is,  that  their  degrees  can  nob  be  compared  with, 
each  other.  It  is  true  they  mark  the  variations  of  heat 
and  cold  ; but  each  marks  for  itfelf,  and  after  its  own 
manner  ; becaufe  they  do  not  proceed  from  any  point 
of  temperature  that  is  common  to  all  of  them. 

From  thefe  and  various  other  imperfetdions  in  thefe 
Thermometers,  it  happens,  that  the  comparlfons  of 
them  become  fo  precarious  and  defedive  ; and  yet  the- 
mofl  curious  and  interefting  ufe  of  them,  is  what  ought 
to  arife  from  fuch  comparifon.  It  is  by  this  we  fiioulcl 
know  the  heat  or  cold  of  another  fealon,  of  another 
year,  another  climate,  &c  ; and  what  is  the  greateif. 
degree  of  heat  or  cold  that  men  and  other  animalSi 
can  fubfill  in. 

Reaumur  contrived  a new  Thermometer,  in  whicR 
the  inconveniences  of  the  former  are  propofed  to  be  re» 
medied.  tie  took  a large  ball  and  tube,  the  content 
or  dimenfions  of  which  are  kno'vn  in  every  part  ; liO; 
graduated  the  tube,  fo  that  the  fpace  from  one  divifioii; 
to  another  might  contain  a loooth  part  of  the  liquor^, 
which  liquor  would  contam  1000  parte  when  it  Itood 
at  the  freezing  point  ; then  putting  the  ball  of  hia 
Thermometer  and  part  of  the  tube  into  boiling  w'^ater,, 
he  obierved  whether  it  rofe  80  divifions  : if  it  exceed- 
ed thefe,  he  changed  his  liquor,  and  by  adding  water 
lowered  it,  till  upon  trial  it  fliouldjuft  rife  80  divifions 
or  if  the  liquor,  being  too  low,  fed  fhort  of  80  di  ;ifion=,, 
he  raifed  it  by  adding  redlified  fpirit  to  it.  The  liquor 
thus  prepared  fuited  hi'^  purpofe,  and  feived  tor  making 
a Thermometer  of  any  iize,  whofe  fcale  would  agree 
with  his  llandard.  Such  liquor,  or  fpirits,  being  about 
the  ftrength  of  common  brandy,  may  eafily  be  had 
any  where,  or  made  of  a proper  degree  of  denfity  by 
raifing  or  lowering  it. 

I he  abbe  Nollet  made  many  excellent  Thermome- 
ters upon  Reaumur’s  principle.  Dr.  Martine  how^ever 
expreffeshis  apprehenfions  that  Thermometers  of  this 
kind  cannot  admit  of  fuch  accuracy  as  miglit  be  wifli- 
ed.  The  balls  or  bulbs,  being  large,  as  3 or  4 inches, 
in  diameter,  are  neither  heated  nor  cooled  foon  enough 
to  fhew  the  variations  of  heat.  Small  bulbs  and  fmall- 
tubes,  he  fays,  are  much  more  convenient,  and  may 
be  conflrudfed  wdth  fufficient  accuracy.  Though  it 
miift  be  allow’ed  that  Reaumur,  by  his  excellent  fcale, 
and  by  depriving  the  fpirit  of  its  air,  and  expelling  the 
air  by  means  of  heat  from  tlie  ball  and  tube  of  his  Ther- 
mometer, has  brought  it  to  as  much  perfedfion  as  may 
be  ; yet  it  is  liable  to  fome  of  the  inconveniences  of 
fpirit  R hermometers,  and  is  mucii  inferior  to  mercu“ 
rial  ones.  Fhefe  two  kinds  do  not  agree  together  in 
indicating  the  fame  degrees  of  intenfe  cold  ; for  when 
the  mercury  has  flood  at  2 2*=  below  o,  the  fpirit  indi- 
cated only  j8°,  and  v/hen  the  mercury  flood  at  28°  or 
37^below^  o,  the  fpirit  refled  at  25°  or  29°.  See  the 
defeription  of  Reaumur’s  Thermometer  at  large  in 
Mem.  de  I’Acad.  des  Scienc.  an.  1730,  pa.  645,  Hifl. 
pa.  15.  Ib.an.  1731,  pa,  354,  Hifl.  pa.  7. 
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ant  circuir.Oance  1.1  the  conftniaion  of  Thennomctevs 


' yji  X IICI  illULllfLCrr  s. 

to  procure  a fluid  that  meafures  equal  variations  of  heat 

' its  own  bulk:  and 

the  fluid  M-nich  poirefles  this  effential  requinte  in  llie 
mofl  peifea  degree,  is  mercury  : tlie  variations  in  its 
bulK  approachuig  nearer  to  a proportion  with  the  cor. 
rei ponding  variations  of  its  heat,  than  any  other  fluid. 
Lehdes,  It  IS  the  mod  eafy  to  purge  of  its  air;  and  is 
alfo  the  mod  proper  for  meafunng  very  confiderable  va- 
riations o^  leat  and  coid,  as  it  will  bear  more  cold  be- 
fore ireezmg,  and  more  heat  before  boiling,  than  any 
other  fiuiQ.  Mercury  is  alfo  more  fenflble  than  any 
othca  fluid,  air  excepted,  or  conforms  more  fpeedilv  to 
the  feveral  variations  of  heat.  Moreover,  as  mercury  is 
an  ..otnopneoLis  fluid,  it  will  in  every  Thermometer 
exuibitthe  fame  dilatation  or  condenfation  by  the  fame 
variations  of  heat.. 

Dr.  Halley,  though  apprized  only  of  fome  of  the 
renwrkable  properties  of  mercury  above  recited,  feems 

fiig-g-eded  the  application  of 
this  nmd  to  the  conflruclion  of  Thermometers.  Philof. 
Irani.  Abr.  vol.  2,  pa.  3:*. 

. ^^o^’^'l^aave  (Chem.  i,  pa.  720)  favs,  thefe  mercu- 
iiai  i hermometers  vrere  fii  fl  contrived  by  Olaus  Roe- 
nier;  but  the  claims  of  Fahrenheit  of  Amlterdam, 
twiogavean  account  of  his  invention  to  the  Royal  So- 
ciety ill  1724,  (Philof.  Tranf.  num.  381,  or  xAbr. 
vol.  7 pa,  4g)  have  been  generally  allowed.  And 
though  I nils  and  others,  in  England',  Holland,  France, 
and  otner  countries,  have  made  this  inflrument  as  well 
as  lahrenhcit,  mod  of  the  mercurial  Thermometers 

to  'liis  fcale,  and  are  called 

Fahrenheit  j-  Thermometers, 

TIk-  cone  or  cylinder,  which  thefe  Thermometers 
are  often  made  wdth,  inftead  of  the  ball,  is  made  of 
glals  of  a moderate  thicknefs,  lell,  when  the  exhaufled 
pbe  ,s  hermetically  fealed,  its  internal  capacity  (hould 
be^  dimnnflted  by  tlis  weight  of  the  ambient  atmo- 
ipneie.  V lien  the  mercury  is  thoronglily  purged  of 
us  air  and  moifture  by  boiling,  the  Thermometer  Is 
blled  n-ith  a fufhcient  quantity  of  it ; and  before  the 
nibe  13  hermetically  fealed,  the  air  is  wholly  expelled 
b-ora  It  byUieatingthe  mercury,  fo  that  it  may  be  rare- 
lied  and  afeend  ta  the  top  of  the  tube.  To  the  fide  of 
ye  tubcMS  annexed  a fcale  (6g.  3,  pi.  34),  wl.lch  Kali- 
renheitdividy  into  600  parts,  beginning  with  tliat  of 
the  levere  coid  which  I,e  liad  obferved  in  Iceland  in 
1709,  or  that  produced  by  fnrronnding  tlic  bulb  of  the 
dnermometer  witii  a mixture  of  fnow  or  beaten  Ice 
and  iai  ammoniac  or  fea  fait.  I’liis  he  apprehended  to 
e t le  greattfl  degree  or  cold,  and  accordinn-ly  he 
marked  ttiis,  as  tlie  beginning  of  his  fcale,  wfth  o ; 
tlm  pomt  at  winch  mercury  begins  to  boil,  he  conceiv- 
ed  to  (hevr  t he  greatelt  degree  of  heat,  and  this  he  made 
tne  limit  of  ins  fcale.  The  di.dance  between  thefe  two 
points  he  divUed  into  6co  equal  parts  or  degrees  : and 

• 4'n  ^ ^ freezing  point,  when  water 

jult  begins  to  freeze,  or  fnow  or  ice  iuh  begins  to  thaw, 
pat  the  mercury  Hood  at  32  of  tliefe  dlvifions,  there- 
fore ca^d  tlie  degree  of  the  freezing  point ; and  when 
tne  tube  was  immerled  in  boiling  water,  the  mercury 
rofeto  212,  which  therefore  is  the  boiling  point,  and  is 
jult  180  degrees  above  the  former  or  freezing  point. 


Put  the  prefent  method  of  making  t.he  fcale  of  thefe 
inermometers,  which  is  the  fort  in  moll  common  ufe, 
IS  hrfl  to  immerge  the  bulb  of  the  Thermometer  in  ice 
or  lnow  |iift  beginning  to  thaw,  and  mark  the  place 
where  tlie  mercury  Hands  with  a jz  ; then  immerge  it 
in  boiling  water,  and  again  mark  the  place  wliere  the 
mercury  Hands  in  the  tube,  which  mark  with  the  num. 
2I2,_  exceeding  tlic  former  by  180  ; dividinp-  therefore 
the  intermediate  fpace  into  180  equal  parts,  will  -rne 
theicaieot  the  Thermometer,  and  which  may  after- 
wards be  continued  upwards  and  downwards  at  plea- 
lure.  ^ 

Other  Thermometers  of  a flmilar  conflruaion  have 
ecu  accommodated  to  common  ufc,  having  but  a oor- 
tion  of  the  above  fcale.  They  have  been  made  of  a 
Imail  lize  and  portable  form,  and  adapted  wirh  aupen- 
flages  to  particular  purpofes  ; and  the  tube  with  its  an- 
nexed  Icale  lias  often  been  enclofed  in  another  thicker 
gkifs  tube,  aifo  hermetically  fealed,  to  preferve  the 
1 nermometer  from  injury.  And  all  thefe  are  called 
r ahrenhcit  s Thermometers . 

In  173.?:  M-  IVterfliurgh  con(lr«aed  a 

meicnrial  Iherraometer  (fee  fig.  3,  pi.  34,1,  <>11  tlie 

principles  of  Reaumur’s  fplrit  Thermometer.  In  his 

Thermometer,  the  whole  bulk  of  qiiickfilver,  when 
immerged  111  boiling  water,  is  conceived  to  be  divided 
into  100,000  parts;  and  from  this  one  fixed  point  the 
varions  degrees  of  heat,  either  above  or  below  it,  arc 
marked  in  tliefe  parts  on  the  tube  or  fcale,  by  the  various 

expanhon  or  contraaion  of  the  quickfilver  in  all  ima- 
ginao  e varieties  of  heat.— Ur.  Marline  apprehends  it 
would  have  been  better  if  Ue  I’Hle  iiad  made  the  inte- 
ger  100,000  parts,  or  hxed  point,  at  freezino-  water, 
and  from  thence  computed  the  dilatations  or  condenfa- 
tions  of  the  qnickfilver  in  thofe  parts  ; as  all  the  com- 
mon oblervanons  of  the  weather,  &c,  would  have  been 
expreheci  by  numbers  incrcafing  as  the  heat  iiicreafed, 
initead  of  decreafing,  or  counting  the  contrary  way. 
Eiowever,  in  pradice  it  will  not  he  very  eafy  to  dc- 
tennine  exadly  all  the  divifions  fiom  the  alteration  of 
the  bulk  of  the  contained  fluid.  And  befides,  as  glafs 

^ though  in  a lefs  propoition 

than  quickfilver,  it  is  only  the  excefs  of  the  dilatation 
of  the  contained  fluid  above  thac  of  the  glafs  that  iu 
obferved  ; and  therefore  if  different  kinds  of  glafs  be 
1 icrently  affecled  by  a given  degree  of  heat,  this  will 
make  a feeming  difference  in  the  dilatations  of  the 
quickfilver  in  the  Thermometers  conflruded  in  the 
INewtonian  method,  either  by  Reaumur’s  rules  or  De 
ll/ies.  Accordingly  it  has  been  found,  that  the 
quickiilvfcT  in  De  Flfle’s  I'herraometers,  has  flood  at 
cliflerent  degrees  of  the  fcale  when  immerged  in  thawino- 

now  : having  flood  in  fome  at  1 54°,  while  in  others  it 
lias  been  at  1 36  or  even  i 3 S'’. 

Metallic  i H E R MOMETER. — This  is  a name  given  to 
a machine  compofed  of  two  metals,  which,  vvhilih  it 
indicates  the  vaiiations  of  heat,  ferves  to  corred  tlie 
errors  hence  refulting  111  tlie  going  of  pendulum  clocks 
and  vyatches.  Inftruments  of  this  kind  have  been  con- 
trived by  Graham,  Le  Roy,  Ellicot,  Harrifon,  and 
other  eminent  artificers.  See  the  Philof.  Tranf.  vol.  44 
pa.  689,  and  vol.  47,  pa.  129,  and  vol.  cr,  pa.  *8^’ 
where  the  particular  deferiptions  c^c  may  be  feen.  ^ 

M.  De  Luc  has  likcwife  deferibed  two  Thermometers 

of 
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of  metal,  wliiehlie  iifes  for  corre6ling  the  effects  of  heat 
upon  a barometer,  and  an  hygrometer  of  his  conftruc- 
tion  connedled  with  them.  See  Philof.  Ti'anf.  vol.  68, 

p.  43  7. 

0^7  Thermometers.— To  this  clafs  belongs  Tew- 
tords  Thermometer,  conftructed  in  with  linfced 

oil,  indead  of  fpint  of  wine.  This  fluid  has  the  ad- 
vantage of  being  fufliciently  homogeneous,  and  capa- 
ble of  a confiderable  rarefadtion,  not  lefs  than  1 9 
times  greater  than  that  of  fpint  of  wine.  It  has  not 
been  obierved  to  freeze  even  in  very  great  colds  5 and 
it  fuflains  a great  hear,  about  4 times  that  ot  vvatct, 
before  ir,  boils.  With  thefe  advantages  it  was  ^ made 
vik  of  by  Sir  I.  Newton,  who  diicovered  by  it  the 
comparative  degree  of  heat  for  boiling  water,  melting 
wax,  boiling  fpirit  of  wine,  and  melting  tin  ; beyond 
w’hich  it  does  not  appear  that  this  Iliermometer  was 
applied.  The  rnetliod  he  ufed  for  adjidling  the  fcale 
©f  this  oil  Thermometer,  w'as  as  follows:  fuppofing  the 
bulb,  when  immerged  in  thawung  fnow,  to  contain 
10,000  parts,  he  found  the  oil  expanded  by  the  heat 
of  the  hiiiuan  body  fo  as  to  take  up  a 39^^^  more  fpace, 
or  102  0 fuch  parts  ; and  by  the  heat  of  water  boding 
flrongly  10725  ; and  by  the  heat  of  melting  tin  11516. 
So  that,  reckoning  the  freezing  point  as  a common  limit 
between  heat  and  cold,  he  began  his  Icale  there,  marking 
it  o,  and  the  heat  of  the  human  body  he  made  12°  ; 
and  confequently,  the  degrees  of  heat  being  proportional 
to  the  degrees  of  rarefadlion,  or  256  : 725  ::  12  : 34, 
this  number  34  will  exprefs  the  heat  of  boiling  winter; 
and,  by  the  fame  rule,  72  that  of  melting  tin.  Philof. 
Tranf.  number  270,  or  Abridg.  vol,  4,  par,  2,  p.  3. 

There  is  an  infuperable  Inconvenience  attending  all 
Thermometers  made  with  oil,  or  any  other  vifeid  fluid, 
Yiz,  that  fuch  liquor  adheres  too  much  to  the  fides  of 
the  tube,  and  fo  inevitably  dillurbs  the  regularity  and 
uniformity  of  the  Thermometer. 

Of  the  Jixed  points  of  Thermometers. — Various 
methods  have  been  propofed  by  different  authors,  for 
finding*  a fixed  point  or  degree  of  heat,  from  which 
to  reckon  the  other  degrees,  and  adjiifl  the  fcale  ; fo 
that  different  obfervatlons  and  inftruments  might  be 
compared  together.  Mr.  Boyle  w^as  very  fenfible  of 
the  incoiiveidences  arihng  from  the  w'ant  of  a univerfal 
fcale  and  mode  of  graduation  ; and  he  propofed  either 
the  freezing  of  the  effential  oil  ofanifeeds,  orofdiftilled 
water,  as  a term  to  begin  the  numbers  at,  and  from 
thence  to  graduate  them  according  to  the  proportional 
dilatations  or  contraftions  of  the  included  fpirits. 

Dr.  Halley  (Philol.  Tranf.  Abr.  vol.  2,  p.  36)  feems 
to  have  been  fully  apprized  of  the  bad  effefts  of  the 
indeiinite  method  of  conflrufting  Thermometers,  and 
wiflied  to  have  them  adjufted  to  fome  determined  points. 
What  he  feems  to  prefer,  for  this  purpofe,  is  the  degree 
of  temperature  found  in  fubterranean  places,  where  the 
heat  in  fummer  or  cold  in.  wunter  appears  to  have  no 
influence.  But  this  degree  of  temperature,  Dr.  Mar- 
tine  fhews,  is  a term  for  the  univerfal  conftrudion  of 
Thermometers,  both  inconvenient  and  precarious,,  as 
it  cannot  be  eafily  afeertained,  and  as  the  difference  of 
foils  and  depths  may  occafson  a confiderable  variation. 
Another  term  of  heat,  which  he  thought  might  be  oP 
life  in  a general  graduation  of  Thermometers,  is  that  of 
boiling  fpirit  o£  wine  that  has  been,  highly  redified,- 
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The  firfl:  trace  that  occurs  of  the  method  of  adualiy 
aDplymg  fixed  points  or  terms  to  the  1 hermoniet-ery 
and  of  graduating  it,  fo  that  the  unequal  divifionsof  it 
might  correfpond  to  equal  degrees  of  beat,  is  the  pro- 
jed  of  Renaldini,  proftTur  at  Padua, _ in  1694  t it  is 
thus  deferibed  in  the  Ada  Erud.  Tipf.  “ Take  a 
flender  tube,  about  4 palms  long,  with  a bail  faflentd 
to  the  fame  ; pour  into  it  fpirit  of  wuTe,  cnougii  jiiit 
to  All  the  ball,  when  lurrounded  with  ice,  and  not  a 
drop  over:  in  this  date  feal  the  orifice  of  the  tube  her- 
metically, and  provide  12  veffels,  each  capable  of  con- 
taining a pound  of  whaler,  and  fomev’^  hat  more  ; and 
into  the  flrfl  pour  1 1 ounces  of  cold  w^ater,  into  the 
fecond  10  ounces,  into  the  third  9,  &c  ; this  done, 
irnmerge  the  Tiieimometer  in  the  hrlf  vtflsi,  and  pour 
into  it  one  ounce  of  hot  w'ater,  obferving  how  high^the 
fpirit  riles  in  the  tube,  and  noting  the  point  w*ith  unity 
tlien  remove  the  Thermometer  into  the  fecond  vefiel, 
into  wdiich  are  to  be  poured  2 ounces  of  hot  w^ater, 
and  note  the  place  the  fpirit  riles  to  wnth  2 : by  thus- 
proceeding  till  the  w'hole  pound  of  winter  is  ipent,  the 
inftrument  will  be  found  divided  Into  \z  parts,  denoting 
fo  many  terms  or  degrees  of  heat  ; fo  that  at  2 the 
heat  is  double  to  that  at  i,  at  3 triple, 

But  this  method,  though  plaufible,  Wolfius^  fhews, 
is  deceitful,  and  built  onfalfe  fuppofitions  ; for  it  takes 
for  granted,  that  we  hav*e  one  degree  of  heat,  by  adding 
one  ounce  of  hot  w^ater  to  i i of  cold  ; tw-o  degrees  by 
adding  2 ounces  to  10,  &c  : it  fuppofes  alfo,  that  a- 
Angle  degree  of  heat  adls  on  the  fpirit  of  w ine,  in  the 
ball,  with  a Angle  force  ; a double  wdth  a doubie  force,, 
&c  : laftly  it  fiippofes,  that  if  the  effeA  be  produced  In 
the  Thermometer  by  the  heat  of  the  ambient  air,  which 
is  here  produced  by  the  hot  water,  the  air  has  tne  fame- 
degree  of  heat  with  the  w'ater. 

Soon  after  this  projedl  of  Renaldini,  viz,  in  1701,. 
Newton  conftruAed  his  oil  1 hermometer,  and  placed 
the  bafe  or  lowed  Axed  point  of  his  fcale  at  the  tempe- 
rature of  thawdng  fnowq  and  12  at  that  of  the  human, 
body,  &c,  as  above  explained. — De  Due  obferves,  that 
the  2d  term  of  this  fcale  fliould  have  been  at  a greater- 
diflaiice  from  the  Arft,  and  that  the  heat  of  boiling 
w^ater  would  have  anfvvered  the  purp  jie  better  than  that' 
of  the  human  body. 

In  1702,  Amontons  contrived  his  univerfal  Ther- 
mometer, the  fcale  of  which  was  graduated  in  the  fol- 
ing  manner.  He  chofe  for  the  Arfl  term,  the^weight- 
that  counterbalanced  the  air  included  in  his  Ti  hermo- 
meter,  when  it  was  heated  by  boiling  water  ; and  in 
this  ftate  he  fo  adjufted  the  quantity  of  mercury  con- 
tained in  it,  till  the  fum  of  its  height  in  the  tube,  and 
of  its  height  in  the  barometer  at  the  moment  of  obfer- 
vaiion,  w^as  equal  to  73  inches.  Fixing  this  number 
at  the  point  to  wdiich  the  mercury  in  the  tube  rofe  by 
plunging  it  in  boiling  w^atcr,  it  is  evident  that  if  the 
barometer  at  this  time  was  at  28  inches,  the  height  of 
the  column  of  mercury  in  the  Thermometer,  above  the 
level  of  that  in  the  ball,  w^as  45  inches  \ but  if  the 
height  of  the  barometer  was  lefs  by  a certain  quantity, 
the  column  of  the  Thermometer  ought  to  be  greater 
by  the  fame  quantity,  and  reciprocally.  He  formed 
his  fcale  on  the  fuppofition,  that  the  w^eight  of  the 
atmofphere  was  always  equal  to  that  of  a coiurnn  of 

mercurv  of  28  inches,  and  he  divided  it  into  inches 

from 
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from  tlie  point  73  downward,  marking  the  diviTions 
with  72,  71,  70,  &c,  and  fubdividing  the  inches  into 
lines.  But  as  the  weight  of  the  atmofphere  is  variable, 
the  baa'omeier  miiil  be  obferved  at  the  fame  time  with 
the  Thermometer,  that  the  number  indicated  by  this 
laft  inhrument  may  be  properly  correfted,  by  adding 
or  fubtrading  the  quantity  wdiich  the  mercury  is 
below  or  above  aS  inches  in  the  barometer.  In  this 
fcale  then,  the  freezing  point  is  at  51I-  inches,  cor- 
refponding  to  32  degrees  of  Fahrenheit,  and  the  heat 
of  boiling  water  at  73  inches,  anfwcring  to  212  of 
Fahrenheit's  ; and  thus  they  may  be  eahly  compared 
together. 

The  fixed  points  of  Fahrenheit’s  Thermometer,  as 
has  been  already  obferved,  are  the  congelation  produced 
by  fai  ainm.oniac  and  the  heat  of  boiling  water.  The 
interval  between  thefe  points  is  divided  into  212  equal' 
parts  ; the  former  of  thefe  points  being  marked  o,  and 
the  other  212. 

_ V 

Reaumur  in  his  Thermometer,  the  conhruftion  of 
which  he  publifned  in  1730,  begins  his  fcale  at  an 
artiheial  congelation  of  water  in  warm  weather,  which, 
as  he  ufes  large  bulbs  for  his  glaffes,  gives  the  freezing 
point  much  higher  than  it  fiiould  be,  and  at  boding 
water  he  marks  80  degrees,  which  point  Dr.  Marline 
thinks  is  more  vague  and  uncertain  than  his  freezing 
point,  in  order  to  determine  the  correfpondcnce  of 
his  fcale  with  that  of  Fahrenheit,  it  is  to  be  confidered 
that  his  boiling  water  heat,  is  really  only  the  boiling 
heat  of  weakened  fplrit  of  wine,  coinciding  nearlv,  as 
Dr.  Martine  apprehends,  with  riihrenheit’s  180  de- 
grees. And  as  his  10^  degrees  is  the  confiant  heat 
of  the  cave  of  the  cbfervatory  at  Paris,  or  Fahrenheit’s 
53°,  he  thence  finds  his  freezing  point,  inftead  of  an- 
ivvering  juft  to  32°,  to  be  fomewhat  above  34°. 

De  Pille’s  Tliermometer,  an  account  of  which  he 
prefented  to  the  Fefcrftnirgh  Academy  in  1733,  has 
only  one  fixed  point,  wiiich  is  the  heat  of  boiling 
water,  and,  contrary  to  the  common  order,  the  feveral 
degrees  are  marked  Irom  this  point  downward,  accord- 
ing to  the  condenfations  of  the  contained  quickfilver, 
and  c'onfequently  by  numbers  increaiing  as  the  heat 
decreafes.  The  freezing  point  of  De  I’lfle’s  fcale. 
Dr.  Marline  makes  near  to  his  i ^0°,  correfponding 
to  Fahrenheit’s  32,  by  means  of  which  they  may  be 
compared  ; but  Ducreft  fays,  that  this  point  ought  to 
be  marked  at  lead;  at  154°. 

Ducreft,  in  his  fpirit  Thermometer,  conftrudfed  in. 
1740,  made  ufe  of  two  fixed  points;  the  firft,  or  o, 
indicated  the  tempei*ature  of  the  earth,  and  was  marked 
on  his  fcale  in  the  cave  of  the  Paris  Obfervatory  ; and 
the  other  was  the  heat  of  boiling  water,  which  that 
fpirit  in  his  Thermometer  was  made  to  endure,  by 
leaving  the  upper  part  of  the  tube  full  of  air.  He 
divided  the  interval  between  thefe  points  into  100  equal 
parts  ; calling  the  divifions  upward,  degrees  of  heat, 
and  thofe  below  o,  degrees  of  cold. — It  is  faid  that 
he  has  fince  regulated  his  Thermometer  by  the  degree 
of  cold  indicated  by  melting  ice,  which  he  found  to 
be  io|. 

The  Florentine  Thermometers  were  of  two  forts 
Lt  one  fort  the  freezing  point',  determined  by  the 
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degree  at  which  the  fpirit  ftoed  In  the  ordinary  cold  of 
ice  or  fnow  (probably  in  a thawing  (late)  and  coinciding 
with  32°  of  Fahrenheit,  fell  at  20°;  and  in  the  other 
lort  at  i3y.  And  the  natural  heat  of  the  vifeera  of 
cows  and  deer,  &c,  raifed  the  fpirit  in  the  latter,  or 
lefs  fort,  to  about  40°,  coinciding  with  their  fummer 
heat,  and  nearly  with  102°  in  Fahrenheit’s;  and  in 
their  other  or  long  Thermometer,  the  fpirit,  when 
txpofed  to  the  great  rnidfuramer  heat  in  their  country, 
rofe  to  the  point  at  which  they  marked  80*^. 

In'  the  Thermometer  of  the  Paris  Obfervatory,  made 
of  Ipirit  of  wine  by  De  la  Hire,  the  fpirit  always  hands 
at  48°  in  the  cave  of  the  obfervatory,  correfponding  to 
53  degrees  in  Fahrenheit’s;  and  his  28°  coirefpoiKkd 
with  51  inches  6 lines  in  Amontons’  Thermometer, 
and  confequently  with  the  freezing  point,  or  32°  of 
Fahrenheit’s. 

In  Poleni’s  Thermometer,  made  after  the  manner 
of  Amontons’,  but  witli  lefs  mercury,  47  inches  cor- 
relponded,  according  to  Dr.  Martine,  with  51  in  tliat 
of  Amontons,  and  53  with  59^. 

In  the  ftandard  Thermometer  of  the  Royal  Society 
of  London,  according  to  which  Thermometers  were 
for  a long  time  conftrufted  in  England,  Dr.  Martine 
found  that  347  degrees  ajifwered  to  64°  In  Fahrenheic, 
and  o to  8g. 

In  tlie  Thermometers  graduated  for  adjufting  the 
degrees  of  heat  proper  for  exotic  plants,  &c,  in  ftoves 
and  greenhoufes,  the  middle  temperature  of  the  air  is 
marked  at  o,  and  the  degrees  of  heat  and  cold  are 
numbered  both  above  and  below..  Many  of  thefe  are. 
made  on  no  regular  and  fixed  principles.  But  In  that’ 
formerly  much  iifed,  called  Fowler’s  regulator,  the 
fpirit  fell,  in  melting  fnow,  to  about  34°  under  o ; and 
Dr.  Martine  found  that  his  16°  above  o,  nearly  coin- 
cided with  64°  of  Fahrenheit.. 

Dr.  Hales  (Statical  Effays,  vol.  i,  p.  58),  in  his 
Thermometer,  made  with  fpirit  of  wine,  and  ufed  in 
experiments  on  vegetation,  began  his  fcale  with  the 
lovveft  dt'gree  of  freezing,  or  32^^  of  Fahrenheit,  and 
carried  it  up  to  iog°,  which  he  marked  where  the 
fpirit  flood  wlien  the  ball  was  heated  in  hot  water, 
upon  which  fome  wax  floating  firft  began  to  coagu- 
late, and  this  point  Dr.  Martine  found  to  corre- 
fpond  with  142°  of  Fahrtnheit.  But  by  experience 
It  is  found  that  Hales’s  100  falls  confiderably  above 
our  142. 

In  the  Edinburgh  Thermometer,  made  with  fpirit  of 
wine,  and  ufed  in  the  meteorological  obfervations  pub-' 
liftied  in  the  Medical  Effays,  the  fcale  is  divided  into 
inches  and  tenths.  In  melting  fnow  the  fpirit  flood 
at  and  the  heat  of  the  human  flein  raifed  it 

to  22-/^.  Dr.  Martine  found  that  the  heat  of  the 
perfon  who  graduated  it,  was  97  of  Fr.hrcnheit. 

As  It  Is  often  of  ufe  to  compare  different  TKe'rmo- 
meters,  In  order  to  judge  of  the  refuli  of  former  obfer- 
vations, 1 have  annexed  from  Dr.  Martine’s  Fftays,  the 
table  by  which  he  compared  15  different  thermometers,. 
See  Plate  34,  fig.  3. 

There  Is  a Thermometer  which  has  often  been  ufed 
in  London,  called  the  Therraoraeter  of  Lyons,  becaufe 
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M.  Criftiu  brouglit  it  there  into  ufe,  which  is  made 
cf  mercury:  the  freezing  point  is  marked  o,  and  the 
interval  from  that  point  to  the  heat  of  boiling’  water  is 
divided  into  100  equal  degrees. 

From  the  abilraff  of  the  liidor)'-  of  tlie  conllruffion 
of  Thermometers  it  appears,  tliat  freezing  and  boiling 
water  have  fiii’nifhed  the  diltinguifiiing  points  that  have 
been  marked  upon  aunofl  all  rhermometers.  The  in- 
ferior fixed  point  is  that  of  freezing,  which Tome  have 
determined  by  the  freezing  of  w'ater,  and  others  by  the 
melting  of  ice,  plunging  the  ball  of  the  Thermome- 
ter into  the  water  and  ice,  while  melting,  which  is 
the  bed  way.  The  fiiperior  fixed  point  of  almoft  all 
Thermometers,  is  the  heat  of  boiling  water.  But 
this  point  cannot  be  confidered  as  fixed  and  certain, 
unlefs  the.  heat  be  produced  by  the  lame  degree  of  boil- 
ing, and  under  tlie  fame  weight  of  the  atmofphere  ; 
for  it  is  found  tliat  the  higher  the  barometer,  or  the 
heavier  the  atmofphere,  tlie  greater  is  the  heat  when 
the  v/ater  boils.  It  is  now  agreed  therefore  tliat  the 
operation  of  plunging  the  ball  or  the  Thermometer  in 
the  boiling  water,  or  fufpending  it  in  the  fleam  of 
the  fame  in  an  inclofed  veffel,  be  performed  when  the 
water  boils  violently,  and  when  the  barometer  hands  at 
30  Englilh  inches,  in  a temperature  of  ^5°  of  the 
atmofphere,  marking  the  height  of  the  Thermometer 
then  for  the  degree  of  212  of  Fahrenheit  ; the  point  of 
melting  ice  being  32  of  the  fame;  thus  having  j8o 
degrees  between  thofe  two  fixed  points,  fo  determined. 
This  was  Mr.  Bird’s  method,  who  it  is  apprehended 
fit  ft  attended  to  the  Hate  of  the  barometer,  in  the 
making  of  d’hermometers.  But  thefe  inftruments  may 
be  made  equally  true  under  any  preffure  of  the  atmo- 
fphere, by  making  a proper  allowance  for  the  difference 
in  the  height  of  the  barometer  from  30  inches. 
M.  De  Luc,  in  bis  Pvecheiches  fur  les  Mod.  de  P At- 
mofphere, from  a feries  of  experiments,  Las  pdven  an 
equation  for  the  allowance  on  account  of  this  difference, 
in  Paris  meafiire,  w^hich  has  been  verified  by  Sir 
George  Schuckbiirgh,  Philof.  Tranf.  1775  and  17 78  ; 
alfo  Dr.  Horfley,  Dr.  Mafleel  yne,  and  Sir  George 
Shiickhurgh  have  adapted  the  equation  and  rules,  to 
Englifli  meafures,  and  have  reduced  the  allowances  into 
tables  for  the  ufe  of  the  artift.  Dr.  Horfiey’s  rule, 
deduced  from  De  Luc’s,  is  this: 
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where  /j  denotes  tlie  height  of  a Thermometer  plunged 
in  boiling  water,  above  the  point  of  melting  ice,  in 
degrees  of  Bird’s  Fahrenheit,  ana  x the  height  of  the 
barometer  in  loths  of  an  inch.  From  this  rule  he 
has  computed  the  following  table,  for  finding  the 
heights,  to  wdiicb  a good  Bird’s  Fahrenheit  will  rife, 
when  plunged  in  boiling  water,  in  all  ftates  of  the  ba- 
rometer, from  27  to  31  Englilli  inches;  which  will 
ieive,  among  other  ufes,  to  dIreA  inftrmnent  makers 
in  making  a true  allowance  for  the  effed  of  the  varia- 
tion of  the  barometer,  if  they  ftiould  be  obliged  to 
finifti  a ihermometer  at  a time  when  the  barometer 
IS'  above  or  below  30  inches;  though  it  is  bell  to 
the  boiling  point  when  the  barometer  is  at  that 
height. 


Equation  of  the  Boilhw  PoinL 


Barometer. 

Equation. 

3 1*0 

+ i'57 

30*7 

+ o’79 

30*0 

O’OO 

29*5 

— o-8o 

29*0 

*—  I'62 

28*3 

- 2*43 

28*0 

- 

27*3 

~ 4*i6 

27*0 

- 5'‘34 

The  numbers  in  the  firft  column  of  this  table  ex- 
peff  heights  of  the  quickfilver  in  the  barometer  in 
Lvnghlh  inches  ^and  decimal  parts : the  2d  column 
ffiCvys  the  equation  to  b.„  applied,  according  to  the  fi^n 
prefixed, ^ to  212^  of  Bird’s  Fahrenheit,  to  find  the 
true  boiling  point  for  every  fuch  ftate  of  the  barome- 
ter.  The  boiling  point  for  all  intermediate  ftates  of 
the  barometer  may  oe  had  with  fuflicient  accuracy  by 
taking  proportional  parts,  by  means  of  the  3d  column 
of  differences  of  the  equations.  See  Phili  Tranf! 
vol.  64,  art.  30  ; alfo  Dr.  Mafkelyne’s  paper,  vol.  64. 

Sir  Geo.  STuckburgh  (Philof.  Tranf.  vol.  6g, 
pa.  362)  has  alfo  given  feveral  tables  and  rules  relating 
to  the  boiling  point,  both  from  his  own  obfervations 
and  De  Luc’s,  form  whence  Is  extraded  the  followino- 
table,  for  the  ufe  of  artifts  in  conftrudino'  the  The^ 
mometer. 


Height  of 
the  Baro- 
meter. 

Corr.  of 
the  Boil. 
Point. 

• 

Differ- 

ences. 

Corred. 
accord.  t( 
De  Luc. 

Differ- 

ences. 

26*0 

26*5 

27'0 

27*5 

28*0 

28*5' 

29'0 

29- 5 
30*0 

30- 5 
31*0 

“ 7-09 

— 6 1 8 

— 5*27 

— 4*37 

— 3*a.8 

— 2*59 

— 1*72 

— 0*85 
0*00 

-b  0*83 
+ 1*60 

0*9  I 

0*91 

0*90 

0*89 

0*89 

0*87 

0*87 

o*8c 

0*85 

0*84 

~ 6*83 

~ 5*93 

- 5*04 

- 4*16 

~ 3*31 

- 2*45 

~ 1*62 

■—  0*80 

0*00 

■f  0*79 
4.  ] 

0*90 

0 89 
0*88 
0*87 
0*86 
0*83 
0*82 
o*8o 

0*79 

0*78 

The  Royal  Society  too,  fully  fenfible  of  the  import- 
ance of  adjufting  the  fixed  points  of  Thermometers, 
appointed  a committee  of  leven  gentlemen  to  confider 
ol  the  beft  method  for  this  purpofe  ; and  their  report 
may  be  feen  in  the  Philof.  Tranf.  vol  67,  art.  37. 

1 hey  obferve,  that  although  the  boiling  point  be 
placed  lo  much  higher  on  fome  of  the  Thermometers 
now  made,  than  on  others,  yet  this  does  not  produce 
any  confiderable  error  in  the  obfervations  of  the  weather, 
at  leaff  in  this  climate  ; for  an  error  of  i - degree  in  the 
pofition  of  the  boiling  point,  will  make  an  error  only 
cf  Haifa  degree  in  the  pofition  of  92°,  and  of  not  more 

than 
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than  a quarter  of  a degree  in  the  point  of  62®.  It  is 
only  in  nice  experiments,  or  in  trying  the  heat  of  hot 
liquors,  tnat  this  error  in  the  boilino'  point  can  be  of 
much  figniiication. 

• In  adjiiiling  the  freezing,  as  well  as  the  boiling 
point,  the  quickfilver  in  the  tube  ought  to  be  kept  of 
the  fame  licat  as  tliat  in  the  ball.  Wlien  the  freez- 
ing  point  is  placed  at  a conliderable  diilance  from  the 
. ^ 5.  pemnded  ice  fnould  be  piled  up  very  near  to 

It  ; if  it  be  not  fo  piled,  then  the  obiervcd  point,  to, be 
vuy  accurate,  fliould  be  corredled,  accoiding  to  the 
JoJowing  table. 


Heat  of  tJie 

‘ ^ i 

Air. 

Correction.  J 

42° 

j 

•00087 

5- 

*00  r 74 

62 

*00261 

2 

*00348 

82  1 

*00435 

The  co’/reaion  in  this  table  !s  expreflh’d  in  locotli 
parts  of  the  diltance  between  the  freezing  point  and  the 
furface  of  the  ice  ; ex.  gr.  if  the  freezing  point  (land 
6 indies  above  the  furface  of  the  ice,  and  the  heat  of 
the  room  be  62,  then  the  point  of  32  Ihonld  be  placed 

6 X *00261,  or  *01566  of  an  inch  lower  down  than 
the  obferved  point. 

The  committee  farther  obferve,  that  in  tryino  the 
heat  of  liquors,  care  fhould  be  taken  that  tlm  q'^jick- 
filver  in  the  tube  of  the  Thermometer  be  heated  to 
the  fame  degree  as  that  in  the  ball  ; or  if  this  cannot 
be  done  conveniently,  the  obferved  heat  Hiould  be  cor- 
reded  on  that  account  ; for  the  manner  of  doing 
which,  and  a table  calculated  for  that  purpofe.  fee 
Philof.Tranf.  V0L67,  art.  37.  P ^ 

It  w'as  for  fome  time  thought,  efpecially  from  the 
experiments  at  Peterfburgh,  that  quickfilver  fuffered 
a cold  of  fever al  hundred  degrees  below  o before  it 
congealed  and  became  fixed  and  malleable  ; but  later 
experiments  have  fhewn  that  this  pcrfuafion  was  merely 
owing  to  a deception  in  the  experiments,  and  later 
ones  nave  made  ft  appear  that  its  point  of  congelation 
IS  no  lower  than  - 40°,  or  rather  - 39^,  of  Fahren- 
heit s icale.  But  that  it  will  bear  how^ever  to  be  cooled 
a few  degrees  below  that  point,  to  which  it  leaps  up 
again  on  beginning  to  congeal  ; and  that  its  rapid  de- 
feent  in  a Thermometer,  through  many  hundred  de- 
grees, when  it  has  once  paffed  the  above-mentioned  limit, 
proceeds  merely  from  its  great  contraftion  in  the  ad 
of  freezing.  See  Philof.  Tranf.  voL  73,  art.  *20, 
20,  21. 

Mifcellaneous  Olfcrvations, 

^ It  is  abfolutely  neceflary  that  thofe  who  wmiild  de- 
rive any  advantage  from  thefe  inllriiraents,  fhould  agree 
in  ufingthefame  liquor,  and  in  determining,  according 
to  the  fame  method,  the  two  fundamental  points.  If 
they  agree  in  thefe  fixed  points,  it  is  of  no  great  im- 
portance whether  they  divide  the  interval  between 
them  into  a greater  or  a lefs  number  of  equal  parts. 

^ he  fcale  of  Fahrenheit,  in  which  the  fundamental 
interval  between  212°,  the  point  of  boiling  water,. 
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and  52°  that  of  melting  Ice,  Is  divided  Into  iSo  parts, 
mould  be  retained  in  the  northern  countries,  where 
Fahrenheit’s  Thermometer  is  ufed  : and  the  fcale  in 
which  the  fundamental  interval  is  divided  into  So  parts, 
will  ferve  for  thofe  countries  where  Reaumur’s  Ther- 
mometer is  adopted.  But  no  inconvenience  is  to  be 
apprehended  from  varying  the  fcale  for  particular  iifes^ 
piovided  care  be  taken  to  fignify  into  what  number  of 

parts  the  fundamental  interval  is  divided,  and  the  point' 
W'iierc  o IS  placed. 

With  regard  to  the  choice  of  tubes,  it  is  befi;  to  have 
^em  exactly  cylindrical  through  their  whole-  lengtJi.r 
J he  capillary  tubes  are  preferable  to  others,  becaufe 
they  require  fmaller  bulbs,  and  tliey  are  alfo  more 
lenlible,  and  lefs  brittle.  The  moft  convenient  fize 
for  coriimon  experiments  has  the  internal  diameter 
a )Out  the  40th  or  50th  of  an  inch,  about  9 inches  long, 
and  made  of  thin  glafs,  that  the  rife  and  Fill  of  the 
mercury  may  be  better  feen. 

For  the  wdiole  procefs  of  filling,  marking,  and  gra- 
dujiting,  lee  De  Luc’s  Recherches  &c,  tom.  r,  p.  393, 

Experme7its  zuUh  Thermometers. 
following  is  a table  of  fome  obfervations  made 
with  Fahrenheit’s  Thermometer,  the  barometer  land- 
ing at  29  inches,  or  little  higher. 

At  600°  Metcury  boils. 

546  Oil  of  vitriol  boils. 

242  Spirit  of  nitre  boils. 

240'  Lixivium  of  tartar  boils-. 

213  Cow’s  milk  boilo. 

2 1 2 Water  boils. 

206  Human  urine  boils. 

190  Brandy  boils. 

175  Alcohol  boils, 

156  Serum  of  blood  and  white  of  eggs  harden,. 

J^6  Kills  animals  in  a few  minutes, 

]c8  to  99,  Hens  hatch  eggs. 

J07  / FRat  of  fldn  in  ducks,  geefe,  hens,  pi- 

103  \ geons,  partridges,  and  fvvallovvs. 

106  Heat  of  flcin  in  a common  ague  and  fever. 

103  r Heat  of  llcin  in  dogs,  cats,  fiieep,  oxen, 
ICO  [ fwiiie,  and  mod  other  quadrupeds. 

99  fo  92,  Heat  of  the  human  Ikin  in  health. 

97  Heat  of  a fwarm  of  bees. 

96  A perch  died  in  3 minutes  in  water  fo  warm. 
80  Heat  of  air  in  the  lliade,  in  very  hot  weather, 

74  Butter  begins  to  melt. 

64  Heat  of  air  in  the  fiiade,  in  warm  weather, 

5 5 Mean  temperature  of  air  in  England. 

43  Oil  of  olives  begins  to  ftifTen  and  grow  opake. 

/ Water  jull  freezing,  or  fnow  and  ice  jud 
[ melting, 

30  Milk  freezes. 

28  Urine  and  common  vinegar  freezes. . 

25  Blood  out  of  the  body  freezes. 

20  Burgundy,  Claret,  and  Madeira  freeze. 

r Greateft  cold  in  Pennfylvania  in  173 1-2 
^ I lat.  40°.  ^ 

4 Greateft  cold  at  Utrecht  in  172 8-9. 

Q r A-  mixture  of  fnow  and  fait,  winch  can  freeze 
\ oil  of  tartar  per  deliquium,  but  not  brandy. 

— 39  Mercury  freezes. 

Maitine’s  Efiays,  p.  284,  See. 
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On  the  general  fubjeft  of  Thermometeis  rffo  fee 
Mai  tine’s  Effays,  Medical  and  Philoioph^al.  De.agn- 
liers’s  Exp.  Phil.  vol.  2,  p.  289.  Mufrchenbvoeck^s 
Int.  ad  Phil.  Nat.  vol.  2,  p.  625,  ed.  1762.  Be  Liic  s 
Recherches  fur  les  Modif.'&c,  tom.  i,  part  2,  ch.  2. 
Nolkt’s  Lemons  de  Phyfique,  tom.  4,  p.  375- 
' Thermometers  for  particular  ufes.-~-\vy  1757^ 
Cavenaifa  prefcnted  to  tlie  Royal  Society  an  account 
of  a curious  coriftrudiion  of  1 het  mo  meters,  o 
diffe-ent  forms  ; one  contrived  to  ftew  the  greateit 

degreeofheat,  and  the  other  tl^^^  greatefl  cold  that 

may  happen  at  any  time  m a pcrfon’s  abfence,  i hiiol. 

Tranf.  vol.  ^o,  p.  300.  • 

Since  the  publication  of  Mr.  Canton  s ciifcovery  ot 

the  compreffibility  of  fpirits  of  wine  and  other  fluids, 
there  are  two  correRions  neceffary  to  be  made  in  the 
refult  given  by  lord  Cavendifh’s  Thermometer.^'  For 
in  e.dimating/for  inllance,  the  temperature  of  the  iea 
at  any  depth,  the  Thermometer  will  appear  to  have 
been  colder  than  it  really  was:  and  befides,  the  ex- 
panfion  of  foirits  of  wine  by  any  given  number  of  o^e- 
grees  of  Fahrenheit’s  Thermometer,  is  greater  m the 
hicrher  degrees  than  m the  lower.  For  the  method  of 
makin.g  thefe  two  corrections  by  Mr.  Cavendifli,  fee 
Phipps’s  Voyage  to  the  North  Foie,  p.  145. 

Inhruments  of  this  kind,  for  determining  the  degree 
of  heat  or  cold  in  the  abfence  of  the  observer,  have  been 
invented  and  defcribedby  others.  Van  Swlnden  (Diff. 
fur  la  Comparaiion  du  iherm.  p.  233  &c)  defciibes 
one,  which  he  fays  was  the  firll  of  the  kind,_  made  on 
a plan  communicated  by  Bernoulli  to  Leibnitz.  Mr. 
Kraft,  he  alfo  tells  us,  made  one  nearly  like  it.  Mr. 
Six  has  lateiv,  viz,  in  1782,  propofed  another  con- 
Ih'udion  of  a Thermometer  of  the  fame  kind,  defcnbed 

in  the  Philof.  I ranf.  vol.  72?  p*  7^ 

M.  De  Luc  has  defcribed  the  beft  method  of  con- 
ftruaing  a Thermometer,  fit  for  determining  the  tem- 
perature of  the  air,  in  the  meafiiring  of  heights  by  the 
barometer.  He  has  alfo  ihewn  how  to  divide  the  fcale 
of  a Thermometer,  fo  as  to  adapt  it  for  allronomical 
purpofes  in  tke  obfervation  of  refradions.  See  Re- 
cherches &C,  tom.  2,  p.  35  263.  n n*  C 

Mr.  Cavallo,  in  1781,  propofed  the  conltriiaion  of 

a ThcrtfWTnetricdl  I^aro7n£tcr ^ which,  by  means  of  boiling 
water,  might  indicate  the  various  gravity  of  the  at- 
mofphere,  or  the  height  of_  the  barometer.  ^ This 
Thermometer,  he  fays,  with  its  appaiatus,  might  e 
packed  up  into  a fmall  portable  box,  and  fewe  for  de- 
terinining  the  heights  of  mountains  &;c,  with  gieatei 
facility,  than  with  the  common  portable  barometcm. 
The  inftrument,  in  its  prefent  Fate,  conhflcs  of  a cylin- 
drical tin  veffc'l,  about  2 inches  in  diameter,  and  3 
inches  high,  in  which  veFel  the  water  is  contained, 
which  may  be  made  to  boil  by  the  fiame  of  a large 
candle.  Tlie  Thermometer  is  faftened  to  the  tin  venei 
in  fuch  a manner,  as  that  its  bulb  may  be  about  an 
inch  above  the  bottom.  The  fcale  of  this  1 hermome- 
ter,  which  is  of  brafs,  exhibits,  on  one  fide  of  the  glaL 
tube  a few  degrees  of  Fahrenheit’s  fcale,  viz,  fiom  200 
to  216°.  On  the  other  fide  of  the  tube  are  marked 
the  various  barometrical  heights,  at  which  the  boiling 
water  Thews  thofe  particular  degrees  of  heat  which  are 
fet  down  in  Sir  Geo.  Shuckbiirgh’s  table,  \yith  this 
infirument  the  barometrical  height  is  flrewn  wnthin  one 


loth  of  an  inch.  The  degrees  of  this  Thermometer 
are  rather  longer  than  one  Qth  of  an  inch,  and  therefore 
may  be  divided  into  many  parts,  efpecially  by  a Nonius. 
But  a confiderable  imperfeaion  arifes  from  the  fmall- 
nefs  of  the  tin  veFcl,  which  does  not  admit  a fnfRcient 
quantity  of  water  ; hut  when  the  quantity  of  water 
fhaii  be  fufficiently  large,  ^as  for  inftance  lo  or  12 
ounces,  and  is  kept  boiling  in  a proper  veFel,  its  degree 
of  heat  under  the  fame  preffure  of  the  atmofphere  is  very 
fettled  ; whereas  when  a Thermometer  is  kept  in^  a 
fmall  quantity  of  boiling  w'-ater,  the  mercury  in  its 
flem  does  not  Hand  very  fteady,  fometimes  rifling  or 
falling  fo  much  as  half  a degree.  Mr.  Cavallo  propofes 
a farther  improvement  of  this  infirument,  in  the  Philof. 
X ranf.  vol.  71,  p.  52  4* 

The  ing-enioiis  Mr.  Wedgwood,  fo  well  known  for 
his  various  improvements  in  the  diffetent  forts  of  pot- 
tery ware,  has  contrived  to  make  a Therm.om.eter  for 
meafuring  the  higher  degrees  of  heat,  by  means  of  a 
difiinB'inftiing  property  of  argillaceous  bodies,  viz,  the 
dimin'ution  of  their  bulk  by  fire.  This  diminution 
commences  in  a low  red  heat,  and  proceeds  regularly,  . 
as  the  heat  increafes,  till  the  clay  becomes  vitrified. 
The  total  contraTion  of  fome  good  clays  which  he  has 
examined  in  the  firongefl  of  his  own  fires,  is  confiderably 
more  than  one-fourth  part  in  every  dimenfion.  By 
meafuring  the  contraflion  of  fuch  fubftances  then,  Mr. 
Wedgwood  contrived  to  meafure  the  moll  intenfe  heats 
of  ovens,  furnaces,  &c.  For  the  curious  particulars 
of  which,  fee  Philof.  Tranf.  vol.  72,  p.  305  &c. 

THERMOSCOPE,  an  inftrument  fliewing  the 
changes  happening  in  the  air  with  refpedl  to  heat  and 
cold. 

The  word  Thermofeope  is  often  ufed  indiprently 
with  that  of  thermometer.  There  is  fome  difference 
however  in  the  literal  import  of  the  tw^’O  j the  fiift  fig" 
nifying  an  inftrument  that  flnews  or  exhibits  the  changes 
of  heat  &c  to  the  eye  ; and  the  latter  an  infirument 
that  meafures  thofe  changes ; fo  that  a thermometer 
fhould  be  a more  accurate  Thermofeope. 

THIR,  in  Chronology,  the  name  of  the  3th  month 
of  the  Lthiopians,  which  con^fponds,  according  to 

Lndolf,  to  the  month  of  January.  ^ ^ 

THIRD,  ill  Mufic,  a concord  refulting  from  a 
mixture  of  two  founds  containing  an  interval  ^of  2 
deforces : being  called  a third,  becaufe  containing  3 
terais,  or  founds,  between  the  extremes. 

There  is  a greater  and  a iefs  Third.  The  former 
takes  its  form  from  the  fefquiqnarta  ratio,  4 to  5.  fhe 
logarithm  or  meafure  of  the  odave  | being  1*00000, 
the  meafure  of  the  greater  Third  ivill  be  0*32  193*7- 
The  greater  Third  is  by  pradlitioners  often  taker.yor 
the  third  part  of  an  oaave  ; which  is  an  error,  fince 
three  greater  Thirds  fall  fiiprt  of  the  odave  by  a diefis  ; 
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The  lejer  Third  takes  its  form  from_  the  ieiqui- 

quinta  ratio  5 to  6 ; the  mealure  or  logarithm  of  this 

lefier  Third  f,  being  0*26303,  that  of  the  odave 

being  1*00000. 

Both  thefe  Thirds  are  of  great  ufe  In  melody ; making 
as  it  were  the  foundation  amd  life  of  harmony. 

Third or  Tierce-pointy  in  Architeaure,  the 
point  of  feaion  in  the  vertex  of  an  equilateral  triangle. 
—Arches  or  vaults  of  the  I'hird  Point,  are  thofe  con- 
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Tifting  of  two  arches  of  a circle,  meeting  In  an  angle 
at  top. 

THREE-  legged  - Jlaff-,  a n inftrument  confiding  of 
three  wooden  legs,  made  witli  joints,  fo  as  to  ihiit  all 
together,  and  to  take  off  in  the  middle  for  the  better 
carriage.  It  has  ufually  a ball  and  focket  on  the  top  ; 
and  its  ufe  is  to  fnpport  and  adjuil  inllruinents  for 
adronomv,  furveyinp,  &c. 

THUNDER,  a noife  in  the  lower  region  of  the 
air,  excited  by  a fudden  explofion  of  eleftrtcal  clouds  ; 
which  are  therefore  called  Thunder-clouds. 

I he  phenomenon  of  Thunder  is  varioufly  accounted 
for,  Seneca,  Rohault,  and  feme  other  authors,  both 
ancient  and  modern,  account  for  T hunder,  by  fuppofing 
two  clouds  impending  over  one  another,  the  upper  and 
rarer  of  which,  becoming  condenfed  by  a frefli  acceffion 
of  air  railed  by  warmth  from  the  lower  parts  of  the 
atmofphere,  or  driven  upon  it  by  the  wind,  Immediately 
falls  forcibly  down  upon  the  lower  and  denfer  cloud  ; 
by  which  fall,  the  air  interpofed  between  tlie  two 
being  compreffed,  that  next  the  extremities  of  the 
two  clouds  is  fqueezed  out,  and  leaves  room  for  the 
extremity  of  the  upper  cloud  to  clofe  tight  upon  the 
under  ; thus  a great  quantity  of  the  air  is  cnclofed, 
which  at  length  efcaping through  fome  winding  irregular 
vent  or  paffage,  occafions  the  noife  called  Thunder. 

But  this  lame  device  could  only  reach  at  moll  to  the 
cafe  of  Thunder  heard  without  lightning;  and  there- 
fore recourfe  has  been  had  to  other  modes  of  folution. 
Thus,  it  has  been  faid  that  Thunder  is  not  occafioned 
by  the  falling  of  clouds,  but  by  the  kindling  of  ful- 
phurous  exhalations,  in  the  fame  manner  as  the  noife 
of  the  aurum  fulminans.  “ There  are  fulphurous  ex- 
halations, fays  Sir  I.  Newton,  always  afeending  into 
the  air  when  the  earth  is  dry  ; there  they  ferment  with 
the  nitrous  acids,  and,  fometimes  taking  fire,  generate 
Thunder,  lightning,  &c.’^ 

The  effedfs  of  Thunder  are  fo  like  thofe  of  fired 
gunpowder,  that  Dr.  Wallis  thinks  we  need  not  fcruple 
to  aferibe  them  to  the  fame  caiife  ; and  the  principal 
ingredients  in  gunpowder,  wc  know,  are  nitre  and 
fulpbur  ; charcoal  only  ferving  to  keep  the  parts  fepa- 
rate,  for  their  better  kindling.  Hence,  if  we  conceive 
in  the  air  a convenient  mixture  of  nitrous  and  fulphur- 
ous particles  ; and  thofe,  by  any  caufe,  to  be  fet  on 
tire,  fucli  explofion  may  well  follow,  and  with  fuch 
noife  and  light  as  attend  the  firing  of  gunpowder  ; and 
being  once  kindled,  it  will  run  from  place  to  place,  dif- 
ferent ways,  as  the  exhalations  happen  to  lead  It;  much 
as  is  found  in  a train  of  gunpowder. 

But  a third,  and  mod  probable  opinion  is,  that 
Thunder  is  the  report  or  noife  produced  by  an  eledfrical 
explofion  in  the  clouds.  Ever  fince  tlic  year  1752,  in 
which  the  Identity  of  the  matter  of  lightning  and  of 
the  eledfrical  fluid  has  been  afeertained,  philofophers 
have  generally  agreed  in  confidering  Thunder  as  a con- 
Guflion  produced  in  the  air  by  an  explofion  of  eledlri- 
city.  For  the  illullration  and  proof  of  this  theory,  fee 
Electricity,  and  Lightning. 

It  may  here  be  ohferved,  that  Mr.  Henry  Eeles,  in 
a letter  written  in  1751,  and  read  before  the  Royal 
Society  in  17^2,  confiders  the  eledfrical  fire  as  the 
caufe  of  Thunder,  and  accounts  for  it  on  this  hypothe- 
fis  ; and  he  tells  us,  that  he  did  not  know  of  any  other 
VoL.  II. 


perfon’s  having  made  the  fame  conjcdlure.  Pliilof* 
Tranf,  vol.  47,  p.  524  &c. 

T hat  rattling  in  the  noife  of  Thunder,  which  makes 
it  fe  cm  as  if  it  paffed  through  arches,  or  were  varioufly 
broken,  is  probably  owing  to  the  found  being  excited 
among  clouds  hangingover  one  another,  and  the  agitated 
air  pafling  iriegularly  between  them. 

i he  explofion,  if  high  in  the  air,  and  remote  from 
us,  will  do  no  mifehief ; but  when  near,  it  may  deftroy 
trees,  animals,  &c. 

This  proximity,  or  fmall  didance,  may  be  effimated 
nearly  by  the  interval  of  time  between  feeing  the  fiaflt 
of  lightning,  and  hearing  the  report  of  the  Thunder, 
edimating  the  diitance,  alter  the  rate  of  1142  feet  per 
ftcond  of  time,  or  3'f  feconds  to  the  mile.  Dr.  Wallis 
obferves,  that  commonly  the  difference  between  the 
tv^■o  is  about  7 feconds,  which,  at  the  rate  above  men- 
tioned, gives  the  diTiance  almod  2 miles.  But  fome- 
times It  comes  in  a fecond  or  two,  which  argues  the 
explofion  very  near  us,  and  even  among  us.  And  in 
fuch  cafes,  the  dodfor  affures  us,  he  has  fometimes 
foretold  themifehiefs  that  happened. 

The  nolle  of  Thunder,  and  the  flame  of  lightning, 
are  ealjly  made  by  art.  If  a mixture  of  oil  or  fpirit 
of  vitriol  be  made  with  water,  and  fome  filings  of  flee! 
added  to  it,  there  will  immediately  arife  a thick  fmoke, 
or  vapour,  out  of  the  mouth  of  the  veffel  ; and  if  a 
lighted  candle  be  applied  to  this,  it  will  take  fire,  and 
the  flame  will  immediately  defeend  into  the  veffel,  which 
will  be  burft  to  pieces  with  a noife  like  that  of  a 
cannon. 

This  is  fo  far  analogous  to  Thunder  and  lightning, 
that  a great  explofion  and  fire  are  occafioned  by  it  ; 
but  In  this  they  differ,  that  this  matter  when  once  fired 
Is  deftroyed,  and  can  give  no  more  explofions  ; whereas, 
in  the  heavens,  one  clap  of  Thunder  ufually  follows 
another,  and  there  is  a continued  fuccefiiou  of  them 
for  a long  time.  Mr.  Homberg  explained  tin's  by  the 
lightnefs  of  the  air  above  us,  in  coraparifon  of  r’nat 
near,  which  therefore  would  not  fuffor  all  the  matter 
fo  kindled  to  be  diffipated  at  once,  but  keeps  it  for 
feveral  returns. 

THUNDERBOLT.  When  lightning  acls  with 
extraordinary  violence,  and  breaks  or  lhattersany  thing, 
it  is  called  a Thunderbolt y which  the  vulgar,  to  fit  it 
for  fuch  effedfs,  iuppofc  to  he  a hard  body,  and  even 
a floiie. — But  that  wc  need  not  have  rccourfc  to  a hard 
folid  body  to  account  for  the  effects  commonly  attributed 
to  the  Thunderbolt,  will  be  evident  to  any  one,  who 
confiders  thofe  of  the  pnlvis  fulminans,  and  of  gun- 
powder; but  more  cfpecially  the  aflonilhing  powei  s of 
eleiffricity,  when  only  collefted  and  employed  by  Inimaiu 
art,  and  much  more  when  direded  and  exercifed  in  the 
courfe  of  nature. 

When  we  confider  the  known  cfftds  of  eledrlcal 
explofions,  and  thofe  produced  by  lightning,  vie  fliall 
be  at  no  lofs  to  account  for  the  extraordinary  operations 
vulgarly  aferibed  to  Thunderbolts.  As  Hones  and  bricks 
ftnick  by  lightning  are  often  found  in  .a  vitrified  flate, 
we  may  reafonabiy  fuppofe,  with  Eeccaria,  that  fome 
ftones  iivthe  earth,  having  been  flruck  in  tin's  manner, 
gave  occafion  to  tlie  vulgar  opinion  of  the  Thunder- 
bolt. 

THUNDER-c^«^//,  in  Plivfiology,  arc  th^fe  clouds 
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wli’ch  are  in  a (late  fit  for  producing  I’glitnlng  and 
thunder. 

From  Beccaria's  exa^  and  circumdantuu  account 
of  the  external  appearances  of  1 hunder-clouds,  die 
following  particulars  are  extradfed.  ^ 

The  firfi  appearance  of  a Thunder  fionn,  which 
ufually  happens  when  there  is  little  or  no  wind^^  is  one 
denfe  cloud,  or  more,  increafing  very  iafi  in^lrzc,  and 
rifing  into  the  higher  regions  of  the  air.  dhe  lower 
furface  is  black  and  nearly  level  ; hut  the  upper  imely 
arched,  and  well  defined.  Many  of  tliefe  clouds  ofien 
I'eem  piled  upon  one  another,  all  arclied  in  the -fame 
manner;  but  they  are  continually  uniting,  fwcllnig, 

and  extending  their  arches. 

At  the  time  of  the  riling  of  this  cloud,  the  atmolphere 
is  commonly  full  of  a'  great  many  feparate  clouds,  tliat 
are  motionlefs,  and  of  odd  wliimCcal  lhapes.  Ah  theft, 
upon  the  appearance  of  the  Thunder-cloud,  draw  to- 
wards It,  and  become  more  uniform  in  their  fhapes  as 
they  approach  ; till,  coming*  very  near  the  1 hunder- 
cioud,  their  limbs  mutually  ftretcli  toward  one  another, 
and  they  immediately  coalefce  into  one  uniform  mais. 
Thefe  he  calls  adfcititious  clouds,  from  their  coming  in, 
to  enlarge  the  fize  of  the  Thunder-cloud.  But  fome- 
times  the  Thunder-cloud  will  fwell,  and  increafe  very 


fail,  without  the  conjuiidlion  of  any  adfcititious  clouds  ; 
tbe  vapours  in  the  atmofphere  forming  themlelves  into 
clouds  wherever  it  paffes.  Some  of  the  adfcititious 
clouds  appear  like  white  fringes,  at  the  fkirts  of  the 
Thunder-cloud,  or  under  the  body  of  it,  but  they  keep 
continually  growing  darker  and  darker,  as  they  approach 
to  unite  with  it. 

When  the  Thunder-cloud  is  grown  to  a great  fize, 
its  lower  furface  is  often  ragged,  particular  parts  being 
detached  towards  the  earth,  but  ftill  connedfed  with 
the  reft.  Sometimes  the  lower  furface  fwelis  Into  vari- 
ous large  protuberances  bending  uniformly  downward  ; 
and  fometimes  one  wdiole  fide  of  the  cloud  will  have  an 
inclination  to  the  earth,  and  the  extremity  of  it  nearly 
touch  the  ground.  When  the  eye  is  under  the  1 hundeig 
cloud,  after  it  is  grown  larger,  and  well  formed,  it  is 
feen  to  fink  lower,  and  to  darken  prodigionfly  ; at  the 
fame  time  that  a number  of  fmall  adfcititious  clouds 
(the  origin  of  wdilch  can  never  be  perceived)  are  feen 
in  a rapid  motion,  driving  about  in  very  uncertain  di- 
redlions  under  it.  While  thefe  clouds  are  agitated  with 
the  moft  rapid  motions,  the  rain  commonly  falls  in  the 
gi-eateft  plenty,  and  if  the  agitation  be  exceedingly  great, 
it  commonly  halls. 

WTiie  the  Thunder-cloud  is  fwelling,  and  extending 
its  branches  over  a large  traft  of  country,  the  lightning 
is  feen 'to  dart  from  one  part  of  it  to  another,  and  often 
to  illuminate  its  whole  mafs.  When  the  cloud  has 
^required  a fufficient  extent,  the  lightning  ftrikes  between 
the  cloud  and  the  earth,  in  two  oppofite  places,  the 
path  of  the  lightning  lying  through  the  whole  body  of 
the  cloud  and  its  branches.  The  longer  this  ligiitniiig 
continues,  the  lefs  denfe  does  the  cloud  become,  and 
the  lefs  dark  its  appearance  ; till  at  length  it  breaks  in 
dift'erent  places,  and  fliews  a clear  fley. 

Thefe  Thunder-clouds  Vv^eve  fometimes  in  a pofitive 
as  well  as  a negative  ftate  of  eiedlricity.  The  electricity 
continued  longer  of  the  fame  kind,  in  proportion  as 
the  Thunder-cloud  was  fimple,.  and  uniform  m its  di- 


reaion  i but  when  the  lightning  changed  its  pface,. 
there  commonly  happened  a change  in  the  eleCtricity 
of  the  apparatus,'  over  'which  the  clouds  paffed.  It 
would  change  fuddenly  after  a very  violent  flafh  of 
lightning,  but  the  change  would  be  gradual  when  the 
llu-htning  was  moderate,  and  the  progrefsof  the  Thun- 
der-cloud flow.  Beccar.  Lettere  delPElettricifmo  pa. 
107  : or  Pneftlev^s  Hift.  Elec.  vol.  l,  p.  397* 
alfo  IjIGHtning. 

in  Ekaricity,  is  an.  inftrument 
invented  by  Dr.  James  Lind,  for  illiiftrating  the  manner 
in  which  buildings  receive  damage  from  lightning,  and 
to  evince  the  utility  of  metallic  conduaors  in  preferving 
them  from  it. 

A (fig.  I,  pi.  35),  is  a board  about  of  an  inch- 
thick,  and  fliaped  like  the  gable  end  of  a houfe.  Thls- 
boarel  is  hxt'd  ppi  pendiculariy  upon  the  bottom  board  B, 
upon  which  the  perpendicular  glafs  pillai  CD  is  alfo 
fixed  in  a hole  about  8 inches  diftant  from  the  balls  of 
the  board  A.  A fquare  hole  ILMK,  about^a  quarter 
of  an  inch  deep,  and  nearly  one  inch  wide,  is  made  iii- 
the  board  A,  and  is  filled  with  a fquare  piece  of  wood,, 
nearly  of  the  fame  dimenfions.  It  is  nearly  of  the  fame 
dimenfi.ons,  becaufe  it  muft  go  10  eafily  into  the  hole, 
that  it  may  drop  off,  by  the  leaft  fnaking  of  the  inftru- 
ment. A wire  LK  is  faftened  diagonally  to  this  fquare. 
piece  of  wood.  Another  wire  ID  of  the  fame  thickneis,. 
having  a brafs  ballH,  ferewed  on  Its  pointed  extremity, 
is  faftened  upon  the  board  A : fo  alfo  is  the  wire  MN,. 
which  is  fhaped  in  a ring  at  O.  From  the  upper  ex- 
tremity of  the  glafs  pillar  CD,  acrookedwire  pioceeds,,. 
having  a fpring  focket  F,  through  which  a double 
knobbed  wire  flips  perpendicularly,  the  lower  knob  G 
of  which  falls  juft  above  the  knob  H.  The  glafs  pillar 
DC  muft  not  be  made  very  faft  into  the  bottom  board  5. 
but  it  muft  be  fixed  fo  that  It  may  be  pretty  eafily 
moved  round  its  own  axis,  by  which  means  the  brafs 
ball  G may  be  brought  nearer  to  or  farther  from  the 
ball  H,  without  touching  the  part  EFG.  Now  when 
the  fquare  piece  of  wood  LMIK  (which  mayreprefent 
the  fhutter  of  a windov.’^  or  the  like)  is  fixed  into  th& 
hole  fo  tliat  the  wire  LK  Hands  in  the  dotted  reprefenta.- 
tion  IM,  then  the  metallic  communication  from  FI  to 
O is  complete,  and  the  inftrument  reprefents  a houfe 
furniflied  with  a proper  metallic  conductor  ; but  if  the 
fquare  piece  of  wood  LMIK  be  fixed  fo  that  the  wire 
LK  ftands  in  the  direaion  LK,  as  reprefented  in  the 
figure,  then  the  metallic  conduaor  HO,  from  the  top- 
of  the  houfe  to  its  bottom,  is  interrupted  at  IM,  in 
which  cafe  the  houfe  is  not  properly  fecured. 

Fix  the  piece  of  wood  LMIK,  fo  that  its  wire  may 
be  as  reprefented  in  the  figure,  in  which  cafe  the  me- 
tallic condudtor  FIO  is  difeontinued.  Let  the  ball  G 
be  fixed  at  about  half  an  inch  perpendicular  diftance 
from  the  ball  H ; then,  by  turning  tiie  giafs  pillar  DC,- 
remove  the  former  ball  from  the  latter;  by  a wire  or 
chain  oonnea  the  wire  EF  with  the  wire  of  the  jar 
P ; and  let  another  wire  or  chain,  faftened  to  the  hook. 
O,  touch  the  ouefide  coating  of  the  jar.  Connedl  the 
wire  Q^with  the  prime  condudor,  and  charge  the  jar  ; 
then,  by  turning  the  glafs  pillar  DC,  let  the  ball  G 
come  gradually  near  the  ball  H,  and  when  they  aie 
arrived  fufiiciently  near  one  another,  you  wfill  obierve, 

that  the  iar  explodes  and  the  piece  of  wood  LMIK  is, 

puflicd 


T I D 


f ^95  J 


T I D 


pufhed  out  of  the  hole  to  a conhderable  diflance  from 
the  Thunder- houfe. 

Now  the  ball  G,  in  this  experiment,  reprefents  an 
■eledtrified  cloud,  winch,  when  it  is  arrived  fufficiently 
near  the  top  of  the  houfe  A,  the  eleairicity  llrikes  it  ; 
and  as  this  houfe  is  not  fecured  with  a proper  conduftor, 
the  expiofion  breaks  part  of  it,  i.  e.  knocks  off  the 
piece  of  wmod  IM. 

Repeat  the  experiment  with  cidy  this  variation,  viz, 
that  tins  piece  ot  wood  IM  be  fituated  fo  that  the  wire 
TK.  may  hand  m the  fituation  l?yl ; in  which  cafe  the 
■condudtor  HO  is  not  difcontinued  ; and  you  will  ob- 
ierve  that  the  expiofion  will  have  no  effeOf  upon  the 
pie'ce  of  wood  LM ; this  remaining  in  the  hole  un- 
moved ; which  (hews  the  ufefulnefs  of  the  metalhc  con- 
ductor. 

Farther,  unferew  the  brafs  ball  H from  the  wire 
HI,  fo  that  this  may  remain  pointed,  and  with  this 
difference  only  in  the  apparatus  repeat  both  the  above 
-experirnents,  and  you  will  find  that  the  piece  of  wood 
IM  is  in  ijeither  cafe  moved  from  its  place,  nor  will 
any  expiofion  be  heard  ; which  not  only  demonftrates 
the  preference  of  condudlors  with  pointed  terminations 
to  thole  with  blunted  ones,  but  alfo  fliews  that  a houfe, 
furnifhed  with  fharpterminations,  although  not  furnifhed 
with  a regular  conduftor,  is  almofl  fufficicntly  guarded 
againfl  the  effefts  of  lightning. 

Mr.  Henley,  having  conncdled  ajar  containing  509 
fquare  Inches  of  coated  lurface  with  his  prime  conductor, 
obferved  that  if  it  was  fo  charged  as  to  raife  the  index 
of  his  eledlrometer  to  60°,  by  bringing  the  ball  on  the 
wire  of  the  Thunder-houfe,  to  the  diftance  of  half  an 
inch  from  that  connctled  with  the  prime  condndlor, 
the  jar  would  be  difeharged,  and  the  piece  In  the  Thun- 
der-hoTife  thrown  out  to  a confiderable  didance.  Ufing 
a pointed  wure  for  a conduHor  to  the  Thunder-houfe, 
inftead  of  the  knob,  the  charge  being  the  fame  as  be- 
fore, the  jar  was  difeharged  filently,  though  fiiddenly  ; 
and  the  piece  was  not  thrown  out  of  the  Thunder- 
houfe.  In  another  experiment,  having  made  a double 
circuit  to  the  Thunder-houfe,  the  firll  by  the  knob, 
the  fecond  by  a fharp-pointed  wire,  at  an  inch  and  a 
quarter  diftance  from  each  other,  but  of  exactly  the 
fame  height  (as  in  fig.  2)  the  charge  being  the  fame  ; 
although  the  knob  was  brouglit  firll  under  that  con- 
nedled  with  the  prime  coiiduiftor,  which  was  railed  half 
an  inch  above  it,  and  followed  by  the  point,  yet  no 
expiofion  could  fall  upon  the  knob  ; the  point  drew  off 
the  whole  cliarge  filently,  and  the  piece  in  the  Thunder- 
lioufe  remained  unmoved. 

Phil.  Tranf.  vol.  64,  p.  136.  See  Points  in  Elec- 
tricity. 

THURSDAY,  the  5th  day  of  the  Chriftian’s  week, 
F)iit  the  6ih  of  the  Jews.  I’lie  name  is  from  Thor,  one 
of  the  Saxon  Gods. 

THUS,  in  Sea-Language,  a word  ufed  by  the  pilot 
■sn  airefting  tlie  htlmfman  or  fteerfman  to  keep  the 
ihip  in  her  prefviit  fituation  v/hen  failing  with  a fcant 
wind,  fo  that  ftiC  may  not  approach  too  near  the  direc- 
^tion  of  the  whid,  which  would  fhiver  lier  fails,  nor  fall 
to  leeward,  and  run  farther  out  of  her  courfe. 

. TIDES,  two  periodical  motions  of  tlie  w-aters  of 
the  fea ; called  alfo  the  Jl-ux  and  rijlux^  or  the  elh  and 


The  Tides  are  found  to  follow  periodically  the  coiirfe 
of  the  fun  and  moon,  both  as  to  time  and  quantity 
And  hence  it  has  been  fufpefted,  in  all  ages,  that  the 
Tides  were  fomehow  produced  bv  the  influence  of 
thefe  luminaries.  Thus,  feverai  of  the  ancients,  and. 
among  others,  Pliny,  Ptolomy,  and  Macrobius,  were 
acquainted  with  the  influence  of  the  fan  and  moon 
upon  the  Tides  ; and  Pliny  fays  exprefslv,  that  the 
caufe  of  the  ebb  and  flow  is  in  the  fun,  which  attradU 
the  w'aters  of  the  ocean  ; and  adds,  that  the  waters  rife 
In  proportion  to  the  proximity  of  the  moon  to  the  earth. 
It  is  indeed  now  well  known,  from  the  dilcoveries  of 
Sir  liaac  Newton,  that  the  Tides  are  caufed  by  the 
gravitation  of  the  earth  tow^ards  the  fun  and  moon. 
Indeed  the  fagaclous  Kepler,  long  ago,  conjeaured 
this  to  be  the  caufe  of  the  Tides:  “ If,  faysJie,  tie 
earth  ceafed  to  attraa  its  w'aters  towards  itfelf,  all  the 
w'ater  in  tlic  ocean  would  rife  and  flow  into  the  moon  : 
the  fphere  of  the  moon’s  attradlion  extends  to  our 
earth,  and  draws  up  the  water.”  Thus  thought  Kep- 
ler, in  his  Introd.  ad  Tlieor.  Mart.  This  furmife,  for 
it  was  then  no  more,  is  now  abundantly  verified  in  the 
theory  laid  down  by  Newton,  and  by  Halley,  from  his 
principles,  ^ 

yls  io  ihs  Phenomena  0/  /A  Tides  : i.  The  fea  is 
obferved  to  flow,  for  about  6 hours,  from  fouth  toward# 
north;  the  fea  gradually  fwelling ; fo  that,  enterino* 
the  mouths  of  rivers,  It  drives  back  the  river-watera 
towards  their  heads,  or  fprings.  After  a continual 
flux  of  6 hours,  the  fea  feemsto  reft  for  about  a quarter 
of  an  hour  ; after  which  it  begins  to  ebb,  or  retire  back 
asrain,  from  north  to  fouth,  for  6 hours  more  • in 


w'hich  time,  the  water  finking,  the  rivers  refume  their 
natural  coiirfe.  Then,  after  a feeming  paufe  of  a 
quartei  of  an  hour,  the  fea  again  begins  to  flow,  as 
before  ; and  fo  on  alternately. 

2,  Hence,  the  fea  ebbs  and  flows  twice  a day,  but 
Hlling  every  day  gradually  later  and  later,  by  about 
48  minutes,  the  period  of  a flux  and  reflux  being  on 
an  average  about  12  hours  24  minutes,  and  the  double 
of  each  24  hours  48  minutes;  which  is  the  period  of  a 
lunar  day,  or  the  time  between  the  moon’s  palling  a 
meridian,  and  coming  to  it  again.  So  that  the  lea 
flows  as  often  as  the  moon  palfes  the  meridian,  both 
the  arch  above  the  horizon,  and  that  below  it;  and 
ebbs  as  often  as  fhe  pafi'es  the  hoiizon,  both  oa  the 
eallern  and  vveflern  jlde. 

Other  phenomena  of  tlie  Tides  a^e  as  below  ; and 
the  reafons  of  them  will  be  noticed  in  the/Fheory  of 
the  Tides  that  follows. 

3.  The  elevation  towards  the  mocn  a little  exceed# 
the  oppolite  one.  And  the  quantity  of  the  afeent  of 
the  water  is  diminuticd  troiTi  the  euuator  towards  the 
poles. 

4.  From  ;he  fun,  every  natural  day,  the  fea  is  twice 
elevated,  and  twice  deprelfed,  the  lame  as  for  the  moon, 
Put  the  foiar  Times  are  much  lUs  tliau  the  lunar  ones, 
on  account  of  tiie  inimenfe  diliance  of  tlie  fun  ; vet 
they  arc  both  lubieft  to  the  fame  laws. 

5.  The  Tides  which  depend  upon  the  aAions  of 
the  fun  and  moon,  are  not  dillinguiihed,  but  com- 
pounded,  and  fo  forming  as  to  fenfe  one  united 
i idc,  incicalmg  and  decreafmg,  and  th.us  making  neap 
and  Ipring  i ides ; ior^  by  ih-c  action  of  the  fun,  th? 

4 ^ ^ lunar 
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lunar  Tide  Is  only  changed  ; which  change  vanes  every 
day,  by  reafon  of  the  inequality  between  the  natura 

blTnUie  fyzygies  the  elevations  from  the  adion  of 

both  luminaries  concur,  and  the  fea  is  ^ 

ed  But  the  fea  afcends  left  in  the  quadratures ; for 
where  the  water  is  elevated  by  the  adion  of  the  moon, 
it  is  depreffed  by  the  action  of  the  lun  ; and  vice  verfa. 
Therefore,  while  the  moon  pafies  from  the  fyzygy  to 
the  quadrature,  the  daily  elevations  are_ continually  di- 
mluifhed:  on  the  contrary,  they  are  increased  while 
the  moon  moves  from  the  quadrature  to  the  fyzygy. 
At  a new  moon  alfo,  ccetcris  paribus y the  e e\a' 
tions  are  greater  ; and  thofe  that  follow 
ther  the  fame  day,  are  more  cnTerent  than  at  fuii 

” The  greateft  elevations  and  deprefiions  rue  not 

obfervedtiR  the  2d  or  3d  day  after  the  new  or  full 
moon.  And  if  we  coivuder  the  luminaries  receamg 
horn  the  plane  of  the  equator,  we  fiiall  perceive  tliat 
the  agitation  is  dlmlnhiied,  and  becomes  lefs,  ac- 
cording as  the  declination  of  the  lumiiianes  becomes 


o-reater. 

o 


8.  In  the  fyzygies,  and  near  the  equinoxes,  the 
Tides  are  obferved  to  be  the  greateft,  both  luminaries 

beino*  in  or  near  the  equator. 

g^Theaaions  of  the  fun  and  moon  are  greater,  the 

ne^^r’er  thofe  bodies  are  to  the  earth  ; and  the  lefs,  as 
they  are  farther  off.  Alfo  the  greateft  Tides  happen 
near  the  equinoxes,  or  rather  when  the  fun  is  a little 
to  the  fouth  of  the  equator,  that  is,  a little  before  the 
vernal,  and  after  the  autumnal  equinox.  But  yet  this 
does  not  happen  regularly  every  year,  bccanie  iome 
variation  may  arife  from  the  htuation  of  the  moon  s 
orbit,  and  the  diftance  of  the  fyzygy  from  the  equi- 

10.  All  thefe  phenomena  obtain,  as  defenbed,  in 
the  open  fea,  where  the  ocean  is  extended^  enough  to 
be  fubied  to  thefe  motions.  But  th^e  particular  litua- 
tlons  of  places,  as  to  fhores,  capes,  ftraits,  &c,  difturb 
thefe  general  rules.  Yet  it  is  plain,  from  the  moft 
common  anduniveifal  obfervations,  that  the  Tides  fol- 
low the  laws  above  laid  down. 

1 1.  The  mean  force  of  the  moon  to  move  the  lea, 

k to  that  of  the  fun,  nearly  as  4t  to  I.  And  there- 
fore, if  the  adfion  of  the  fun  alone  produce  a Tide  of 
2 feet,  which  it  has  be^n  ftated  to  do,  that  of  the 
moon  will  be  9 feet ; from  which  it  folio that  the 
fpring  Tides  will  be  1 1 feet,  and  the  neap  Tides  7 feet 
high.  But  as  to  fuch  elevations  as  far  exceed  thefe, 
they  happen  from  the  motion  of  the  waters  againft 
fome  obftacles,  and  from  the  fea  violently  entering  into 
ftraits  or  gulphs  where  the  force  is  not  broken  till  tae 
water  rifes  higher. 

^Theory  oj  the  Tides. 

T.  If  the  earth  were  entirely  fluid,  ano  qiiiefcenu, 
it  is  evident  that  its  particles,  by  their  mutual  gravity 
towards  each  other,  would  form  the  whole  mais  into 
the  figure  of  an  exad  fphere.  Then  fuppofe  fome 
power  to  ad  on'  all  the  particles  of  this  fphere 
with  an  equal  force,  and  in  parallel  diredions ; by 


fuch  a power  the  whole  mafs  will  be  moved  toge* 
ther,  but  its  figure  will  fuffer  no  alteration  by  it, 
being  ftlll  the  fame  perfed  fphere,  whofe  centre  will 
have  the  fame  motion  as  each  particle.  ^ 

Upon  this  fuppofitlon,  if  the  motion  of  the  eartli 
round  the  common  centre  of  gravity  of  the  earthy  and 
rnoon  were  deftroyed,  and  the  earth  left  to  the  influ- 
ence of  its  gravitation  towards  the  moon,  as  the 
aclino*  power  above  mentioned  ; then  the  earth 
would  fall  or  move  ftraight  towards  the  moon,  but 
ftiil  retaining  its  true  fpherical  figure. 

But  the  fad  is,  that  the  effeds  of  the  moon’s  ac- 
tion, as  well  as  the  adlon  itfelf,  on  different  parts  of 
the  earth,  are  not  equal ; thofe  parts,  by  the  general 
law  of  gravity,  being  moft  attraded  that  are  neared 
the  moon,  and  thofe  being  lead  attraded  that  aie  fai- 
theft  from  her,  while  the  parts  that  are  at  a middle 
diftance  are  attraded  by  a mean  degree  of  force  be- 
fides,  all  the  parts  are  not  aded  on  in  parallel  lines,  but 
in  lines  direded  towards  the  centre  of  the  moon . on 
both  which  accounts  the  fpherical  figure  of  the  fluid 
earth  mud  fuffer  fome  change  from  the  adion  of  the: 
moon.  So  that,,  In  falling,  as  above,  the  nearer  parts,, 
being  moft  attraded,  would  fall  quickeft  ; the  farther 
parts,  being  lead  attraded,  would  fall  flowed;  and 
the  fluid  mafs  would  be  lengthened  out,  and  take  a 
kind  of  fpheroidical  form-,  ^ 

Hence  it  appears,  and  what  mud  be  carefully  ob- 
ferved,  that  it  is  not  the  adion  of  the  moon  itfelf,, 
but  the  inequalities  in  that  adion,  that  caufe  any 
variation  from  the  fpherical  figure  and  that,  if  thii- 
adion  were  the  fame  in  all.  the  particles  as  In  the  cen- 
tral parts,  and  operating  in  the  fame  diredion,  no-^ 
fuch  change  would,  enfue. 

Let  us  now  admit  the  parts  of  the  earth  to ' gravi- 
tate toward  its  centre  ; then,  as  this  gravitation  far 
exceeds  the  adion  of  the  moon,,  and  much  more  ex^ 
ceeds  the  differences  of  her  adions  on  different  parts 
of  the  earth,  the  effed  that  refults  from  the  inequali- 
ties of  thefe  adions  of  the  moon,  will  be  only  a. 
fmall  diminution  of  the  gravity  of  thofe  parts  of  the 
earth  which  it  endeavoured  in  the  former  fiippofition 
to  feparate  from  its  centre  that  is,  thofe  parts  of  the 
earth  which  are  neared  to  the  moon,  and  thofe  that 
are  fartheft  from,  her,  will  have  their  gravity  toward 
the  earth  fomewhat  abated  ; to  fay  nothing  of  the  a- 
teral  parts.  So  that  fuppofing  the  earth  fluid,  the 
columns  from  the  centre  to  the  neared,  and  to  the 
fartheft  parts,  mud  rife,  till  by  their  greater  height 
they  be  able  to  balance  the  other  columns,  whofe  gra- 
vity is  lefs  altered  by  the  inequalities  of  the  moon’®- 
adion.  And  thus  the  figure  of  the  earth  mud  dm  be 

an  oblong  fpheroid.  r r ir 

Let  us  now  confider  the  earth,  inftead  or  railing 

toward  the  moon  by  its  gravity,  as  projeded  in  any 
diredion,  fo  as  to  move  round  the  centre^  of  gravity 
of  the  earth  and  moon  i.  it  is  evident  that  In  this  cale, 
the  feveral  parts  of  the  fluid  earth  will  ftiH  preferve 
their  relative  pofitlons ; and  the  figure  of  the  eai  t 1 
will  remain  the  fame  as  if  it  fell  freely  toward  the 
moon  ; that  is,  the  earth  will  dill  affume  a fpheroidal 
form,  having  its  longed  diameter  direded  toward,  the 


moon. 
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From  the  above  reafoning  it  appears,  that  the  parts 
of  the  earth  directly  under  the  moon,  as  at  H,  and 
alfo  the  oppofite  parts  at  D,>  will  have  the  flood  or 
hlghwater  at  the  fame  time  ; while  the  parts,  at  B 
and  F,  at  90°  dillance,  or  where  the  moon  appears 
in  the  horizon,  will  have  the  ebbs  or  lovveh  waters  at 
that  time. 

Hence,  as  the  earth  turns  round  its  axis  from  the 
moon  to  the  moon  again  in  24  hours  48  minutes, 
tills  oval  of  water  mull  fhift  with  It  ; and  thus  there 
will  be  two  Tides  of  flood  and  two  of  ebb  in  that 
time. 

But  It  is  further  evideet  that,  by  the  motion  of  the 
earth  on  her  axis,  the  moll  elevated  part  of  the  water 
is  carried  beyond  the  moon  in  the  dire6lion  of  the  ro- 
tation. So  that  the  water  continues  to  rife  after  it 
has  paffed  diredly  under  the  moon,_  though  the  imme- 
diate adion  of  the  moon  there  begins  to  dccreafe,  and 
comes  not  to  its  greatell  elevation  till  it  has  got  about 
half  a quadrant  farther.  It  continues  alfo  to  defeend 
after  it  has  paffed  at  go°  dillance  from  the  point  be- 
low the  moon,  to  a like  dillance  of  about_  half  a qua- 
drant. The  greatell  elevation  therefore  Is  not  in  the 
line  drawn  through  the  centres  of  the  earth  and  moon, 
nor  the  lowed  points  where  the  moon  appears  in  the 
horizon,,  but  all  thefe  about  half  a quadrant  removed 
eallward  from  thefe  points,  in  the  diredion  of  the 
motion  of  rotation.  Tims  in  open  feas,  where  the 
water  flows-freely,  the  moon  M Is  generally  pad  the 
north  and  fouthimeridian,  as  at  wdien  the  high  water 
is  at  Z and  at  n : the  reafon  of  which  Is  plain,  becaufe 
the  moon  ads  with  the  fame  force  after  Ihe  has  paffed 
the  meridian,  and  thus  adds  to  the  hbratory  or  vvav’ing 
motion,  \vhich  the  water  acquired  when  fhe  was  in  the 
meridian  ; and  therefore  the  time  of  high  water  is 
not  precifely  at  the  time  of  her  coming  to  the  ineii- 

dian,  but  fome  time  after,  &c. 

Befides,  the  Tides  anfwer  not  alw'ays  to  the  fame 
dIdance  of  the  moon,  from  the  meridian,  at  the  fame 
places  ; but  are  varioudy  affeded  by  the  adion  of  the 
fun,  which  brings  them  on  fooner  when  the  moon  is 
in  her  fird  and  third  quarters,  and  keeps  them^  back 
later  when  die  is  in  her  2d  and  4th  j becanle,  in  the 
former  cafe  the  T.  ide  raifed  hy  the  fun  alone  would  be 
earlier  than  the  Tide  raifed  by  the  moon,  and  in  the 
latter  cafe  later. 

2.  We  have  hitherto  adverted  only  to  the  adion  of 
the  moon  in  producing  Tides  ; but  it  is  manifed  that, 
for  the  fame  reafons,  the  inequality  of  the  fun’s  adion 
.on  different  parts  of  the  earth,  would  produce  a like 
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effed,  and  a like  variation  from  the  exad  fpherical  fi- 
gure of  a fluid  earth.  So  that  in  reality  there  are 
two  Tides  every  natural  day  from  the  adion  of  the 
fun,  as  there  are  in  the  lunar  day  from  that  of  the 
moon,  fiibjed  to  the  fame  laws;  and  the  lunar  Tide, 
as  we  have  obferved,  is  fomewhat  changed  by  the  ac- 
tion of  the  fun,  and  the  change  varies  every  day  on 
account  of  the  inequality  between  the  natural  and  the 
lunar  day.  Indeed  the  effed  of  the  fun  in  producing 
Tides,  becaufe  of  his  immenfe  dillance,  mud  be  con- 
fiderably  lefs  than  that  of  the  moon,  though  the  gra- 
vity toward  the  fun  be  much  greater  : for  it  is  not  the 
adion  of  the  fun  or  moon  itfelf,  but  the  inequalities  in 
that  adion,  that  have  any  effed  : the  fun’s  dillance  is 
fo  great,  that  the  diameter  of  the  earth  Is  but  as  a point 
in  comparllon  with  it,  and  therefore  the  difference  be- 
tween tlie  fun’s  adions  on  the  neareft  and  farthed  parts, 
becomes  vadly  lefs  than  it  would  be  if  the  fun  were  as 
near  as  the  rrioon.  How'cver  the  immenfe  bulk  of  the 
fun  makes  the  eded  dill  ienlible,  even  at  fo  (Treat  a 
didance ; and  therefore,  though  the  adion  of  the 
moon  has  the  greated  lhare  in  producing  the  Tides, 
the  adion  of  the  fun  adds  fenfibly  to  it  w'hen  they 
confpire  together,  as  in  the  full  and  change  of  the 
moon,  when  they  are  nearly  In  the  fame  line  with  the 
centre  of  the  earth,  and  therefore  unite  their  forces  ; 
confequently,  in  the  fyzygies,  oral  new  and  full  moon, 
the  Tides  are  the  greated,  being  what  are  called  the 
Spring-Tides.  But  the  adion  of  the  fun  diminilhes 
the  effed  of  the  moon’s  adion  in  the  quarters,  becaufe 
the  one  ralfes  the  water  in  that  cafe  where  the  other 
depreffes  it ; therefore  the  Tides  are  the  lead  in  the 
quadratures,  and  are  called  Neap-Tides. 

Newton  has  calculated  the  effeds  of  the  fun  and 
moon  refpedively  upon  the  Tides,  from  their  attradive 
powers.  The  former  he  finds  to  be  to  the  force  of 
gravity,  as  i to  12868200,  and  to  the  centrifugal  force 
at  the  equator  as  i to  44527,  The  elevation  of  the 
waters  by  this  force  Is  confidered  by  Newton  as  an 
effed  fimilar  to  the  elevation  of  the  equatorial  parts 
above  the  polar  parts  of  the  earth,  arlfing  from  the 
centrifugal  force  at  the  equator;  and  as  it  is  44527 
times  lefs,  be  sfinds  it  to  be  24^  Inches,  or  2 feet 
and  f an  inch. 

To  find  the  force  of  the  moon  upon  the  water,- 
Newton  compares  the  fpring-tides  at  the  mouth  of  the 
river  Avon,  below  Brillol,  with  the  neap-tides  there, 
and  finds  the  proportion  as  9 to  5 ; whence,  after  le- 
veral  neceffary  corrediens,  he  concludes  that  the  force 
of  the  moon  to  that  of  the  fun,  in  railing  the  waters 
of  the  ocean,  is  as  4*4815  to  1 ; fo  that  the  force  of 
the  moon  is  able  of  itfelf  to  produce  an  elevation  of 
9 feet  1 1 inch,  and  the  fun  and  moon  together  may 
produce  an  elevation  of  about  ii  feet  2 inches,  when 
at  their  mean  dlllances  from  the  earth,  or  an  elevatioa 
of  about  12|  feet,  when  the  moon  is  neared  the  earth. 
The  height  to  which  the  water  is  found  to  rife,  upon 
coads  of  the  open  and  deep  ocean,  is  agreeable  enough 
to  this  computation. 

Dr.  Hoilley  edimates  the  force  of  the  moon  to  that 
of  the  fun,  as  5*0469  to  i,  in  his  edit,  of  Newton’s 
Princip.  See  the  Princip.  lib.  3,  fed.  3,  pr.  56  and 
37  ; alfo  Maclaurin’s  Differt.de  Caufa  Phyfica  FIuxus 
et  Refltijus  Maris  apud  Phil,  Nat.  Princ,  Math,  Com-. 

meat. 
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'•wsnt.  le  Sent*  Sc  Jacqulerj  tom.  3,  p.  272.  And  other 
Calculators  make  the  proportion  ilill  more  difl'erent. 

3.  It  mutt  be  obferved,  that  the  fpring-tides  do  not 
happen  precifely  at  new  and  fall  moon,  nor  the  neap- 

. tides  at  the  quarters,  but  a day  or  two  after  ; becaufe, 
as  in  other  cafes,  fo  in  this,  the  effecb  is  not  greateft  or 
lead  when  the  immediate  influence  of  the  caufe  is 
|i;reateil  or  lead.  As,  for  example,  the  greated  heat» 
IS  not  on  ifie  day  of  the  foldice,  when  the  immediate 
adlion  of  the  fun  is  greated,  but  fome  time  after  ; fo 
likewife,  if  the  acliuns  of  the  fun  and  moon  diould 
fuddcnly  ceafe,  yet  the  Tides  would  continue  to  have 
’^lieir  courfe  for  fome  time  ; and  like  alfo  as  the  waves 
of  the  fea  continue  after  a dorm* 

4.  The  different  didances  of  the  moon  from  the 
caith  produce  a fcnfible  variation  in  the  Tides.  When 
the  moon  approaches  tovvaid  the  earth,  her  aefton  on 
•every  part  increafes,  and  the  differences  of  that  action, 
on  which  the  Tides  depend,  alfo  increafe  ; and  as  tlie 
moon  approaches,  her  adlion  on  the  neared  .parts  in- 

'.Oreafes  more  cpiickly  than  that  on  the  remote  parts,  fo 
that  the  Tides  increafe  in  a higher  proportion  as  the 
.inoon^s  diltances  decreafe.  In  fadf,  it  is  fhewn  by 
"Newton,  that  the  Tides  increafe  in  proportion  as  the 
•cubes  of  the  diilances  decreafe ; fo  that  the  moon 
at  lialf  her  didance  would  produce  a Tide  8 times 
..^greater. 

The  moon  deferibes  an  oval  about  the  earth,  and 
‘at  her  neared  didance  produces  a Tide  feniibly  greater 
t’lan  at  her  greated  didance  from  the  earth  c and  hence 
It  is  that  two  great  fpring  tides  never  fucceed  each 
other  immediately ; for  if  the  moon  be  at  her  lead 
rdidance  from  the  earth  at  the  change,  (he  mud  be  at 
her  greated  didance  at  the  full,  having  made  half  a re- 
volution in  the  intervening  time,  and  therefore  the 
fpring-tide  then  will  be  much  lefs  than  that  at  the 
lad  change  was  ; and  for  the  fame  reafon,  if  a great 
fpring-tide  happen  at  the  time  of  full  moon,  the  Tide 
at  the  enfuing  change  will  be  iefs. 

5.  The  fpring-tides  are  highed,  and  the  neap-tides 
-lowed,  about  the  time  oi  the  equinoxes,  or  the  latter 
.end  of  March  and  September;  and,  on  the  contrary, 
the  fpring-tides  are  the  lowed,  and  the  neap-tides  the 
highed,  at  the  foldices,  or  about  the  latter  end  of 
June  and  December:  fo  that  the  difference  between 
the  fpring  and  neap  Tides,  is  much  more  confiderable 
about  the  equinodial  than  the  folditial  feafons  of  the 
year.  To  illudrate  and  evince  the  truth  of  this  ob- 
servation, let  us  confider  the  eftedf  of  the  luminaries 
upon  the  Tides,  when  in  and  out  of  the  plane  of  the 
equator.  Now  it  is  manifed,  that  if  either  the  fun  or 
moon  were  in  the  pole,  they  could  not  have  any  effe6l 
on  the  Tides ; for  their  adlion  would  raife  all  the  wa- 
ter at  the  equator,  or  at  any  parallel,  quite  around,  to 
a uniform  height  ; and  therefore  any  place  of  the  earth, 
in  deferibing  its  parallel  to  the  equator,  would  not 
meet,  in  its  courfe,  with  any  part  of  the  water  more 
elevated  than  another  ; fo  that  there  could  be  no  Tide 
in  any  place,  that  is,  no  alteration  in  the  height  of  the 
waters. 

On  the  other  hand,  the  effedd  of  the  fun  or  moon 
is  greated  when  in  the  equinodtial ; for  then  the  axis 
of  the  fpheroidal  figure,  arifmg  from  their  adtion, 
moves  In  the  greated  circle,  and  the  water  is  put  into 


the  greated  agitation  ; and  hence  it  is  that  the 
fpring-tides  produced  when  the  fun  and  moon  are 
both  in  the  equino6tiaI,  are  the  greated  of  any, 
and  the  neaptides  the  lead  of  any  about  thad  time. 
And  when  the  luminary  is  any  where  between 
the  equinocdlal  and  the  pole,  the  Tides  are  tlie 
fmaller. 

6.  The  highed  fpring  tides  are  after  tlic  autumnal 
and  before  the  vernal  equinox  : tlie  reafon  of  which  is, 
becaufe  the  fun  is  nearer  the  earth  in  winter  than  in 
iumni.er. 

7.  Since  the  greated  of  the  two  Tides  happening  in 
every  diurnal  revolution  of  the  moon,  is  that  in  which 
the  moon  is  neared  the  zenith,  or  nadyr : for  this  rea- 
fon, while  the  fun  is  in  the  northern  dgns,  the  greater 

of  the  two  -diurnal  Tides  in  our  climates,  is  that  arifnigr 

» * 

from  the  moon  above  the  horizon;  when  the  fun  is  in 
the  fouthern  figns,  the  greated  is  that  arifing  from  the 
moon  below  the  horizon.  Thus  It  is  found  bv  obfer- 
vation  that  the  evening  Tides  in  the  fummer  exceed  the 
morning  Tides,  and  in  winter  the  morning  Tides  ex- 
ceed the  evening  Tides.  Tire  difference  is  found  at 
-BriRoI  to  amount  to  15  inches,  and  at  Plymouth  to  12, 
It  would  be  dill  greater,  but  that  a fluid  always  retains 
an  imprefled  motion  for  fome  time  ; fo  that  the  pre- 
ceding Tides  affeft  always  thofe  that  follow  them.* 
Upon  the  whole,  while  the  moon  has  a north  declina- 
tion, the  greated  Tides  in  the  northern  hemifphere 
are  when  die  is  above  the  horizon,  and  the  reverfe 
while  her  declination  is  fouth. 

8.  Such  would  the  Tides  regularly  be,  if  the  earth 
were  all  over  covered  with  the  fea  very  deep,  fo  that 
the  water  might  freely  follow  the  influence  of  the  fun 
and  moon  ; but,  by  reafon  of  the  dioalnefs  of  fome 
places,  and  the  narrownefs  of  the  draits  in  others, 
through  which  the  Tides  are  propagated,  there  arifes  a 
great  diverfity^  in  the  effe6l  according  to  the  various 
circumdances  of  the  places.  Thus,  a very  flow  and 
imperceptible  motion  of  the  whole  body  of  water, 
where  it  is  very  deep,  as  2 miles  for  in  dance,  will  ftif- 
flee  to  raife  its  furface  10  or  12  feet  in  a Tide’s  time: 
whereas,  if  the  fame  quantity  of  water  were  to  be  con- 
veyed through  a channel  of  40  fathoms  deep,  it  would 
require  a very  rapid  dream  to  cfleid  it  in  fo  large  in- 
lets as  are  the  Englifli  channel,  and  the  German  ocean; 
whence  the  Tide  is  found  to  fet  dronged  in  thofe  places 
where  the  fea  grow's  narrowed,  the  fame  quantity  of 
water  being  in  that  cafe  to  pafs  through  a fmaller  paf- 
fage.  This  is  particularly  obfervable  in  the  draits 
between  Portland  and  Cape  la  Hogue  in  Normandy, 
where  the  Tide  runs  like  a fluice  : and  would  be  yet 
more  fo  between  Dover  and  Calais,  if  the  Tide  comintr 

' o 

round  the  iflanddid  not  check  it. 

This  force,  when  once  imprefled,  continues  to  carry 
the  water  above  the  ordinary  height  in  the  ocean,  efpe- 
cially  where  the  water  meets  a diredd  obllacle,  as  it  does 
in  St.  Maloes  : and  where  it  enters  into  a lonp-  channel 

o 

which,  running  far  into  the  land,  grows  very  drait  at 
its  extremity^  as  it  does  into  the  Severn  fea  at  Chepdow 
and  Bridol. 

Th  is  flioalnefs  of  the  fea,  and  the  intercurrent  con- 
tinents, are  the  reafons  that  in  the  open  ocean  the  Tides 
rife  but  to  very  fmall  heights  in  proportion  to  what 
they  do  in  wide-moiUhed  rivers,  opening  i-n  the  direc- 
tion 
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Hon  of  tlie  ftream  of  the  Tide  ; and  that  high  water 
IS  not  loon  after  the  moon’s  appulfe  to  the  meridian, 
blit  fome  hours  after  it,  as  it  is  obferved  upon  all  the 
weftein  coaih  of  Europe-  and  Africa,  from  Ireland  to 
the  Cape  of  Ctooo  Hope  ; in  all  which  a fouth-wed  moon 
makes  high  "water and  the  fame  it  is  faid  is  the  cafe 
on  the  weilern  fide  of  America..  So  that  Tides  hap- 
pen to  different-  places  at  all  diflances  of  the  moon 
from  the  meridian,  and  confequently  at  all  hours  of 
the  dar. 

Fo  allow  the  Tides  their  full  motion,  the  ocean  in 
which  they  are  produced,  ought  to  be  extended  from 
cafl  to  wed  go  degrees  at  lead  ; becaufe  that  Is  the  dif- 
tance  between  the  places  where  the  water  is  mod  raifed 
and  depreffed  by  the  moon.  Hence  it  appears  that  it 
is  only  in  the  great  oceans  that  fuch  Tides  can  be  pro- 
duced, and  why  in  the  larger  I'acidc  ocean  they  exceed 
thofe  in  the  Atlantic  ocean.  Hence  alfo  it  is  obvious, 
why  the  Tides  are  not  fo  great  in  the  torrid  zone,  be- 
tween Africa  and  America,  where  the  ocean  is  nar- 
rower, as  in  the  temperate  zones  on  either  fide  ; and 
hence  we  may  alfo  underdand  why  the  Tides  are  fo 
fmall  in  iflaiids  that  are  very  far  diflant  from  the  fhores. 
It  is  farther  miinifeft  that,,  in  the  Atlantic  ocean,  the 
i water  cannot  rife  on  one  fhore  but  by  defeending  on  the 
: other  ; fo  that  at  the  intermediate  iflands  it  mud  conti- 
nue at  a mean  height  between  its  elevations  on  thofe 
two  fhores.  But  when  Tides  pafs  over  fhoals,  and 
through  flraits  into  bays  of  the  fea,  their  motion  be- 
: comes  more  various,  and  their  height  depends  on  many 
: cirenm dances. , 

1.  o be  more  particular.  The  Tide  that  is  produced 
( on  the  wedern-  coads  of  Europe,  in  the  Atlantic,  cor- 
I lefponds  to  the  fitiiation  of  the  moon . already  defcrib- 
ed.  Thus  it  is  high  water  on  the  wedern  coails  of 
] Ireland,  Portugal  and  Spain,  about  the  3d  hour  after 
It  the  moon  has  pafled  the  meridian : from  thence  it 
I flows  into  the  adjacent  channels,  as  it  finds  the  eafied 
:(  padage.  One  current  from  it,  for  indance,  runs  up 
;<  by  the  fouth  of  England,  and  another  comes  in  by, the 
»i  north  of  Scotland  ; they  take  a confiderable  time  to 
'1  move  all  this  way,  making  always  high  water  fooner  in 
i the  places  to  which  they  fird  come  ; and  it  begins  to 
B fall  at  thefe  places  while  the  currents  are  dill  going  on 
3 to  others  that  are  farther  didant  in  their  courfe.  As 
f they  return,  they  are  not  able  to  raife  the  Tide,  be- 
r,  caufe  the  water  runs  fader  off  than  it  returns,  till,  by 
a new  Tide  propagated  from  the  open  ocean,  the  re- 
u turn  of  the  current  is  dopped,  and  the  water  begins  to 
t rife  again.  The  Tide  propagated  by  the  moon  in  the 
I German  ocean,  v/hen  die  is  3 hours  pad  tire  meridian, 
'takes  12  hours  to  come  from  thence  to  London  bridge; 

( fo  that  when  it  is  high  water  there,  a new  Tide  is  al- 
- ready  come  to  its  height  in  the  ocean;  and  in  fome 
^ intermediate  place  it  mud  be  low  water  at  the  fame 
1 time.  Confequently  when  the  moon  has  north  declina- 
L'tion,  and  we  diould  expedt  the  Tide  at  London  to  be 
the  greated  when  the  moon  is  above  the  horizon,  we 
[ find  it  is  lead  ; and  the  contrary  when  die  has  fouth 
*.  declination. 

At  feveral  places  it  is  high water  3 hours  before  the 
'moon  comes  to  the  meridian  ; but  that  Tide,  which 
I the  moon  pudics  as  it  were  before  her,,  is  only 


the  Tide  oppofite  to  that  which  was  raifed  by  hep 
wlien  T,e  was  9 hours  pad  the  oppofite  meridian. 

It  would  be  endlefs  to  recount  all  the  particular 
folutions,  which  are  eafy  confequcnces  from  this  doc- 
trine : as,  why  the  lakes  andfeas,  fuch  as  the  Cafpian 
fea  and  the  Mediterranean  fea,  the  Black  fea  and  the 
Baltic,  have  little  or  no  fenfible  Tides  : for  lakes  are 
ufually  fo  fmall,  that  when  the  moon  is  vertical  (he 
attradls  every  part  of  them  alike,  fo  that  no  part  of 
the  water  'can  be  raifed  higher  than  another  : and 
having  no  communication  with  the  ocean,  it  can  neither 
iucreale  nor  diminidi  their  water,  to  make  it  rife  and 
lall  ; and  feas  that  communicate  by  fuch  narrow  irilets,^ 
and  are  of  fo  immenfe  an  extent,  cannot  fpeedily  receive 
and  empty  water  enough  to  raife  or  fink  their  lurface 
any  thing  fenfibly. 

In  general  ; when  the  time  of  high  water  at  any 
place  is  mentioned,  it  is  to  be  underdood  on  the  days 
of  new  and  full  moons. — Among  pilots,  it  is  cudom- 
ary  to  reckon  the  time  of  flood,  or  high  water, 
by  the  point  of  the  compafs  the  moon  bears  on,  at 
that  time,  allowing  of.  an  hour  for  each  point. 
Thus,  on  the  full  and  change  days,  in  places  where  it 
is  flood  at  noon,  the  Tide  is  faid  to  flow  north  and 
fouth,  or  at  12  o’clock  : in  other  places,  on  the  fame 
days,  where  the  moon  bears  i,  2,  3,  q,  or  more  points 
to  the  cad  or  wed  of  the  meridian,  when  it  is  high 
water,  the  Tide  is  faid  to  flow  on  fuch  point  ; thus,  if 
the  moon  bears  SE, . at  dood,  it  is  faid  to  flow  SE  and  . 
N\V,  or  3 hours  before  the  meridian,  that  is,  at 
9 o’clock;  if  it  bears  SW,  it  flows  SW  and  NE, 
or  at  3 hours  after  the  meridian;  and  in  like  man-- 
ner  for  the  other  points  of  the  moon’s  bearing. 

d'he  times  of  high  water  in  any  place  fall  about  the 
fame  horns  after  a period  of  about  15  days,  or  betwev":n 
one  fpring  Tide  and  another  ; but  during  that  period, 
the  times  of  high  water  fall  each  day  later  by  about  48 
minutes. 

(^n  the  fubjcdt  of  this  article,  fee  Newton  Princ. 
Math.  lib.  3,  prop.  24,  and  De  Sydem.  Muiidi  feed. 
38-,  &c.  Apud  Opera  edit.  Hoifley,  tom,  3,  pa.  52- 
See.  p.  203  &c.  .Maclauiin’s  Account  of  Newton’s 
I)  ifc{jveries,  book  4,  ch.  7.  Fergtifon’s  Adron.  ch.  17. 
Robertlon’s  Navig.  book  6,  fecL  7,  8,  9,  Lalande’s 
Adron.  vol.  4. 

Tide  Z)A/,  an  indrument  contrived  by  Mr.  Fcr- 
gufon,  for  exhibiting  and  determining  the  date  of  the 
Tides.  For  the  conllriKdlon  and  ufe  of  which  fee  his  ■ 
Adron.  p,  297. 

Tide  Tailes,  are  tables  commonly  exhibiting?  tlie 
times  of  high  water  at  fundry  places,  as  tliey  Fall  on 
the  days  of  the  full  and  change  of  the  moon,  and 
fometimes  the  heiglit  of  them  alfo.  Thefe  are  com- 
mon in  mod  books  on  Navigation,  particularly  Fo- 
bertfon’s,  and  the  2d  ed.  of  Tables  requilite  to  be 
ufed  with  the  Nautical  Almanac.  See  one  at  High- 

‘waltTi 

TIERCE,  or  Teirce,  a liquid  meafure,  as  of 
wine,,  oil,  &c,  containing  42  gallons,  or  the  3d  part  of 
a pipe  ; whence  its  name. 

TIME,  a fucceffiou  of  phenomena  in  the  uni- 
verfe  ; or  a mode  of  duration,  marked  by  certain  pe- 
riods and  meafurcs ; chiefly  indeed  by  the  motion  - 
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«ind  revolution  of  the  luminaries,  and  particularly  of 
the  fun. 

The  idea  of  Time  in  general,  Locke  obferves,  we 
acquire  by  confidering  any  part  of  infinite  duration, 
as  fet  out  by  periodical  meafures ; the  idea  of  any 
particular  Time,  or  length  of  duration,  as  a day,  an 
hour,  &c,  we  acquire  firll  by  obfervin^  certain  appeal  - 
ances  at  regular  and  feemingly  equidillant  periods. 
Now,  by  being  able  to  repeat  theie  lengths  or  mea- 
fures of  Time  as  often  as  we  will,  wc  can  imagine 
duration,  where  nothing  really  endures  or  exiils  ; and 
thus  we  imagine  tomorrow,  or  next  year,  &:c.  ^ 

Some  of  the  later  fchool-philofophers  define  Time 
to  be  the  duration  of  a thing  whofe  exifience  is  neither 
without  beginning  nor  end:  by  this,  1. line  is  diftin- 
gnilhed  from  eternity. 

Arifiotle  and  the  Peripatetics  define  it,  numerus^ 
tnotus  fecundutn  prlus  pqjleritiSj  or  a mnltituoe  of 
tranfient  parts  of  motion,  fucceeding  each  other,  in  a 
continual  flux,  in  the  relation  of  priority  and  poilerio- 
rity.  Hence  it  fhould  follow  that  Time  is  motion  it- 
felf,  or  at  leaft  the  duration  of  motion,  confidered 
as  having  feveral  parts,  fome  of  which  are  continu- 
ally fucceeding  to  others.  But  on  this  principle,  Time 
or  temporal  duration  would  not  agree  to  bodies  at  reft, 
which  yet  nobody  will  deny  to  exift  In  Time,  or  to  en- 
dure for  a Time. 

To  avoid  this  inconvenience,  the  Epicureans  and 
Corpufcularians  made  Time  to  be  a fort  of  flux  different 
from  motion,  confifting  of  infinite  parts,  continually 
and  Immediately  fucceeding  each  other,  and  this  from 
eternity  to  eternity.  But  others  diredlly  explode  this 
notion,  as  eftabliftiing  an  eternal  being,  independent  of 
God.  For  how  fhould  there  be  a flux  before  any  thing 
exifted  to  flow  ? and  what  fhould  that  flux  be,  a fub- 
ftance,  or  an  accident  ? According  to  the  philofophic 
poet. 

Time  of  Itfelf  is  nothing,  but  from  thought 
Receives  its  rife  ; by  labouring  fancy  wrought 
From  things  coniider’d,  whilft  we  think  on  fomc 
As  piefent,  fome  as  paft,  or  yet  to  come. 

No  thought  can  think  on  Time,  that’s  ftlll  confeft. 
But  thinks  on  things  In  motion  or  at  reft.” 

And  fo  on.  Vide  Lucretius,  book  1. 

Time  may  be  diftinguiftied,  like  place,  into  ahfolute 
and  relcttive. 

Ahfolute  Time,  is  Time  confidered  In  Itfelf,  and 
without  any  relation  to  bodies,  or  their  motions. 

Relative  ov  Apparent  Time,  is  the  fenfible  meafure 
of  any  duration  by  means  of  motion. 

Some  authors  diftinguifli  Time  into  ajlrouoinical^i'i^ 
tiviL 

Ajironomlcul  Time,  is  that  which  is  taken  purely 
from  the  motion  of  the  heavenly  bodies,  without  any 
other  regard. 

CAi/TiME,  Is  the  former  Time  accommodated  to 
civil  ufes,  and  formed  or  diftinguiftied  into  years, 
months,  days,  &c. 

Time  makes  the  fubjeft  of  chronology. 

Time,  in  mufic,  Is  an  aftedlion  of  found,  by  which 
it  Is  faid  to  be  long  or  fliort,  with  regard  to  its  con- 
tinuance in  the  fame  tone  or  degree  of  tune. 


Mufical  Time  is  diftinguiftied  into  common  or  dupU 
Time,  and  triple  Time. 

Douhky  duphf  or  common  Time^  Is  when  the  notes 
are  in  a duple  duration  of  each  other,  viz,  a femibreve 
equal  to  2 minims,  a minim  to  2 crotchets,  a crotchet 
to  2 quavers,  &c. 

Common  or  double  Time  is  of  two  kinds.  The 
firft  when  every  bar  or  meafure  is  equal  to  a fe- 
mibreve,  or  its  value  in  any  combination  of  notes  of 
a lefs  quantity.  The  fecond  Is  where  every  bar  is  equal 
to  a minim,  or  its  value  in  lefs  notes.  The  move- 
ments of  this  kind  of  meafure  are  various,  but  there 
are  three  common  diftindlions  ; the  firft  yZoxu,  denoted 
at  the  beginning  of  the  fine  by  the  mark  C ; the  2d 

br'fh,  marked  thus  g ; and  the  3d  very  hrl/J:,  thus 


T rtple  7 ime  is  when  the  durations  of  the  notes  are 
triple  of  each  other,  that  is,  when  the  femibreve  is 
equal  to  3 minims,  the  minim  to  3 crotchets,  &c.  and 
it  is  marked  T. 

in  a general  fenfe,  denote  inftruments 
adapted  for  meafuring  time.  See  Chronometer, 

In  a more  peculiar  and  definite  fenfe,  Time-keeper 
is  a term  firft  applied  by  Mr.  John  Harrifon  to  his 
watches,  conftruded  and  ufed  for  determining  the  lon- 
gitude at  fea,  and  for  which  he  received,  at  different 
times,  the  parliamentary  reward  of  20  thoufand  pounds. 
And  feveral  other  artifts  have  fince  received  alfo  con- 
fiderable  fums  for  their  improvements  of  Time-keep- 
ers; as  Arnold,  Mudge,  &c.  See  Longitude. 

This  appellation  is  now  become  common  among 
artifts,  to  diftinguifli  fuch  watches  as  are  made  with  ex- 
traordinary cai  e and  accuracy  for  nautical  or  aftrono- 
mical  obfervatloiis. 

The  principles  of  Mr.  Harrifon’s  Time-keeper,  as 
they  were  communicated  by  himfelf,  to  the  commlflion- 
ers  appointed  to  receive  and  publlfti  the  fame  in  the  year 
1 765,  are  as  below  : 

“ In  this  Time-keeper  there  is  the  greateft  care 
taken  to  avoid  fridtion,  as  much  as  can  be,  by  the 
wheel  moving  on  fmall  pivots,  and  in  ruby-holes,  and 
high  numbers  in  the  wheels  and  pinions. 

“ The  part  which  meafures  time  goes  but  the  eighth 
part  of  a minute  without  winding  up  ; fo  that  part  Is 
very  fimple,  as  this  winding-up  is  performed  at  the 
wheel  next  to  the  balance-wheel ; by  which  means 
there  is  always  an  equal  force  adting  at  that  wheel, 
and  all  the  reft  of  the  work  has  no  more  to  do  in  the 
meafuring  of  time  than  the  perfon  that  winds  up  once 
a day. 

“ 'There  is  a fpring  In  the  infide  of  the  fufee,  which 
I will  call  a fecondary  main  Ipring,  This  fpring  is 
always  kept  ftretched  to  a certain  tenfion  by  the  main 
fpring ; and  during  the  time  of  winding-up  the 
Time-keeper,  at  which  time  the  main-fpring  is  not 
fnffered  to  adl,  this  fecondary-fpring  fiipplies  its 
place. 

“ In  common  watches  In  general,  the  wheels  have 
about  one-third  the  dominion  over  the  balance,  that 
the  balance-fpring  has  ; that  is,  if  the  power  v/hich 
the  balance-fpring  has  over  the  balance  be  called  three, 

that 
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that  from  t!i?  wheel  is  one  : but  in  this  my  Time-keep- 
, the  wheels  have  only  about  otie-eig’htieth  part  of 
the  powei-  over  the  beflance  that  the  balance  fprinsr  has  ; 
tnid  It  mull:  be  allowed,  the  lefs  the  wheels  have  to  do 
with  the  balance,  the  better.  The  wheels  in  a com- 
mon watch  having  this  great  dominion  over  the  balance, 
^they  can,  when  the  watch  is  wound  up,  and  the  ba- 
lance at  reft,  fet  the  watch  a-going;  but  when  myTime- 
Iceeper's  balance  is  at  reft,  and  the  fpring  is  wound 
up,  the  force  of  the  wheels  can  no  more  fet  it  a-going, 
than  the  wheels  of  a common  regulator  can,  when  the 
weight  is  woiind-np,  fet  the  pendulum  a-vibratino- ; nor 
wi J the  force  from  the  wheels  move  the  balance^ when 
at  reft,  to  a greater  angle  in  proportion  to  the  vibration 
tnat  It  IS  to  fetch,  than  the  force  of  the  wheels  of  a 
common  regulator  can  move  the  pendulum  from  the 
perpendicular,  when  it  is  at  reft. 

INJy  Tirne-keepei ’s  balance  is  more  than  three 
times  the  weight  of  a large  fized  common  watch  ba- 
lance, and  three  times  its  diameter  ; and  a common 
Tvatch  balance  goes^  through  about  hx  inches  of  fpace 
in  a iecond,  but  mine  goes  through  about  twenty-four 
inches  in  that  time  : fo  that  had  my  Time-keeper  only 
thele  advantages  over  a common  watch,  a good  per- 
formance might  be  expeded  from  it.  But  my  Time- 
keeper is  not  afteded  by  the  different  degrees  of  heat 
and  cold,  nor  agitation  of  the  ftiip  ; and  the  force 
from  the  wheels  is  applied  to  the  balance  in  fuch  a 
manner,  together  with  the  fhape  of  the  balance-fpring, 
and  (if  I may  be  allowed  the  term)  an  artificial  cycloid, 
which  ads  at  this  fpring  ; fo  that  from  thefe  contri- 
vances, let  the  balance  vibrate  more  or  lefs,  all  its  vi- 
brations are  performed  in  the  fame  time  ; and  therefore 
if  it  go  at  all,  it  miift  go  true.  So  that  it  is  plain  from 
this,  that  fuch  a Time-keeper  goes  entirely  from  prin- 
ciple, and  not  from  chance.’* 

We  muft  refer  thofe  who  may  defire  to  fee  a minute 
account  of  the  conftrudion  of  Mr.  Harrifon’s  Time- 
keeper, to  the  publication  by  order  of  the  commifiion- 
ers  of  longitude. 

We  fhall  here  fubjoin  a fliort  view  of  the  improve" 
ments  in  Mr.  Harrifon’s  watch,  from  the  account  pre- 
fenced  to  the  board  of  longitude  by  Mr.  Ludlam,  one 
•of  the  gentlemen  to  whom,  by  order  of  the  commif- 
iioners,  Mr.  Harrifon  difeovered  and  explained  the 
^inciple  upon  which  his  Time-keeper  is  conftruded. 
The  defeds  in  common  watches  which  Mr.  Harrifon 
prepofesto  remedy,  are  chiefly  thefe  : i.Thattlie  main 
ipnng  ads  not  conftantly  with  the  fame  force  upon  tjie 
•wheels,  and  through  them  upon  the  balance  : 2.  That 
the  balance,  either  urged  with  an  unequal  force,  or 
rneeting  with  a different  refiftance  from  the  air,  or 
the  oil,  or  the  fridion,  vibrates  through  a greater  or  lefs 
arch  : That  theie  unequal  vibrations  are  not  per- 

formed in  equal  times ; and,  4.  That  the  force  of  the 
balance-fpnng  is  altered  by  a change  of  heat. 

’ To  remedy  the  firft  defed,  Mr.  Harrifon  has  con- 
trived  that  his  watch  fhall  be  moved  by  a very  tender 
fpring,  which  never  unrolls  itfclf  more  than  one-eighth 
part  of  a turn,  and  ads  upon  the  balance  through 
one  wheel  only.  But  fuch  a fpring  cannot  keep  the 
watch  in  motion  a long  time.  He  has,  therefore, 
joined  another,  whofe  office  is  to  winft  up  the  firft 
VoL.  II. 


fpring  eight  times  in  every  minute,  and  which  is  itfdf 
woundup  but  once  a day.  To  remedy  the  iecond  de- 
fed, he  iifes  a much  ftronger  balance  fpring  than  in  a 
common  watch.  For  if  the  force  of  this  fpring  upon 
the  balance  remains  the  fame,  whilft  the  force  of  the 
other  varies,  the  errors  arifing  from  that  variation  will 
be  the  lefs,  as  the  fixed  force  is  the  greater.  But  a 
ftronger  fpring  wdl  require  either  a heavier  or  a larger 
balance.  A heavier  balance  would  have  a greater  ftic- 
tion.  Mr.  Harrifon,  tliercfore,  increafes  the  diameter 
of  it.  In  a common  watch  it  is  under  an  inch,  but  ia 
Mr.  HarnTon’s  two  inches  and  two  tenths.  However, 
the  methods  already  defcribed  only  leiTcning  the  eirois, 
and  not  removing  them,  Mr.  Harrifon  ules  two  ways 
to  make  rhe  times  ol  the  vibrations  equal,  though  the 
aichcs  may  be  unequal  : one  is  to  place  a pin,  fo  that 
the  balance-fpiing  pieffing  againft  it,  has  its  force  in- 
creafed,  but  incrcafed  lefs  when  the  variations  arc 
larger  : the  other  to  give  the  pallets  fuch  a fhape,  that 
the  wlieciS  prefs  them  with  Icls  advantage,  when  tiic 
^brations  are  larger.  To  remedy  the  laft  defed,  Mr. 
Harrifon  ufes  a bar  compounded  of  two  thin  plates  of 
brafs  and  fteel,  about  two  inches  in  length,  riveted  iit 
fcveral  places  together,  fallened  at  one  end  and  having 
two  pins  at  the  other,  between  which  the  balance 
fpiing  palfes.  If  this  bar  be  ftraight  In  temperate  wea- 
rier (brals  changing  its  length  by  heat  more  tha:* 
iteel)  the  brafs  fide  becomes  convex  when  it  is  heated, 
and  the  fteel  fide  when  it  is  cold  : and  thus  the  pins 
lay  hold  of  a different  part  of  the  fpring  in  Sift'erent 
degrees  of  heat,  and  lengthen  or  ftiorten  it  as  the  re- 
gulator does  in  ti  common  watch. 

^ The  principles,  on  which  Mr.  Arnold’s  Time-keeper 
is^  conltinded,  are  thefe  : The  balance  is  unconneded 
wall  the  wheel  work,  except  at  the  time  it  receives  the 
impnlie  to  make  it  continue  its  motion,  which  is  onir 
whilft  it  vibrates  i o'’ out  of  380'^  which  is  the  whole 
vibration  ; and  during  this  fmall  interval  it  has  little  or 
no  fridion,  but  what  is  on  the  pivots,  which  work  in 
ruby  holes^on  diamonds.  It  has  but  one  pallet,  which 
IS  a plane  furface  formed  out  of  a ruby,  and  has  no  oil 
on  it.  ^ W atches  of  this  conftrudion,  fays  Mr.  Lyons, 
go  whilft  they  are  wound  up  ; they  keep  the  fame'  rate 
of  going  in  every  pofttion,^  and  are  not  affeefted  by  the 
diffcient  foices  of  the  fpnng  ; and  the  compenfation 
for  heat  and  cold  is  abiolutely  adjuftahle,  Phipps'^ 
Voyage  to  the  North  Pole,  p.  230,  See  Longi- 

TUBE . 

TISRI,  or  ft'jzRi,  in  chronology,  the  firft  He- 
brew month  of  the  civil  year,  and  the  yth  of  the  eccle- 
fiaftical  or  facred  year.  It  anfwered  to  part  of  our 
September  and  Odober. 

TOD  0/ wooJy  is  mentioned  in  the  ftatute  12  Carol.  11. 
c.  32,  as  a weight  containing  2 ftonc,  or  28  pounds. 

TOISE,  a French  meafurc,  containing  6 of  their 
feet,  fiinilar  to  our  fathom. 

TONDIN,  or  Tandino,  in  Archltedure.  See 
Tore. 

TONE,  or  Tune,  in  Mufic,  a pioperty  of  found, 
by  which  it  comes  under  the  relation  of  grave  and 
acute;  or  the  degree  of  elevation  any  found  has,  from 
the  degree  of  fwiftnefs  of  the  vibrations  of  the  paru 
of  the  fonurous  body,  . 
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Tor  Ae  caufe,  meafurc,  degree,  difference,  &c,  of 

Tones,  fee  Tune.  ^ ^ r r 

The  word  Tone  is  taken  in  four  different  fenles 

fimong  the  ancients,  i,  For  any  found.  2,  For  a 
certain  interval;  as  when  it  is  faid  the  difference  be- 
tween the  diapente  and  diateffaron  is  a Tone._  3,  for 
a certain  locus  or  compafs  of  the  voice  m which 
fenfe  they  nfed  the  Dorian,  Phrygian,  Lydian  iones. 

1.  For  teufion  ; as  when  they  fpeak  of  an  acute,  a 
grave,  or  a middle  Tone.  Wallis’s  rippend.  1 tolom. 

Harm.  p.  172.  . , , r t • r r 

Tone  is  more  particularly  ufed,  in  mulic,  tor  a cer- 
tain deoTce  or  interval  of  tune,  by  wliich  a found  may 
be  citirer  raifed  or  lowered  from  one  extreme  of  a 
concord  to  the  other,  fo  as  flill  to  produce  true  me- 
in tempered  fcales  of  muflc,  the  Tones  are  made 
equal,  but  in  a true  and  accurate^  praftice  of  fmgmg 
they  are  not  fo.  Pepufeh,  in  Phiiof.  Tninf.  N0.4S1, 

p.  274.  . , ^ 

Befide  the  concords,  or  harmonical  interval,  muii- 

clans  admit  three  lefs  kinds  of  intervals,  which  are 
the  meafures  and  component  parts  of  the  greater,  and 

are  called  degrees.  ^ 1 t • j 

Of  thefe  degrees,  two  are  called  Tones,  and  the  third 

- a femltone.  Their  ratios  in  numbers  are  8 to  9,  called 
a greater  ’Tone  ; 9 to  10,  called  a h^er  Tone  ; and 
ir  to  16,  a femltone. 

The  Tones  arife  out  of  the  fimple  concords,  and  are 
equal  to  their  differences.  Thus  the  greater  Tone, 

8 ; 9,  is  the  difference  of  a 5th  and  a 4th  ; the  lefs 
Tone  9 : 10,  the  difference  of  a lefs  3d  and  a ^4th, 
or  of  a 5th  and  a greater  6tb ; and  the  femitone 
jc  : 16,  the  difference  of  a greater  3d  and  a 4th. 

Of  thefe  Tones  and  femitones  every  concord  is  com- 
pounded, and  confequently  every  one  is  refolvable  into 
a certain  number  of  them.  Thus  the  lefs  3d  confiffs  of 
one  greater  Tone  and  one  femitone ; the  greater  3d,  of 
one  greater  Tone  and  one  lefs  Ton*:  : the  4th,  of 
one  ‘Treater  Tone,  one  lefs  Tone,  and  one  femitone  . and 
the  ^th,  of  two  greater  Tones,  one  lefs  Tone,  and  one 

femitone.  , t-re  j- 

TONSTALL  (C  uthbert),  a learned  Bngluh  di- 
vine and  mathematician,  vras  born  in  the  year  1476. 
He  entered  a ftudent  at  the  unlverfity  of  Oxford  about 
the  year  1491  > but  afterwards,  being  driven  from 
thence  by  the  plague,  he  went  to  Cambridge,  and 
Ihortly  alter  to  the  imlveiTity  of  Padua  in  Italy,  which 
w^as  then  in  a flou riffling  ftate  of  literature,  where  his 
genius  and  learning  acquired  him  great  refpeft  from 
every  one,  particularly  for  his  knowledge  in  mathema- 
tics, philofophy,  and  jurifprudence. 

Upon  his  return  home,  he  met  with  great  favours 
from  the  governm.ent,  obtaining  feveral  church  prefer- 
ments, and  the  office  of  fecreiary  to  the  cabinet  of 
the  king,  Henry  the  8th.  This  prince,  having  alfo 
employed  him  on  feveral  foreign  embaflies,  was  fo  well 
fatisfied  with  his  condudf,  that  he  ffrff  gave  hiiTi  the 
biffiopric  of  London  in  1522,  and  afterwards  that  of 
Durham  in  i 5 

Ton ff all  approved  at  firft  of  toe  diffblution  of  the 
marriage  of  his  benefador  wnth  Catherine  of  Spain, 
and  even  wrote  a book  in  favour  of  that  dilfolution  ; 
but  he  afterwards  condemned  that  work,  and  experi- 


enced a great  reverfe  of  fortune.  He  was  eje£led  from 
the  fee  of  Durham  for  his  religion  in  the  time  of  Ed- 
ward the  6th,  to  which  however  he  was  reftored  again 
by  queen  Mary  in  the  beginning  of  her  reign, ^ but 
was  again  expelled  in  1559  when  queen  Eliza- 
beth was  fettled  in  her  throne,  and  he  died  in  a 
prifon  a few  months  after,  in  tlie  84th  year  of  his 


age 


Tonffall  was  doubtlefs  one  of  the  mod  learned  men 
of  his  t,imc.  “ He  was,  fays  Wood,  a very  good  Gre- 
cian and  Ebiitian,  an  eloquent  rhetorician,^  a ikilful 
mathematician,  a noted  civilian  and  canoniff,  and  a 
profound  divine.  But  that  vvliich  maketh  for  his 
greateft  commendation,  is,  that  Eraimus  w'as  his 
friend,  and  he  a faff  friend  to  Erafinus,  in  an  epiitle 
to  whom  from  Sir  Thomas  More,  I lind  this  cliaraaer 
of  Tonffall,  that,  “ As  there  was  no  man  more  adorn- 
ed with  knowledge  and  good  literature,  no  man  more 
fev^ere  and  of  greater  integrity  for  his  life  and  manneis  , 
fo  there  was  no  man  a more  fweet  and  pleafant  com- 
panion, w'ith  w'hom  a man  would  rather  choofe  to 

converfe.  ” 1 • n 1 

His  writings  that  were  publiffied,  were  chieiiy  the 

following : ...  o -D 

1,  Iti  Lctudctu  Lond*  I^ioj  4to*~-But 

that  for  which  he  is  chieiiy  entitled  to  a place  in  this 
work,  was  his  book  upon  arithmetic,  viz, 

2,  T)e  /drte  Supputa/idi^  Lond  1722,  4^®»  dedicated 
to  Sir  Thomas  More.  This  was  afterwards  feveral 

times  printed  abroad.  ^ 

3.  A Sermon  on  Palm  Sunday  before  king  Henr.y 

the  8th,  See.  Lond.  1539  and  1633,  410.  ^ ^ ^ 

4.  De  Veritate  Corporis  Cf  Sanguinis  Domini  in  Eti- 

charijlia.  Liitet.  1554*  4^^*,  4 -n  r 

Compendium  in  decern  Lihros  Ethicorum  u^ryioteliSt  .. 

Par.  1554,  id  Bvo.  _ ... 

6.  Contra  impios  Blafphematores  Dei  pr&dejlinatiotm  ,, 

opera.  Antw.  ^ 

7.  Godly  and  devout  Prayers  in  Englilh  and  Latin. 

j 558,  in  8vo.  ^ 

TOPOGRAPHY,  is  a defeription  or  draught  of  . 
fome  particular  place,  or  imall  tradi  of  land  ; as  that 
of  a city  or  town,  manor  or  tenement,  field,  garden,, 
houfe,  caftle,  or  the  like  ; fuch  as  furveyors  fet  out  m .• 
their  plots,  or  make  draughts  of,  for  the  Information  . 
and  fatisfaftlon  of  the  proprietors. 

Topography  differs  from  Chorography,  as  a parti- 
cular from  a more  general.  a r • 

TORNADO,  a fudden  and  violent  guff  of  wand 
arifing  fuddenly  from  the  ffiore,  and  afterwards  veering  , 
round  all  points  of  the  compafs  like  a hurricane  ; very 

frequent  on  the  coaff  of  Guinea. 

torrent,  in  Hydrography,  a temporary  ftream 
of  water,  falling  fuddenly  from  mountains,  &c,  where 
there  have  been  great  rains,  or  an  extraordinary  thaw- 
of  fnow ; fometimes  making-  great  ravages  in  the 

plains.  . 

TORRICELLI  (Evangeliste),  an  illnftrious  - 

mathematician  and  philofopher  of  Italy,  was  bormat 

Faenza  in  1608,  and  trained  up  in  Greek  and  La- 
tin literature  by  an  uncle,  wdio  was  a monk.  Natural 
inclination  led  him  to  cultivate  mathematical  knowledge, 
which  he  purfned  fome  time  wnihout  a maffer  ; but  at 

about  20  years  ^f  he  went  to  Rome,  wheie  e 
' continued- 
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continued  the  piiifult  of  It  under  father  Benedict:  Caf- 
telh.  Cahelli  had  been  a fchoiar  of  the  great  Galileo, 
Rnd  bad  been  appointed  by  the  pope  profefTor  of  ma- 
theinatics  at  Rome,  lorricelli  made  fuch  progrefs  un- 
der  this  maher,  that  having  read  Galileo’s  Dialogues, 
me  compofed  Treatife  concerning  motion  upon  his  prin- 
ciples. Caftelli,  furprifed  at  the  performance,  carried  it 
and  read  it  to  Galileo,  who  heard  it  with  great  plea- 
fure,  and  conceived  a high  efleem  and  friendihip  for 
the  author.  Upon  this,  Caftelii  propofed  to  Galileo, 
that  ^T*oiricelli  Ihouldcome  and  live  with  him  j recom- 
mending him  as  the  moll:  proper  perfon  he  could  have, 
iince  he  was  the  moft  capable  of  comprehending  thofe 
fubiime  fpeculations,  which  Ins  ovvn  great  age,  infirmi- 
ties, and  want  of  fight,  prevented  him  from  giving  to 
the  vvorld^  Galileo  accepted  the  propofal,  and  Torri- 
celli the  employment,  as  things  of  all  others  the  moll 
advantageous  to  both.  Galileo  was  at  Florence,  at 
which  place  Torricelli  arrived  in  1641,  and  be^j-an  to 
take  down  what  Galileo  dictated,  to  regulate  his  pa- 
pers, and  to  aft  in  every  refpedl:  according  to  his  direc- 
tions. Flit  he  did  not  long  enjoy  the  advantages  of 
this  fituation,  as  Galileo  died  at  the  end  of  only  three 
montlis. 

Torricelli  was  then  about  returning  to  Rome;  but 
the  Grand  Duke  engaged  him  to  continue  at  Florence, 
making  him  his  own  mathematician  for  the  prefent,  and 
promifing  him  the  profefibr’s  chair  as  foon  as  it  fiiould 
be  vacant. 

Here  he  applied  himfelf  intenfely  to  the  iludy  of 
mathematics,  phyfics,  and  aftronomy,  making  many 
improvements  and  fome  difeoveries.  Among  others,  he 
greatly  improved  the  art  of  making  microfeopes  and 
telefcopes  ; and  it  is  generally  acknowledged  that  he 
firll  found  out  the  method  of  alcertaining  the  weight  of 
the  atmolphere  by  a proportionate  column  of  quick- 
filver,  the  barometer  being  called  from  him  the  'Tarri^ 
cellian  tube,  and  Torricellian  experiment.  In  fhort,  great 
things  were  expefted  from  him,  and  great  things  would 
probably  have  been  farther  performed  by  him,  if  he 
had  lived  ; but  he  died,  after  a few  days  illnefs,  in 
1647,  when  he  was  but  jull  entered  the  40th  year  of 
his  ao;e. 

O 

Torricelli  publifhed  at  Florence  in  1644,  a volume 
of  ingenious  pieces,  intitled.  Opera  Geometrica,  in  qto. 
There  was  alfo  publilhed  at  the  fame  place,  in  1715, 
Lezzioni  Accaclevnche,  confifting  of  96  pages  in  qto. 
Thefe  are  difeourfes  that  had  been  pronounced  by  him 
upon  different  occafions.  The  firft  of  them  was  to  the 
academy  of  La  Crufea,  by  way  of  thanks  for  admit- 
ting him  into  their  body.  The  reft  are  upon  fubjefts  of 
mathematics  and  phyfics.  Prefixed  to  the  whole  is  a 
long  life  of.  Torricelli  by  Thomas  Buonaventuri,  a 
Florentine  gentleman, 

TORRICELLIAN,  a term  very  frequent  amoncr 
phyfical  writers,  ufed  in  the  phrafes,  Torricellian  tube, 
or  Torricellian  experiment,  on  account  of  the  inventor 
Torricelli,  a dlfciple  of  the  great  Galileo. 

Torricellian  Tube,  is  the  barometer  tube,  being 
a glafs  tube,  open  at  oire  e*nd,  and  hermetically  fealed 
at  the  other,  about  3 feet  long,  and  To  of  an 'inch  In 
diameter. 

Torricellian  Experiments  or  the  filling  the  baro- 
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meter  tube,  is  performed  by  filling  the  Torricellian  tube 
With  mercury,  then  Hopping  the  open  orifice  with  the 
finger,  inverting  the  tube,  and  plunging  that  orifice 
into  a vefiel  of  Itagnant  mercury.  Tiiis  done,  the  fin- 
ger is  removed,  and  the  tube  fudained  perpendicular  to 
the  furface  of  the  merciir)  in  the  veffel. 

The  confequence  is,  that  part  of  the  mercury  falls 
out  of  the  tube  into  the  \eifjl,  and  there  remains  only 
enough  in  the  tube  to  fill  about  30  inches  of  its  capa- 
citj',  above  the  furface  of  the  flagnant  mercury  in  the 
veifel  i thefe  being  fudained  in  the  tube  by  tiie  preffui  e 
of  tlie  atmolphere  on  the  furface  of  the  dagnant  mer- 
cury ; and  according  as  the  atmofphere  is  more  or  lefis 
heavy,  or  as  the  winds,  blowing  upward  or  downward, 
heave  up  or  deprefs  the  air,  and  fo  increafe  or  diminish 
its  weight  and  ipring,  more  or  lefs  mercury  is  fudained, 
from  28  to  31  Inches. 

Tlie  Torricellian  Experiment  conftitutes  what  we 
now  call  the  Barometer, 

Torricellian  P acunm,  is  the  vacuum  produced  by 
filling  a^tube  with  mercury,  and  when  inverted  allowing 
it  to  deicend  to  fuch  a height  as  is  counterbalanced  by 
the  preflure  of  the  atmolphere,  as  in  the  Torricellian 
Experiment  and  Barometer,  the  vacuum  being  that 
part  of  the  tube  above  the  furface  ol  the  mercury. 

torrid  Zone,  is  that  round  the  middle  of  the 
eaith,  extending  to  23.^  degrees  on  both  iides  of  tii’e 
equator. 

*1  ORUS,  or  Tore,  in  Architefture,  is  a large  round 
moulding  in  the  bafes  of  the  columns. 

TOUCAN,  or  American  Goofe,  is  one  of  the  modern 
condellations  of  the  foutherii  hemifphere,  coiifidinvj  of 
9 fmall  dars. 

TRAC  riON,  or  Draivirg,  is  the  aft  of  a moving 
power,  by  which  the  moveable  is  brought  ne'arer  to  the 
mover,  called  alfo  attraction. 

TRACTRJX,  in  Geometry,  a curve  line  called  alfo 
Catenaria  ; wlilch  fee. 

trajectory,  a term  often  ufed  generally  for 
the  path  of  any  body  moving  either  in  a void,  or  in  a 
medium  that  refids  Its  motion  ; or  even  for  any  cuive 
pafiing  through  a given  number  of  points.  Thus  New- 
ton, Princip.  lib.  i,  prob.  22,  propofes  to  deferibe  a 
Irajcftory  that  fiiall  pafs  through  five  given  points. 

Trajectory  ip  a Cornet,  is  its  path  or  orbit,  or 
the  line  It  defcribes  in  its  motion.  This  path,  Plcve- 
llus,  In  his  Cometographia,  will  have  to  be  very  nearly 
a right  line;  but  Dr.  Halley  concludes  it  to  be,  as  it 
really  Is,  a very  excentric  ellipfis  ; though  its  place 
may  often  be  well  computed  on  the  fiippofition  of  its 
being  a parabola. — Newton,  in  prop,  41  of  his  jrl 
book,  flievvs  how  to  determine  the  Trajeftory  of  a co- 
met from  three  obfeivations  ; and  In  his  hill  prop,  how 
to  correft  a Trajeftory  graphically  deferibed. 

TRAMMKLS,  in  Mechanics,  an  indrument  ufed 
by  artificers  for  drawing  ovals  upon  boards,  &c.  One 
part  of  it  confids  of  a crofs  with  two  grooves  at  right 
angles  ; the  other  is  a beam  carrying  two  pins  which 
Hide  in  thofe  grooves,  and  alfo  the  deferibing  pencil. 

All  the  engines  for  turning  ovals  are  conftrudted  on  the 
fame  principles  with  the  Trammels  : tlie  only  difference 
is,  that  in  the  Trammels  the  board  is  at  icd,  and  the  pen- 
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cll  moves  tiponlt:  in  the  turning  engine,  the  tool, 
which  fupplles  the  place  of  the  pencil,  is  at^  reit,  and 
the  board  moves  againft  it.  See  a demonftration  ot  the 
chief  properties  of  thefc  inftruments  by  Mr.  Ludlam, 

in  the  Philof.  Tranf.  vol.  70,  pa.  378  &c. 

TRANSACTIONS,  Philo fophical,  are  a collec- 
tion of  the  principal  papers  and  matters  read  before 
certain  philofophical  focieties,  as  the  Royal  Society  ot 
London,  and  the  Royal  Society  of  Edinburgh,  iheie 
Tranfaftions  contain  the  feveral  difcovenes  and  hdtones 
of  nature  and  art,  either  made  by  the  members  ot 
thofe  focieties,  or  communicated  by  them  from  their 
correfpondents,  with  the  various  experiments,  ob- 
fervations,  &c,  made  by  them,  or  tranfmitted  to  them, 

&c. 

The  Philof.  Tranf.  of  the  Royal  Society  of  Lon- 
don were  fet  on  foot  in  1665,  by  Mr.  Oldenburg,  the 
then  fecretary  of  that  Society,  and  w^ere  continued  by 
him  till  the  year  They  were  then  diicontiniied 

upon  his  death,  till  January  1678,  when  Dr..  Grew 
resumed  the  publication  of  them,  and  contmued  it 
for  the  months  of  December  1678,  and  January  and 
February  1679,  after  which  they  were  intermitted  till 
January  1683.  During  this  kill 
w^as  in  fome  meafure  fiipplied  by  Dr.  Hook  s Phnofo- 
phical  Colledions.  They  were  alfo  interrupted  for 
3 years,  from  December  1687  to  January  1601,  befide 
other  fmaller  interruptions  amounting  to  near  a year 
and  a half  more,  before  Oaober  1695,  fince  vduch 
time  the  Tranfadions  have  been  carried  on  reguiatly  to 
the  prefent  day,  wuth  various  degrees  of  ciedit  and 

merit.  . 1 m j 

Till  the  year  1752  thefe  Traniadions  v/ere  piiblitned 

in  numbers  quarterly,  and  the  printing  of  them  vvas 
always  the  fingle  ad  of  the  refpedlive  fecretanes  till  that 
time  ; but  then  the  fociety  thought  fit  that  a commit- 
tee aiould  be  appointed  to  confider  the  papers  read  be- 
fore them,  and  to  feled  out  of  them  fudi  as  they  fnould 
nidge  moil  proper  for  publication  in  the  future  Tranfac- 
tions.  For  this  purpofe  the  members  of  the  council 
for  the  time  being,  conftitute  a Handing  committee  : 
they  meet  on  the  hr  ft  Thurfday  of  every  month,  and 
no  lefs  than  feven  of  the  members  of  the  committee  (of 
which  number  the  prefident,  or  in  his  abfence  a vice 
prefident,  is  always  to  be  one)  are  allowed  to  be  a 
quorum,  capable  of  ading  in  relation  to  fuch  papers  ; 
and  the  queftion  with  regard  to  the  publication  of  any 
paper,  is  always  decided  by  the  majority  of  votes  taken 
by  ballot. 

They  are  publifhed  annually  in  two  parts,  at  the  ex- 
pence of  the  fociety  ; and  each  fellow,  or  member,  is 
entitled  to  receive  one  copy  gratis  of  every  part  publifhed 
after  his  admiftion  into  the  fociety.  For  many  years 
paft,  the  colledion,  in  two  parts,  has  made  one  vo- 
lume in  each  year  j and  in  the  year  1793  I'Fc  number  of 
the  volumes  was  83,  being  io  lefs  than  the  number  of  the 
vear  in  the  century.  They  were  formerly  much  refped- 
cd  for  the  great  number  of  excellent  papers  and  difeo- 
veries  contained  in  them  ; but  within  the  laft  dozen 
years  there  has  been  a great  falling  off,  and  the  volumes 
are  now  confideieu  as  of  very  inferior  merit,  as  well  as 
quantity. 

There  is  alfo  a very  ivfeful  Abridgment,  of  thofe 


volumes  of  the  Tranfadions  that  were  publifhed  before 
the  year  1752,  when  the  fociety  began  to  publifh  the 
Tranfadions  on  their  own  account,  Tliofe  to  the  end 
of  the  year  1700  were  abridged,  in  3 volumes,  by  Mr. 
John  Lowthorp  : thofe  from  the  year  1700  to  1720 
were  abridged,  in  2 volumes,  by  Mr.  Henry  Jones  i 
and  thofe  from  17^9  ^733  were  abridged,  in  2 vo- 

lumes, by  Mr.  John  Eanies  and  Mr.  Jonn  Mai t^  11  j 
Mr.  Martyn  alfo  continued  the  abridgment  of  thofe 
from  1732  to  1744  in  2 volumes,  and  of  thofe  from 
1744  to  1750  in  2 volumes  ; making  in  all  i i volumes,, 
of  very  curious  and  ufeful  matteia  in  all  tne  aits  and 
fciences. 

The  Royal  Society  of  Edinburgh,  inftituted  in 
1783,  have  alfo  publifhed  3 volumes  of  their  Pirilo- 
fophical  Tranfadions ; wLich  are  defervedly  held  in 
the  higheft  refped  for  the  importance  of  their  con- 
tents. 

TRANSCENDENTAL  ^lantitlcs,  among  Geo- 
metricians, are  indeterminate  ones  j or  fuch  as  cannot 
be  expreffed  or  fixed  to  any  conftant  equation  : iuch  i& 
a traiifcendental  curve,  or  the  like. 

M.  Leibnitz  has  a difleitation  in  the  Ada  Erud.- 
Lipf.  in  which  he  endeavours  to  fhew  the  origin  of  fuch 
Quantities  \ viz,  why  fome  problems  aie  neither  plain,-, 
folid,  nor  fiirfolid.  nor  of  any  certain  degree,  but  do^. 
tranfeend  all  algebraic  equations. 

He  alfo  ftiews  how  it  may  be  demonftrated  without 
calciiKis,  that  an  algebraic  qiiadratrix  for  the  circle  or 
hyperbola  is  impofiible  : for  if  fuch  a quadratrix  could 
be  found,  it  would  lollow,  that  by  means  of  it  any  an- 
gle, ratio,  or  logarithm,  might  be  divided  in^  a given 
proportion  of  one  right  line  to  another,  and  this  by  one 
univerfal  conftrudion  : and  confequently  the  problem 
of  the  fedion  of  an  angle,  or  the  invention  of  any 
number  of  mean  proportionals,  would  be  of  a certain 
finite  degree.  Whereas  the  different  degrees  of  alge- 
braic equations,  and  therefore  the  problem  underftood. 
in  general  of  any  number  of  parts  of  an  angle,  or  mean 
proportionals,  is  of  an  indefinite  degree,  and  tranfeends 
all  algebraical  equations. 

Others  define  Tranicendental  equations,  to  be  fucli 
ftuxipnal  equations  as  do  not  admit  of  ftuents  in 
mon  finite  algebraical  equations,  but  as  expreiku  by 
means  of  fome  curve,  or  by  logarithms,  or  by  mlimte 
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feries  ; thus  the  expreikan  J 2:2: 
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fcenclental  equation,  becaufe  the  fluents  cannot  both  he 
expreffed  in  finite  terms.  And  the  equation  which 
expreiTes  the  relation  between  an  arc  of  a cucle- 
and  its  fine  is  a Tranfcendental  equation  ; for  New- 
ton has  demonftrated  that  this  relation  cannot  be  ex- 
preffed by  any  finite  algebraic  equation,  and  therefore 
it  can  only  be  by  an  infinite  or  a,.  1 ranfcendental  equa- 
tion. 

It  is  alfo  ufual  to  rank  exponential  equations  ^^^ng 
Tranfcendental  ones;  becaufe  fuch  equations, although 
exprefl'ed  in  finite  terms,  have  variable  exponents,  which 
cannot  be  expunged  but  by  putting  the  equation  in  o 
flusions,  or  Icgarilbms;,  &c.  i bus,  the 

^ ° equatiOB 
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equation  gives  x log.  a =:  log.  or 

y 

^ X log.  a ~ - — . 

y 

T R ANSCENDENTAE  Cur^e^  in  the  Higher  Geome- 
try, is  Inch  a one  as  cannot  be  defined  by  an  algebraic 
equation  ; or  of  vA^hicb,  when  it  is  exprelfed  by  an 
equation,  one  of  the  terms  is  a variable  quantity,  or  a 
curve  line.  And  when  fuch  curve  line  is  a geometrical 
one,  or  one  of  the  firfi  degree  or  kind,  then  the  Tran- 
fcendental  curve  is  faid  to  be  of  the  fecond  degree  or 
kind,  &CV 

Thefe  curves  are  the  fame  with  what  Des  Cartes, 
and  others  after  him,  call  mechanical  curves,  and 
wdiich  they  would  have  excluded  out  of  ge<nnetry  ; 
contrary  however  to  the  opinion  of  Newtijn  and  Leib- 
nitz ; for  as  much  as,  in  the  coiiftruclion  of  geome- 
trical problems,  one  curve  is  not  to  be  preferred  to  ano- 
ther as  it  is  defined  by  a more  fimple  equation,  but  as 
ft  is  more  eafily  defcrlbed  than  that  other  : befides, 
fome  of  thefe  Tranlcendental,  or  mechanical  curves,  are 
found  of  greater  life  than  almoll  all  the  algebraical 
ones. 

M.  Leibnitz,  in  the  Afta  Enidlt.  Lipf.  has  given  a 
kind  of  Tranfcendental  equations,  by  which  thefe 
Tranfcendental  curves  are  actuidly  defined,  and  which 
are  of  an  indefinite  degree,  or  are  not  always  the  lame 
in  every  point  of  the  curve.  Now  whereas  algebraitls 
ufe  to  alfume  fome  general  letters  or  numbers  for  the 
quantities  fought,  in  thefe  I'ranfcendental  problems 
Leibnitz  affumes  general  or  indefinite  equations  for  the 
lines  fought;  thus,  for  example,  putting  r andy  lor  the 
abfeifs  and  ordinate,  the  equation  he  ules  for  a line  re- 
quired, is  + hx  + O'  "k  "k  "k  Syy  ar  o : 
by  the  help  of  which  indefinite  equation,  he  feeks  for 
the  tangent  ; and  comparing  that  \vhicii  refults  with 
the  given  property  of  tangents,  he  finds  the  value  of  the 
alTumed  letters  a,  h,  r,  &c,  and  thus  defines  the  equa- 
tion of  tbe  line  fought. 

If  thecomparironabovementioneddo  not  fucceed,  he 
’pronounces  the  line  fought  not  to  be  an  algebraical, 
but  a Tranfcendental  one. 

This  fuppofed,  he  proceeds  to  find  the  fpecies  of 
Tranfcendency  : for  fome  Tranfcendentals  depend  on 
the  general  divifion  or  feclion  of  a ratio,  or  upon  loga- 
rithms, others  upon  circular  arcs,  &c. 

Here  then,  befide  the  fymbuls  A’andy,  he  affumes  a 
third,  as  «?!,  to  denote  the  Tranfcendental  quantity  ; 
and  of  thefe  three  he  forms  a general  equation  of  the 
line  fought,  from  which  he  finds  the  tangent  according 
to  the  dlridVreiqial  method,  wLIch  fucceeds  even  In 
Tranfcendental  quantities.  This  found,  he  compares 
it  with  tlic  given  properties  of  the  tangents,  and  fo  dil- 
covers  not  only  the ’values  of  a,  h,  c,  &c,  but  alio  the 
particular  nature  of  the  Tranfcendental  quantity. 

Tranfcendental  problems  are  very  well  managed  by 
the  method  of  fluxions.  Thus,  for  the  relation  of  a 
circular  arc  and  right  line,  let  a denote  the  arc,  and  jr 
the  veriedfine,  to  the  radius  i,  then  is  a = fluent  of 

— — ;‘  and  if  the  ordinate  of  a cycloid  be  /,  then  is 

*\/  2 X — XX 
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•X  — \/ zx  — XX  4-  fluent  of  / * 
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Thus  is  the  analytical  calculus  extended  to  thofe  lines 
which  have  hitherto  been  excluded,  for  no  other  caufe 
but  that  they  were  thought  incapable  of  it. 

TRANSFORMATION,  in  Geometry,  is  the 
changing  or  reducing  of  a figure,  or  of  a body,  into 
another  of  the  fame  area,  or  the  fame  folldiry,  but 
of  a different  form.  As,  to  Transform  or  reduce  a 
triangle  to  a fquare,  ora  pyramid  to  a parallelopipedon. 

Transformation  o/  Equations^  in  Algebra,  Is  the 
changing  equations  into  others  of  a different  form,  but 
of  equal  value.  This  operation  is'often  neceflary,  to. 
p epare  equations  for  a more  eafy  folution,  fome  of  the 
principal  cafes  of  which  are  as  follow.  — i.  The  figns 
of  the  roots  of  an  equation  are  changed,  viz,  the  po- 
fitive  roots  into  negative,  and  the  negative  roots  into 
politive  ones,  by  only  changing  the  figns  of  the  zd, 
4th,  and  all  the  other  even  terms  of  the  equation. 
Thus,  the  roots  of  the  equation 

— .v3  — i9a''  + 49a-  30  o,  are  T I,  + 2, + 3, — 5 

whereas  the  roots  of  the  fame  equation  having  only  the 
figns  of  the  2d  and  4th  terms  changed,  viz,  of 

x^  + — I9A^^-49A  — 30=0,  are  — I,  - 2,-3,  + 5. 

2.  To  Transform  an  equation  Into  another  that  fhall- 
have  its  roots  greater  or  lefs  than  the  roots  of  the  pro- 
pofed  equation  by  fome  given  difference,  proceed  as  fol- 
lows. Let  the  propol'ed  equation  be  the  cubic 
^-3  _ -f  hx  — c = o y and  let  it  be  required  to 
Transform  it  into  another,  whofe  roots  fhall  be  lefs  thaiT-’ 
the  roots  of  this  equation  by  Come  given  difference  d ; 
if  the  rooty  of  the  new  equation  muftbe  the  lefs,  take  it 
y ~ X — dy  and  hence  x — y -fi  > then  inftead  of  .a 
and  its  powers  fubflitutey  + <?/ and  its  powers,  and 
there  will  arlfe  this  new  equation 

+ yi'^y  + 

+ by  bd  \ 

whofe  roots  are  lefs  than  the  roots  of  the  former  equa- 
tion by  the  difference  d.  If  the  roots  of  the  iievy  equa- 
tion had  been  required  to  be  greater  than  thofe  of  the 
old  one,  w'e  muff  then  have  fiibftituted  y ~ x -{■  d, 

OF  X — y — dy  &c. 

3.  To  take  away  the  zd  or  any  other  particular  term 

out  of  an  equation  ; or  to  Transform  an  equation,  fo  as 
the  new^  equation  may  want  its  2d,  or  3d,  or  qtli,  &:c 
term  of  the  given  equation  — ax'^  -f  = o, 

which  is  transformed  into  the  equation  (A)  in  the  iaff 
article.  Now  to  make  any  term  of  this  equation  (A) 
vaniffi,  is  only  to  make  the  coefficient  of  that  term  = o,^ 
which  will  form  an  equation  that  will  give  the  value  of 
the  affumed  quantity  d,  fo  as  to  produce  the  defired  ef- 
febf,  viz,  to  make  that  term  vaiiifli.  So,  to  take  away 
the  2d  term,  make  3^/  — ^ = o,  which  makes  the  ai- 
fumed  quantity  d ~ \ti.  I’o  take  awa.y  tue  3d  term, 
we  muff  put  the  fum  of-the  coefficients  .F  that  teiin  = 
that  is  - 2ad  -p  3 = o,  or  3^^  ~ lad  h y ^ 

then  by  refolving  this  quadratic  equation,  there  is  found 

the  affumed  quantity  d — \a  El  E — 3^,  by  the 
fublfitution  of  which  for  d,  the  3d  term  will  be  taken 
away  out  of  the  equation. 

In  like  manner,  to  take  away  the  4th  term,  we  muff 

make  the  fum  of  its  coefficients  d^-^atE  + bd-^c  = o; 

and 


(A)  y^  -I- 

— 
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and  To  on  for  any  other  term  whatever.  And  in  the 
fame  manner  we  muft  alfo  proceed  when  the  propofed 
equation  is  not  a cubic,  but  of  any  height  whatever,  as 

~ * H-  kv"  ~ ^ ^ See  — o : 

this  is  firft,  by  fubflituting  y -j-  d for  .r,  to  be  Tranf- 
formed  to  tliis  new  equation 

y"  -h  ndy’^"  ^ — i .d^y^~  * 5cc  1 

— ay'"  ~ ^ — a.?i  — 1. dy""  ” ^ &c  j — ° > 

+ by'^  " ^ &c  J 

then,  to  take  away  the  2d  term,  we  muft  make 
nd  — a =z  Oy  or  ; to  take  away  the  3d  term, 

we  muft  make  -n.n  — i , — a ,n  — i r/  + 3 rr  o, 

or  — — d — ; and  fo  on. 

n n [ji  ~ \) 

From  whence  it  appears  that,  to  take  away  the  2d 
term  of  an  equation,  we  muft  refolve  a fimple  equation  ; 
for  the  3d  -term,  a quadratic  equation;  for  the  4th 
term,  a cubic  equation,  andfoon. 

4.  To  multiply  or  divide  the  roots  of  an  equation  by 
^ any  quantity  ; or  to  ft  ransform  a given  equation  to 
another,  that  (hall  have  its  roots  equal  to  any  multiple 
or  fubmultiple  of  thofe  of  the  propofed  equation.  This 

]S  done  by  fubflituting,  for  .r  and  its  powers,  —or  /y, 


-and  their  powers, 


viz, 


y 

— for  Xy  to  multiply  the  roots 
m ^ 


by  m\  and py  for  a’,  to  divide  the  roots  by /. 

Thus,  to  multiply  the  roots  by  ruy  fubftituting  ^ 

for  in  the  propofed  equation 

—•  ax'"  ^ -i-  bx"^  “ &c  = o,  and  it  becomes 
ay'"  ~ ^ by'"  ~ ^ 


rn 


,a  - z 


&c  = o ; 


m"  ^ ■ m' 

or  multiply  all  by  then  is 

y”  — amy'"~'^  4-  brn'^y'"'''^  — ctrdy'"'“^  &C  = O, 

. an  equation  that  hath  its  roots  equal  to  m times  the 
roots  of  the  propofed  equation. 

In  like  manner,  fubftituting  py  for  a*,  in  the  propofed 
equation,  &:c,  it  becomes 


yn  _ 


+ 


p' 


&c  = o, 


an  equation  that  hath  its  roots  equal  to  thofe  of  the 
propofed  equation  divided  by  y>. 

From  whence  it  appears,  that  to  m'ultiply  the  roots 
of  an  equation  by  any  quantity  m,  we  muft;  multiply 
its  terms,  beginning  at  the  2d  term,  refpe<ft:ively  by  the 
'terms  of  the  geometrical  feries,  w,  T?d,  &c. 

And  to  divide  the  roots  of  an  equation  by  any  quan- 
tity  py  that  we  muft:  divide  its  terms,  beginning  at 
the  2d,  by  the  correfponding  terms  of  this  feries 
pi  P'^y  P^y 

5.  And  fometimes,  by  thefe  Transformations,  equa- 
tions are  cleared  of  fradions,  or  even  of  fhrds.  Thus 
the  equation 


a’3  — ax^i^p  T hx  — cs/p  = o,  by  puttingy  .vv^A, 

or  multiplying  the  terms,  from  the  3d,  by  the  georae! 
tncals  A/py  py  p^/py  is  Transformed  to 


6^.  An  equation,  as  x^  — ax"^  -}-  bx  r o,  may 
be  Transformed  into  another,  whofe  roots  ftiall  be  the 
reciprocals  of  the  roots  of  the  given  equation,,  bv  fub- 
I ^ 

ftitiiting  - for  x/  by  which  it  becomes 


I a ^ 

all  by  the 

fame  becomes  ryS  by^  ay  --  i = o. 

On  this  fubjed,  fee  Newton’s  Alg,  011  the  Tranfrau- 
tation  of  Equations  ; Maclauriii’s  Algeb.  pt.  2,  chap. 
3 and  4.  Saunderfon’s  Algebra,  voL  2,  pa.  687^  &c. 

TRANS  IF,  in  Aftronomy,  denotes  the  paftage  of 
any  planet,  juft  before  or  over  another  planet  or  ftar  ; 
or  the  pairing  of  a ftar  or  planet  over  the  meridian,  or 
before  an  aftronomical  inftrument, 

Venus  and  Mercury,  in  their  Tranfits  over  the  fun- 
appear  like  dark  fpecks.  '* 

Dodor  rlalley  computed  the  times  of  a number  of 
thefe  vifibie  ft^ranfits,  for  the  laft  and  prclent  century 
and  publilhed  in  the  Philof,  Tranf.  numb.  193.  See  al- 
io Abridg.  vol.  I,  pa.  427  &c.  A Synopfis  of  thefe 
I ranhts  is  as  follows,  thofe  of  Mercury  happening  in 
the  months  of  April  and  Odober,  and  thofe  of  Venus 
in  May  and  November,  botb’old-ftyle  ; and  if  1 1 days 
be  added  to  the  dates  below,  the  fums  will  give  the  times 

for  the  new-ftyle.  Firft  for  Mercury,  and  then  for 
Venus. 


A Series  of  the  Moments  when  Mercury  is  feen  in  Con- 
junaion  "with  the  Sun,  and  within  his  Difcy  with 
the  Dfances  of  the  fame  Planet  fro?n  the  Sun's 
Centre* 


In  Aprily  Old-Style. 


Years. 

\ . 

Times  of  Mercury’s 
Conjundfion. 

■'  ' ' 

Diftances  from  the 
tlie  Sun’s  Centre. 

d. 

h. 

min. 

; 

It 

1615 

22 

21 

7 

20 

N 

1628 

25 

5 

15^ 

9 

35 

S 

1661 

23 

4 

4 

27 

N 

1674 

26 

12 

29 

12 

'28 

S 

1707 

24 

12 

6 

1 

34 

N 

1720 

26 

^9 

43-^ 

15 

21 

S 

1740 

2 I 

1 1 

43 

^5 

36 

N 

1758 

24 

19 

20# 

I 

^9 

S 

1786 

22 

18 

si-^ 

12 

43 

N 

1799 

26 

2 

34* 

4 

12 

S 

7 Sti 
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In  O&oher,  Old-Style, 

• 

Years. 

Times  of  Mercury’s 

Diflances  from  the 

ConjuniStion. 

Sun’s  Centre. 

d. 

h. 

ra. 

/ 

ff 

160^ 

22 

8 

29 

12 

48 

S 

1618 

'25 

2 

4# 

4 

43 

s 

1631 

27 

19 

37^ 

3 

18 

N 

1644 

30 

J3 

1 1 

1 1 

21 

N 

i6^  I 

23 

13 

20 

1 1 

26 

S 

1664 

2? 

6 

54* 

3 

23. 

s 

1677 

28 

0 

4 

40 

N 

1690 

3^ 

18 

29f 

12 

43 

N 

1697 

23 

18 

II# 

10 

4 

S 

I 7 10 

26 

1 1 

43 

2 

I 

s 

1723 

29 

5 

19# 

6 

2 

N 

1730 

22 

5 

28 

16 

43 

S 

173^ 

30 

2 2 

35*# 

5 

N 

174.3 

24 

23 

2## 

8 

42 

S 

1756 

26 

1 6 

36 

0 

38 

S 

1769 

29 

10 

JO 

7 

24 

N 

07(5 

22 

10 

^9 

15 

23 

S 

November 

1782 

I 

3 

44* 

13 

'27 

N 

October 

1789 

25 

3 

?3* 

7 

20 

S 

Tranfits  wliich  have  the  mark  are  biit 
partly  vifible  at  London  ; but  thofe  which  are  mark- 
ed } are  totally  vifible. 

Now  it  is  to  be  obfervcd,  that  at  the  afcending 
node  of  Mercury  in  the  month  of  Odfober,  the  diame- 
ter of  the  fun  takes  up  32'  34^'>  and  therefore 
the  greatell  duration  of  a central  Tranfit  is  5^  29“*. 
But  in  the  month  of  April  the  diameter  of  the  fun 
13  31^  54^%  whence  by  reafon  of  the  flower  mo- 
tion of  the  planet,  there  arifes  the  greateft  dura- 
tion 8^  I'".  Now  if  Mercury  approaches  obliquely, 
thefe  durations  become  fhorter  on  account  of  the 
diftance  from  the  centre  of  the  fun.  And  that  the 
calculation  may  be  more  perfedf,  I have  added  the 
following  Tables,  In  which  are  exhibited  .the  half 
durations  of  thefe  eclipfes,  to  every  minute  of  the 
diftance  feen  from  the  centre  of  the  fun.  Thefe 
added  to  or  fubtrafted  from  tlie  moment  of  con- 
junction  found  by  the  foregoing  Table,  give 
the  beginning  and  end  of  the.  whole  phenome- 
non.” ' 


April, 

Odober, 

Diftance in 

Half  dura- 

Diftance in 

Half  dura- 

Min. 

tion. 

Min. 

tion. 

{ 

y 

h.  m. 

/ 

h.  m. 

0 

4 ol 

- 

0 

2 44z 

1 

4 0 

I 

2 44 

2 

3 

2 

2 43 

3 

3 56 

0 

2 4lz 

4 

3 53 

4 

2 39i 

5 

3 48^ 

5 

2 3<5r 

6 

3 43 

6 

2 33 

7 

3 36 

7 

2 284 

8 

3 28 

8 

2 23" 

9 

3 

9 

2 17 

10 

3 7 

10 

2 10 

1 1 

2 54 

11 

2 I 

12 

2 38 

12 

I 5i 

13 

2 19 

L 

I 39 

14 

I 55 

L 

1 24 

13 

I 2li 

15 

I .4 

Li: 

0 56 

* ,m  • 

■'  A* 

16 

0 50 

0 30 

Oj.thi  Vtfihle  Conjun^ton  of  Venus  with  the  Sun, 

“ Though  Venus  is  the  moft  beautiful  of  all  the 
ftars,  yet  (fays  Dr.  Halley>  like  the  reif  of  her  fex, 
fhe  does  not  care  to  appear  in  fight  without  her  bor- 
rowed ornaments,  and  her  affumed  fplendor.  For  the 
confined  laws  of  motion  envy  this  fpedfacle  to  the  mor- 
tals of  a whole  age,  like  the  fecular  games  of  the  An- 
cients ; though  It  be  far  tbe  moft  noble  among  all  thofe 
that  aftronomy  can  pretend  to  ftew.  Now  it  fhall  be 
declared  hereafter,  that  by  this'*  one  obfervatlon  alone, 
the  diftance  of  the  fun  from  the  earth  may  be  deter- 
mined with  the  greateft  certainty  wliich  hitherto  has 
been  included  within  wide  limits,  bccaufc  of  the  pai  dlax 
which  Is  otherwife  infenfible.  But  as  to  the  periods, 
they  cannot  be  deferibed  fo  accurately  as  thofe  of  Merl 
cury,  fince  Venus  has  been  obfervcd  within  the  finds 
diilc  but  once  fince  the  beginning  of  the  world,  and  that 
by  our  Horrox.”  Dr.  Halley  then  exhibits  the  prin- 
ciples of  calculating  thefe  Tranfits,  from  whence  he  in- 
fers that, 

“ After  18  years  Venus  returns  to  the  flip,  takimr 
away  ^2^  10^  from  the  moment  of  the  foregoing- 

Tranhf;  and  the  planet  proceeds  in  a path  winch  is 
24'  41  " more  to  the  fouth  than  the  former. 

“ After  235  years  adding  2^  jo^  9^,  Venus  may 
again  enter  the  fun,  but  In  a more  northern.,  path  by 
iL  33".  But  if  the  foregoing  year  is  biflextlL 
3^1  ]oh9.mmuft  be  added. 

After  243  years  Venus  may  alfo  pafs  the  fun,  only 
taking  away  43'"  from  the  time  of  the  former; 

but 
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but  proceeds  more  foutberlp  by  13^  Now  if  the 
foregoing  year  be  biffextile,  add  23’^  17"^  v 

And  in  all  thefe  appulfes  of  Venus  to  the  fun,  in 
the  month  of  November,  the  angle  of  her  path  with 
the  ecliptic  is  9°  5S  her  horary  motion  within  the 
fun  is  4 And  fince  the  femidiameter  of  the  fun 

is  16''  the  greatefl:  duration  of  the  iranfit  of  the 

centre  of  Venus  comes  out  7^  56'^. 

“ Then  let  the  fun  and  Venus  be  in  conjunction  at 
the  defeending  node  in  the  month  of  May  ; and  by  the 
fame*'  numbers  the  fame  intervals  may  be  commuted. 
After  8 years  let  there  be  taken  away  2*^  6^  5 5^  And 
Venus  will  make  her  Tranfit  in  a more  northern  path 
by  19^  58'  . 

After  235  years  add  8^  18'”,  or  if  the  fore- 
going year  be  biffextile  8^  18**%  and  you  will  have 
Venus  more  to  the  South  by  9!  2i''h  . 

‘‘  Laffly,  after  243  years  add  i'*  23"',  Or  if  the  fore- 
going year  be  biffextile  N h"  23’^,  and  Venus  will  be 
found  in  conjundlion  with  the  fun,  but  in  a more  north- 
erly path  by  10''  37''. 

“ In  every  Traniit  within  the  fun  at  this  node,  the 
angle  of  Venus’s  path  with  the  ecliptic  is  8'^  28',  and 
her  horary  motion  is  4^0'';  and  the  femidiameter  of 
the  fun  fiibtending  15' 51'^,  the  greateft  duration  of 
the  central  Tranfit  comes  out  alfo  7'^  56™,  exadlly  the 
fame  as  at  the  other  node. 

“ As  to  the  epochs,  from  that  only  ingrefs  which 
Horrox  obferved,  the  fun  being  then  juft  ready  to  fet, 
it  is  concluded,  that  Venus  was  in  conjundfion  with 
the  fun  at  London  in  the  year  1639,  Nov.  24^^  6^  37% 
and  that  (he  declined  towards  the  fouth  8^  30^^  But 
in  the  month  of  May  no  mortal  has  feen  her  as  yet 
within  the  fun.  But  from  my  numbers,  which  I judge 
to  be  not  very  different  from  the  heavens,  it  appears  that 
Venus  for  the  next  time  will  enter  the  fun  in  1761, 
IMay  25^^  17*^  being  the  middle  of  the  eclipfe, 

and  then  will  be  diftant  from  his  centre  4^  15^^, 
towards  the  fouth.  Hence  and  from  the  foregoing  revo- 
lutions all  the  phenomena  of  this  kind  will  be  eafily  ex- 
hibitedfor  a whole  millennium,  as  I havecomputed  them 
in  the  following  Table, 


, — 

In  November, 


Years. 

Times  of  Con- 
jundtion. 

Diffance  from  the 
Sun’s  Centre, 

d. 

h. 

m. 

/ 

// 

91S 

20 

21 

53 

6 

12 

N 

r 161 

20 

21 

10 

6 

55 

S 

1396 

23 

7 

20 

4 

38 

N 

163E 

26 

17 

29 

16 

1 1 

N 

1639 

24 

6 

37 

8 

30 

S 

,1874 

26 

16 

46 

3 

3 

N 

2109 

29 

2 

57 

H 

3^ 

N 

zi\n 
\ ' 

26 

16 

3 

10 

5 

S 

— ■ — " — — 

In  May, 


Years. 

Times  of  Con- 
jumffion. 

Diffance  from  the 
Sun’s  C'enri-e, 

d. 

h. 

m. 

1 

ft 

IO4S 

24 

n 

45 

3 

50 

N 

1283 

23 

8 

14 

5 

31 

S 

1291 

25 

15 

9 

27 

N 

1518 

25 

16 

32 

' H 

52 

S 

1526 

23 

9 

37 

5 

'6 

N . 

1761 

25 

17 

55 

4 

15 

B 

1769 

23 

1 1 

0 

15 

43 

N 

. 199^ 

28. 

2 

n 

13 

36 

S 

2004 

25 

19 

iS 

6 

2j2 

N 

As  for  the  durations  of  thefe  eclipfes  ofVerius, 
they  may  be  computed  after  the  fame  manner  as  thofc 
of  Mercury  in  refped  of  the  centre.  But  fmee  Venus’s 
diameter  is  pretty  large,  and  fmee  the  parallaxes  alfo 
may  bring  a very  notable  difference  as  to  time,  a parti- 
cular calculation  muff:  neceffarily  be  made  for  every 
place. 

“Now  the  diameter  of  Venus  is  fo  great,  that  while 
ffie  adheres  to  the  fun’s  limb  almoff:  20  minutes  of  time 
will  be  elapfed,  that  is,  when  fhe  applies  dire<ftly  to  the 
fun.  But  when  ffre  is  incident  obliquely,  fire  continues 
longer  in  the  limb.  Now  that  diameter,  according  to 
Horrox’s  obfervation,  takes  up  N 18'',  when  ffie  is  in 
conjundion  with  the  fun  at  the  afeending  node,  and 
I''  I at  the  other  node. 

Now  the  chief  ufe  of  thefe  conjun6lions  is  accu- 
rately to  determine  the  fun’s  diffance  from  the  earth,  or 
his  parallax,  which  affronomers  have  in  vain  attempted 
to  find  by  various  other  methods  ; for  the  minutenefi 
of  the  angles  required  eafily  eludes  the  niceff;’  i nftru- 
ments.  But  in  obferving  the  ingrefs  of  Venus  into  the 
fun,  and  her  egrefs  from  the  fame,  the  fpace  of  time 
between  the  moments  of  the  internal  contads,  obferved 
to  a fecond  of  time,  that  is,  to  Vt  c>f  a fecond  or  of 
an  arch,  may  be  obtained  by  the  afiiffance  of  a mode- 
rate telefcope  and  a pendulum  clock,  that  is  confident 
with  itfelf  exadly  for  6 or  8 hours.  Now  from  two 
fucli  obfervations  rightly  made  in  proper  places,  the  dif- 
tance  of  the  fun  within  a 500th  part  may  be  certainly 
concluded,  &c.”  See  Parallax. 

Transit  Injlrument^  in  Affronomy,  is  a telefcope 
fixed  at  right  angles  to  a horizontal  axis  ; this  axis  be- 
ing fo  fupported  that  the  line  of  collimation  may  move 
in  the  plane  of  the  meridian. 

The  axis,  to  the  middle  of  which  the  telefcope  is 
fixed,  fhould  gradually  taper  toward  its  ends,  and  ter- 
minate in  cylinders  well  turned  and  fmoothed ; and  a 
proper  weight  or  balance  is  put  on  the  tube,  fo  that  it 
may  ftand  at  any  elevation  when  the  axis  reffs  on  the 
fupporters.  Two  upright  pofls  of  wood  or  ff one,  firmly 
fixed  at  a proper  diffance,  are  to  fuftain  the  fupporters 
to  this  inftrument ; ihefe  fupporters  are  two  thick  brafs 

plates, 
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plates,  having  well  fmoothed  angular  notches  in  their 
tipper  ends  to  receive  the  cylindrical  arms  of  the  axis  ; 
€aclij  of  the  notched  plates  is  contrived  to  be  moveable 
by  a fcrew,  which  Hides  them  upon  the  furfaces  of  tw^o 
other  plates  immoveably  fixed  to  the  two  upright 
polls  ; one  plate  moving  in  a vertical  dirertion,  and  the 
other  horizontally,  they  adjull  the  telefcope  to  ' the 
planes  of  the  horizon  and  meridian  ; to  the  plane  of 
the  horizon,  by  a fpirit  level  hung  in  a pofition  parallel 
to  the  axis,  and  to  the  plane  of  the  meridian  in  the  follow- 
ing manner.  Obferve  the  times  by  the  clock  wdien  a 
oircumpolar  liar,  feen  through  this  inftrument,  Tranfits 
both  above  and  below  the  pole  ; then  if  the  times  of 
deferibing  the  eaftern  and  wefterii  parts  of  its  circuit 
be  equal,  the  telefcope  is  then  in  the  plane  of  the  meri- 
dian ; othervvife  the  notched  plates  mull  be  gently 
moved  till  the  time  of  the  liar’s  revolution  is  bifedled 
by  both  the  upper  and  lower  Tranfits,  taking  care  at 
the  fame  time  that  the  axis  keeps  its  hoiizontal  pofi- 
tion. 

When  the  telefcope  is  thus  adiufied,  a mark  11111(1  be 
fetup,  or  made,  at  a confiderable  dillance  (the  greater 
the  better)  in  the  horizontal  diredlion  of  the  interfec- 
tion  of  the  crofs  wires,  and  in  a place  where  it  can  be 
illuminated  in  the  night-time  by  a lanthorn  near  it, 
which  mark,  being  on  a fixed  objedr,  will  ferve  at  all 
times  afterwards  to  examine  the  pofition  of  the  tele- 
Icope,  by  firil  adjufiing  the  tranverfe  axis  by  the  level. 

To  adjuH  a clock  by  the  fun's  Tmulit  over  the  meri- 
dian, note  the  times*  by  the  clock,  when  the  preceding 
and  following  edges  of  the  fun’s  limb  touch  the  crofs 
wires;  the  difference  between  the  middle  time  and 
12  hours,  fhews  how  much  the  mean,  or  clock  time, 
is  fafter  and  (lower  than  the  apparent  or  folar  time,  for 
that  day  ; to  which  the  equation  of  time  being  ap- 
plied, it  will  (lievv  the  time  of  mean  noon  for  that  day, 
by  which  the  clock  may  be  adjuilcd. 

TRANSMISSION,  in  Optics,  ^-c,  denotes  the 
property  of  a tranfparcnt  or  tranfiucent  body,  by 
which  it  admits  the  rays  of  light  to  pafs  through  its 
fubfiaace  ; in  which  ienfe,  the  word  Hands  oppol'ed  to 
lefleTion. 

For  the  caufe  of  TranfmifTion,  or  the  reafon  why 
fome  bodies  Tranfmit  the  rays,  and  others  refiedl  them, 
fee  Transparency  and  Opacity. 

The  rays  of  light,  Newton  obferves,  are  fubjedl  to 
fits  of  eai'y  Traifimifiion  and  reflection.  See  Light, 
and  Reflection. 

TRANSMUTATION,  or  Tran’sform ation,  in 
Geometry,  denotes  the  reduction  or  change  of  one  fi- 
gure or  body  into  another  of  the  fame  area  or  folidi- 
ty  ; as  a triangle  into  a fquare,  a pyramid  into  a 
cube,  See. 

Tran  smutation,  in  the  Higher  Geometry,  has 
been  iifed  for  the  converting  of  a figure  into  another  of 
the  fame  kind  and  order,  whcHe  refpeflive  parts  rife  to 
the  fame  dimenfions  in  an  equation,  and  admit  the^farne 
tangents,  &c. 

If  a redtilineal  figure  be  to  be  Tranfmuted  into  ano- 
ther, it  is  fufficient  that  the  inteHedt'ons  of  the  lines 
vvhicii  compofe  it  be  transferred,  and  lines  drawn  through 
the  fame  in  the  new  figure.  But  if  the  figure  to  be 
Tranfmiited  be  curvilinear,  the  points,  tangents,  and 
VoL,  11, 


other  right  lines,  by  means  of  which  the  curve  line  is 
to  be  defined,  mult  be  transferred. 

TRANSOM,  among  Builders,  the  piece  that  13 
framed  acrofs  a double  light  window^. 

Transom,  among  Mathematicians,  denotes  the  vane 
of  a crofs'itaff ; being  a wooden  member  fixed  acrofs  it, 
with  a fquare  upon  wdiich  it  Aides,  Sec. 

TRANSPARENCY,  or Translucency,  in  Phy- 
fics,  a quality  in  certain  bodies,  by  which  they  give 
pafiage  to  the  rays  of  light. 

T1  le  Tranfparency  of  natural  bodies,  as  glafs,  water, 
air,  &c,  Isafcribed  by  fome,  to  the  great  number  and 
fize  of  the  pores  or  interftices  between  the  particles  of 
thofe  bodies.  But  this  account  is  very  defedtive  ; for 
the  molt  folid  and  opaque  body  in  nature,  that  w'c 
know  of,  contains  a great  deal  more  pores  than  it  doe* 
matter  ; furely  a great  deal  more  than  is  neceflary 
for  the  paffage  of  fo  very  fine  and  fubtle  a body  as* 
light. 

Ariftotle,  Hes  Cartes,  dec,  make  Tranfparency  to 
confilt  in  (traighinefs  or  redtilineal  diredlion  of  the  pores; 
by  means  of  which,  fay  they,  the  rays  can  make  their 
way  through,  without  (triking  againll  the  folid  parts, 
and  fo  being  refledted  back  again.  But  this  account, 
Newton  Aicws,  is  imperfedt ; the  quantity  of  pores  in 
all  bodies  being  fufliclent  to  tranfmit  all  the  rays  that  fall 
upon  them,  however  tliofe  pores  be  fituated  with  refpedl 
to  each  other. 

I’he  reafon  then  why  all  bodies  arc  not  Tranfparcnt, 
is  not  to  be  aferibed  to  tlieir  want  of  redtilineal  pores  ; 
but  either  to  tlie  unequal  denfity  of  the  parts,  or  to  tlie 
j)ores  being  filled  with  fome  foreign  matters,  or  to 
their  being  quite  empty,  by  means  of  whicli  the  rays, 
in  pafiing  through,  undergoing  a great  variety  of  re- 
fledtions  and  refradtions,  aie  perpetually  diverted  dif- 
ferent ways,  till  at  length  falling  on  fome  of  the 
folid  parts  of  the  body,  they  are  extiiiguiflied  and  ab- 
forbed. 

Thus  cork,  paper,  wood,  &c,  arc  opake ; while 
glafs,  diamonds,  &c,  are  Tranfparent  ; and  the  reafon 
is,  that  in  the  neighbourhood  of  parts  equal  in  denfity 
with  reipedt  to  each  other,  as  thefe  latter  bodies,  the 
attradtioii  being  equal  on  every  fide,  no  refledtion  or 
refradtion  enfues  : but  the  rays  which  entered  the  firH 
furface  of  the  body  proceed  quite  through  it  without 
Interruption,  thofe  few  only  excepted  tliat  chance  to 
meet  with  the  folid  parts  : but  in  the  neighbourhood 
of  parts  that  difltr  much  in  denfity,  fuch  as  the  parts 
of  wood  and  paper  are,  both  in  reipedt  of  themfelveS 
and  of  the  air,  or  the  empty  jpace  In  their  pores; 
as  tlie  attraction  is  very  unequal,  the  rcfledtions  and 
refradtions  mult  be  very  great  ; and  therefore  the’ravs 
will  not  be  able  to  make  their  way  throug'h  fuch  bodies, 
but  will  be  variouAy  deflcdled,  and  at  length  quite' 
Hopped.  See  Opacity. 

TRANSPOSITION,  in  Algebra,  is  the  bringing 
any  term  of  an  equation  over  to  the  other  fide  of  it. 
Thus,  if  a X — and  you  make  x ^ c — a,  then 
a is  faid  to  be  Tranfpofed. 

Idiis  operation  is  to  be  performed  in  order  to  bring 
all  the  known  terms  to  one  fide  of  the  equation,  and  all 
thofe  that  are  unknown  to  tfie  other,  fide  of  it ; and 
every  term  thus  Tranfpofed  muH  always  have  its  fign 
4 i changed. 
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changed,  from  + to  — , or  from  — to  + ; which  iri 
fa6l  is  no  more  than  fubiratling  or  adding  luch  term 
on  both  fides  of  the  equation.  See  Reduction  of 
Equations. 

TRANSVEPvSE-y/.e/j,  or  D'lamder,  m the  Conic 
Sections,  is  the  hrfl  or  principal  diameter,  or  axis. 
See  Axis,  Diameter,  and  Latus  TransvePs- 

SUM. 

In  an  ellipfe  the  Xi'ani’^erfe  fs  the  \onge(l  of  all  the 
diameters  ; but  the  fliorteil  of -all  in  tne  hyperbola  ; 
and  in  the  parabola'  the  diameters  aic  ail  equal,  or  at 
leaff  in  a ratio  ol  equality. 

TRAPEZIUM,*  in  Geometry,  a plane  figure  con- 
tained under  four  right  lines,  of  which  both  the  oppo- 
^te  pairs  are  not  paialleL— -“When  this  hgure  has  two  of 
its  Tides  parallel  to  each  other,  it  is  loraetimes  called  a 
iraJ^czouL—' The  chief  properties  of  the  Trapezium 
are  as  follow  : 

I . Any  three  fuies  of  a Trapezium  taken  together, 
are  greater  than  the  third  fide. 

Sc  The  two  diagonals  of  any  Trapezium  divide  _it 
into  four  proportional  triangles,  r,  d.  i hat  is, 

the  triangle  a i h \ c \ 

3.  The  fuin  of  all  the  four  inward  angles,  A,  B, 
C,  D,  taken  together,,  is  equal  to  4 right  angles, 
or  360°, 


4.  In  a Trapezium  ABCD,  if  all  the  fides  be  bl- 
fefted,  in  the  points  E,  F,  G,  FI,  the  figure  EFGH 
formed  by  joining  the  points  of  bifedtion  will  be  a pa- 
rallelogram, having  its  oppofite  fides  parallel  to  the  cor- 
yefponding  diagonals  of  the  Trapezium,  and  the  area 
of  the  faid  inferibed  parallelogram  is  juft  equal  to  half 
the  area  of  the  Trapezium. 

5.  The  fum  of  the  fquares  of  the  diagonals  of  the 
Trapezium,  is  equal  to  twice  the  fum  ol  the  fquares  of 
the  diagonals  of  the  parallelogram,  or  of  the  two  lines 
drawn  to  bifed  the  oppofite  fides  of  the  Trapezium. 
That  is,  AC*  + B.D^  =:  2EG*  4-  2FFT. 

6.  In  any  Trapezium,  the  fum  of  the  fquares  of  all 
the  four  fides,  is  equal  to  the  fum  of  the  fquares  of  the 
two.  diagonals  together  with  4 times  the  fquare  of  the 
line  KI  joining  their  middle  points.  Ttiat  is,  (firft 
fig.  below) 

AB*  -i-  BC*  + CD^  T DA*  ~ AC*  T BD®  4- 


nals,  is  lefs  than  the  fum  of  any  four  lines  that  can  bf 
drawn,  to  the  four  angles,  from  any  point  within 
figure,  befide  the  interfedion  of  the  diagonals. 

R The  area  of  any  Trapezium,  is  equal  to  half  the 
redangie  or  produd  under  eitbet  diagonal  and  the  iam 
of  the  two  perpendiculars  drawn  upon  it  from  the  t’k\o  . 
oppofite  angles. 

9.  The  area  of  any  Trapezium  raa]/  a’fo  be  found 
thus:  Multiply  the  two  diagonals,  toget/ser,  t!};en  that 
produd,  multiplied  by  the  fine  of  their  angle  of  inter.* 
fedion,  to  the  radius  i,  will  be  the  area.  T.'lrat  is., 

AC  X BD  X fin.  Z..L  ~ area, 

10.  The  fame  area  will  be  otherwife  found  thus  :■ 
Square  each  fide  of  a Trapezium,  add  the  fquares  of 
each  pair  of  oppofite  ficies  togetlier,  fubtraCt  the  lefs 
fum  from  the  greater,  rPukipiy  tfie  remainder  by  the 
tangent  of  the  angle  of  interfedimi  of  the  diagonak 
(to  radius  l),  and  ^ of  the  produd  will  be  the  area. 

That  is,  (AB*4-EC*  — AD*  -f  BC*)  x |tar,g.  Z.L  = 
area. 

I I.  The  area  of  a Trapezoid,  or  one  that  has  two- 
fides  parallel,  is  equal  to  the  redangie  or  produd  un- 
der the  fum  of  the  two  parallel  fides  and  the  perpendR 
cular  diftance  between  them. 

12.  If  a Trapezium  be  inferibed  in  a circle  y the  fum 
of  any  two  oppofite  angles  is  equal  to  two  right  angles  j 
and  if  the  fum  ot  two  oppofite  angles  be  equal  to  two 
right  angles,  the  fum  of  the  other  two  will  alfo  be  equal' 
to  two  right  angles,  and  a circle  may  be  deferibed 
about  it  ; and  farther,  if  one  fide,  as  DC,  be  produced 
out,  the  external  angle  will  be  equal  to  the  interior 
oppofite  angle.  That  is,  (laft  fig.  above) 

ilA-}-  jLC  = Z.B-}-  ZdD  ~ 2 right  angles, 
and  Z.A  = zlBCP. 

13.  If  a Trapezium  be  Inferibed  in  a circle  ; the  red^ 
angle  of  the  two  diagonals,  is  equal  to  the  fum  of  tlm 
two  redangles  contained  under  the  oppofite  fides.. 
That  is, 

AC  X BD  rrr  AB  X DC  -f  AD  X BC. 

14.  If  a Trapezium  be  inferibed  in  a circle  ; its* 
area  may  be  found  thus  ; Multiply  any  two  adjacent 
fides  together,  and  the  other  two  fides  together  ; then 
add  thefe  two  produds  together,  and  multiply  the  fum 
by  the  fine  of  the  angle  kiciiidyd  by  either  of  the  pairs 
of  fides  that  arc  multiplied  together,  and  half  thislaft  pro- 
dud will  be  the  area.  That  is,  the  area  is  equal  either 

to  (AB  X AD  + CB  X CD)  x f fin.,  zlAor  zlG, 
or  (AB  X BC  4'  AD  x DC)  x ^fin.  <i  B or  <D, 


I»  any  Trapezium,  the  fum  of  the  two  diago 


15.  Cr,  when  the  Trapezium  can  be  inferibed  in  a 
circle,  the  area  may  be  otherwife  found  thus  : Add  all 
the  four  fides  together,  and  take  half  the  fum  ; then 
from  this  half  fubtrad  each  fide  feverally  ; multiply  the 
four  remainders  continually  together,,  and  the  fquare 
root  of  the  laft  produd  v/ill  be  the  area. 

j6.  Daftly,  the  area  of  the  Trapezium  inferibed  in- 
^ circle  may  be  otherwife  fauud  thus ; 

Pill 
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Put  fw  = AB  X BC  + AD  X,  DC, 

« = BA  X AD+  BC  X CD, 

/>  = AB  X DC  + AD  X EC, 

r ~ radius  of  the  circumfcribing  circle, 

mnp 

then  = the  area  of  the  TrapeKium. 

4r  ^ 

ID,  fometimeg denotes  a tra^jczium  that 

has  two  of  its  fides  parallel  to  each  other  ; and  fome- 
times  an  irregular  folid  figure,  having  four  fides  not 
parallel  to  each  other. 

TRAVDRSE,  in  Gunnery,  is  the  turning  a piece 
of  ordnance  about,  as  upon  a centre,  to  make  it  point 
in  any  particular  diredlion. 

Traverse,  in  Fortification,  denotes  a trench 
*\nth  a little  parapet,  fometimes  two,  one  on  each  fide, 
to  ferve  as  a cover  from  the  enemy  that  might  come  in 
fiank. 

Traverse,  in  a wet  fofp,  is  a fort  of  gallery,  made 
by  throwing  faucilfons,  joifis,  fafeines,  ftones,  earth, 
&:c,  ifito  the  fofs,  oppofite  the  place  where  the  miner 
is  to  be  put,  in  order  to  fill  up  the  ditch,  and  make  a 
, pafiTage  over  it. 

Traverse  alfo  denotet  a wall  of  earth,  or  fione, 
^ifed  acrofs  a work,  to  Hop  the  fliot  from  rolling  along 

Traverse  alfo  fometimes  fignifies  any  retrenchment, 
<^r  line  fortified  with  fafeines,  barrels  or  bags  of  earth, 

gabions. 

Traverse,  in  Navigation,  is  the  variation  Cr  altera- 
tion of  a (hip’s  courfe,  occafioned  by  the  Ihlfting  of 
the  w’inds,  or  currents,  &c  ; or  a Traverfe  is  a com-. 
pound  courfc,  confifiing  of  feveral  different  courfes  and 
difiances. 

Traverse  Sailings  is  the  method  of  working,  or 
Calculating,  Traverfes  or  compound  courfes,  fo  as  to 
bring  them  into  one,  drc. 

- Traverfe  Sailing  is  ufed  when  a fhip,  having  failed 
from  one  port  towards  another,  whofe  courfe  a^nd  dif- 
tance  from  the  former  is  known,  is  by  reafon  of  contrary 
winds,  or  other  accidents,  forced  to  fliift  and  fail  upon 
feveral  courfes,  which  are  to  be  brought  into  one  courfe, 
to  learn,  after  lo  many  turnings  and  windings,  the  true 
courfe  and  dillancc  made  good,  or  the  true  point  tiie 
fhip  is  arrived  at  ; and  fo  to  know  what  mult  be  the 
new  courfe  and  diftance  to  the  intended  port. 

To  Cofi/^ru^  a Tra'vcrfe.  Affnine  a convenient  point 
or  centre,  to  begin  at,  to  reprefent.  the  place  failed 
from,  from  that  point  as  a centre,  with  the  chord  of 
60'^,  delcribe  a circle,  which  quarter  with  two  perpen- 
dicular hues  interfeding  in  the  centre,  one  to  reprefent 
the  meridian,  or  riovth-nnd-fonth  line,  and  the  ether 
the  ealt-and-weft  line,  from  the  inieiTedions  of  thefe 
lines  with  the  circle,  fet  off  upon  the  circumference, 
the  arcs  or  degrees,  taken  from  the  chords,  fp-r  the 
feveial  courfes  that  have  been  faded  upon,  marking  the 
points  they  reach  to  in  the  circumference  witlr  the 
figures  for  the  order  or  number  of  the  courfes,  i,  2,  3, 

.4,  Dec  ; and  from  the  centre  draw  lines  to  thefe  feveral 
points  in  the  circumference,  or  conceive  them  to  be 
drawn.  Upon  the  firfi  of  thefe  lines  lay  off  the  fiifi 
diftance  failed  ; from  the  extremity  of  this  diftance  draw 
a line  parallel  to  the  fecond  radius,  or  line  drawn  in  the 
Urcle^  upon  wiiicli  lay  off  the  2d  diftance  ; through 


the  end  of  this  2d  diftiAnce  dfaw  a liive  parallel  to  the 
^d  radius,  for  the  diredfion  of  the  3d  courfe,  and  upon 
It  lay  off  the  3d  diftance  ; and  fo  on,  through  all  the 
courfes  and  difiances.  This  done,  draw  a line  from 
the  centre  to  the  end  of  the  laft  diftance,  which  will  be 
the  whole  diftance  made  good,  and  it  will  cut  the  circle 
in  a point  (hewing  the  courfe  made  good.  Laftly, 
draw  a line  from  the  end  of  the  lafi  diftance  to  the  point 
repreieniing  the  port  bound  to,  and  it  will  fiiew  the  , 
diftance  and  courfe  yet  to  be  failed,  to  gain  that  porl.^ 

To  nx)ork  a Traverfe^  or  to.  compute  it  hy  the  Trai^erfe 
7 able  of  Difference  of  Latitude  and  '^Departure, 

Make  a little  tablet  with  6 columns  ; tlie  ift  for  the 
courfes,  the  2d  for  the  difiances,  the  3d  for  the  north- 
ing, the  4th  for  the  foutliing,  the  5th  for  the  ealliiiP-, 
and  the  6th  for  the  wefting  ; firfi  entering  the  fev'eral 
courfes  and  difiances,  in  fo  many  lines,  in  the  I ft  and 
2d  columns.  Then,  from  the  Traverfe  tabic,  take  out 
the  quantity  of  the  northings  or  fouthings,  and  eafiings 
or  wefiings,  anfvvering*  to  the  feveral  given  courfes  and 
di fiances,  entering  them  on  their  correfponding  lines, 
and  in  theproper  columns  of  eafting,  wefting,  northimr, 
and  foutliing.  Tin's  done,  add  up  into  one  fum  the 
numbers  in  each  of  thefe  lafi  four  columns,  which  will 
give  four  films  (hewing  the  whole  quantity  of  eafiirig, 
wefiiug,  northing,  and  foutliing  made  good  ; then  take 
the  difference  between  the  whole  eafiing  and  wefting, 
and  alfo  between  the  northing  and  foutliing,  fo  (hall 
thefe  (hew  the  fpaces  made  good  in  thefe  two  diredions, 
viz,  eafi  or  weft,  and  north  or  fouth  ; which  being 
compared  with  the  given  difference  of  latitude  and  de- 
parture, will  (hew  thofe  yet  to  be  made  good  in  failing 

to  the  defired  port,  and  thence  the  courfe  and  diftance 
to  it. 

Example.  A (liip  from  the  latitude  28®  32'  north, 
bound  to  a port  dlftaiu  100  miles,  and  bearing  NE  by 
N,  has  run  the  following  courfes  and  difiances,  viz,  ift, 
NWby  Ndift.  20  miles;  2d,  SW  40  miles;  3d,  NE  by 
E 60  miles  ; 4th,  bE  55  miles;  3th,  V/  by  S 41  miles; 
6th,  ENE  66  miles.  Required  Jier  prefent  latitude, 
VMth  the  diiedf  cor. rfe  and  difiauce  made  good,  and 
thofe  for  the  port  bound  to. 

The  numbers  being -taken  out  of  the  Traverfe  table, 
and  entered  oppofite  the  feveral  courfes  and  difiances* 
the  tablet  will  be  as  here  follows  ; 


1 Coarl'e?. 

1 Pill. 

1 North . 

j South. 

Ea(t. 

^ 

Weft. 

NVVby  N 
8\7 

NE  by  E 
SR 

W by  S 
ENR 

j — 

j 20 

! .N: 

41 

66 

i6  6 

33'3 

. 

• 

3^'9 

8*0 

. 

• 

» 

d9’9 

3^*9 

. 

61  -o 

j 1 1 • I f 
"8-3 

# P 
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^crethe  fums  of  the  northings  andfouthmgs, being  both 
alike,  75-2,  fhews  that  the  fliip  Is  come  to  the  lame 
parallel  of  latitude  Hie  fet  out  from.  And  the  difPerence 
Ltween  the  fums  of  the  callings  and  welhngs,  Ihews 
that  the  fliip  is  'jO'z  miles  more  to  the  eallward,  tha 
being  the  greater.  Confequently  the  courfe  made  good 

is  due  eali,  and  the  dillance  is  70  ^ mllp. 

But,  by  the  Traverfe  table,  the  northing  and  eaiting 
to  the  propofed  courfe  NE  by  N,  and  dillance  100, 
are  thus,  viz,  northing  83*1  and  eafting  55*0 
dilf.  from  made  good  o and  calling  70  2 


give 


northing  83*1  and  welling  I4‘6 


yet  to  be  made  good  to  arrive  at  the  intended  port ; and 
therefore,  by  finding  thefe  in  the  Traverfe 
fwering  to  them  are  the  intended  co^urfe  and  dutance, 

viz,  ddlance  85,  and  courfe  N 10°  W. 

The  oeometrical  conflrudlion,  according  to  the  me- 
thod before  defcribed,  gives  the  figure  as  below  : where 
A is  the  port  fct  out  from,  B is  the  port  bound  to, 


C Is  the  place  come  to,  by  failing  the  feveral  coiirfes  and 
diftances  Aa,  ah,  he,  cd,  Jr,  and  rC  ; then  CB  is  the 
dillance  to  be  failed  to  arrive  at  the  port  B,  and  Us 
courfe,  or  diredlion  with  the  meridian,  is  nearly  i_o^, 
©r  the  angle  ACB,  made  with  the  eall-aiid-wcll  line, 
nearly  %cP.—Noie,  the  radii  from  the  centre  to  the 
feveral  points  in  the  circumference,  are  omitted,  to 

prevent  a confufion  in  the  figure. 

Tr AVER in  a ihip,  a fmall  round  boaid, 
hanging  up  in  the  lleerage,  and  pierced  full  of  holes  in 
lines  Ihewing  the  points  of  the  compals  : upon  which, 
bv  moving  a fmall  peg  from  hole  to  ho'le,  the  ileeifman 
keeps  an  account  how  many  glalfes,  that  is  half  hours, 

the  Ihip  lleers  upon  any  polnt.^  ^ , r * i. 

TRAVESSE-T^y^/r,  in  Navigation,  is  the  fame  with 
a table  of  difference  of  latitude  and  departure  ; being 
the  difference  of  latitude  and  departure  ready  calculated 
to  every  point,  half  point,  quarter  point,  degree,  See, 
of  the  quadrant  ; and  for  every  dillance,  up  to  50  or 
100  or  120,  &c.  Though  it  may  ferve  for  any  greater 
dillance  whatever,  by  adding  two  or  more  together  ; 
or  by  taking  their  halves,  thirds,  fourths,  &c,  and 
then  doubling,  tripling,  quadrupling,  &c,  the  diffeience 
of  latitude  and  departure  found  to  thofe  parts  of  the 
dillance. 


This  table  Is-  one  of  the  moll  necefTary  and  ufefu!' 
things  a navigator  has  occafion  for  ^ for  by  it  he  can 
readily  reduce  all  his  courlcs  and  dillances,  run  in  the 
fpace  of  24 hours,  into  one  courfe  and  dillance;  whence 
he  finds  tlie  latitude  he  is  in,  and  the  deq^arture  from 
the  meridian. 

One  of  the  bell  tables  of  this  kind  is,  in  RobertfonT 
Navigation,  at  the  end  of  book  7,  vol.  i.  The  dif- 
tances  are  there  carried  to  1,205  for  the  fake  of  more 
cafy  fubdivifions  ; and  it  is  divided  into  two  parts  ; the 
firll  containing  the  courfes  for  every  quarter  point  of 
the  compals,  and  the  2d  adapted  to  eveiy  15b  or  quar- 
ter of  a degree,  in  the  quadtaut.  See  Braverse 
Sa'Ihig. 

A fpecimen  of  fuch  a Traverfe  Table  is  the  following, 
otherwife  called  a Table  of  Difference  of  Latitude  and 
Departure.  The  dillances  are  placed  at  top  and  bot- 
tom of  the  columns,  from  i to_  lO  ; but  may  be  extended 
to  any  quantity  by  multiplying  the  parts,  and  taking 
out  at  feveral  times.  .The  courfes,  or  angles  of  a right- 
angled  triangle,  are  in  a column,  on  botn  hdes,  each, 
in  two  parts,  the  one,  containing  the  even  points  and 
quarter  points,  and  the  other  whole  degrees,  as  far  as 
to  45°,  or  half  the  quadrant,  on  the  left-hand  fide, 
and,  the^  other  half  quadrant,  from  4^"^  to  90°,  returned 
upwards  from  bottom  to  top  on  the  right-hand  fide. 
The  correfponding  Dilference  of  Latitude  and  De- 
parture are  in  two  cojurnns  below  or  above  the  dillances, 
viz,  below  them  when  the  courfe  or  angle  is  within 
45°,  or  found  on  the  left'^hand  fide  ; but  above  them 
when  betvveen>45  ^tid  found  on  the  iight-hanu 

fide.  1 „ r f • a* 

....The  fame  table  ferves  alfo  to  work  all  caks  ot  iignt- 

angled  triangles,  for  any  other  purpofes.  For  ex^ 

ample,  Suppofe  a given  courfe  be  15°,  and  dijlance  35 

miles,  to  find  the  correfponding  difference  of  latitude 

and  the  departure  : Or,  in  a right-angled  triangle, 

given  the  hypotenufe  35,  and  one  angle  15°,  to  fina 

the  two  legs.  • 

tiere,  the  dulance  in  the  tabic  mull  be  accounted 

30,  moving  the  decimal  point  proportionally  or  one 
place  in  the  other  numbers;  and  thofe  numbers  taken 
out  at  twice,  viz,  once  from  the  columns  under  3 for  the 
30,  and  the  other  from  the  columns  under  thediflancfe 
5 / Thus,  on  the  line  of  i>°,  and  under  the 


30 

5 


are 

are 


Laf. 

28*978 

4'830 


and 

and 


Dep, 

riH 

1*294 


theref.  for  35  are  33*808  and  9*039 

So  that  the  other  two  legs  of  the  triangle  are  33*808 
and  9*059. — courfe  had  been  75°,  or  the  com* 
plement  of  the  former,  which  is  only  the  other  angle 
of  the  fame  triangle,  and  which  is  found  on  the  lame 
line  of  the  table,  but  on  the  lightdiand  hdc  of  it: 
then  the  numbers  in  the  columns  will  he  the  fame  as 
before,  and  will  give  the  fame  turns  for  the  two  lep  0 
the  triangle,  only  v/ith  the  contrary  names,  as  to  Lati'- 
tilde  and  Depai'titre,  which  change  places. 
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xREBLF,  in  Mufic,  t-he  higheft  or  Jiciitefl  of  tlie 
four  parts  in  fymphony,  or  that  which  is  heard  the 
cleareil  and  (hrilleil  in  a concert.  In  the  like  fenfe 
\ye  fay,  a I’rebic  violin,  Treble  hautboy,  kc. 

In  vocal  niuhc,  the  Freblc  is  ufuallv  coiniiiittcd  to 
boys  and  girls;  their  proper  part  being  the  Treble. 

The  Treble  is  divided  into  firft  or  blghed  Treble, 
and  lecond  or  bafs  Treble.  The  half  Treble  is  the 
faine  with  the  counter-tenor. 

^ RlfNCHES,  in  Fortification,  are  ditches  which 
the  beficgers  cut  to  approach  more  fecurely  to  the 
phee  attacked  ; whence  they  are  called  of  approach, 

i heir  breadth  is  8 or  lo  feet,  and  depth  6 or  '7. 

They  fay,  mount  the  Trenches^  that  is,  go  upon  duty 
in  them.  lo  rehenoe  the  Trenches,  is  to  relieve  fuch  as 
have  been  upon  duty  there,  d he  enemy  isfuid  to  have 
cleared  the  Trenches,  whdn  he  has  driven  away  or  killed 
the  foldiers  who  guarded  tiiem. 

Tail  of  the  Trsnch,  is  the  place  where  it  was  begun. 
And  the  Head  is  the  place  where  it  ends. 

Opening  Trenches,  is  when  the  beliegers  firfl: 

begin  to  work  upon  them,  or  to  make  tiiem  ; which 
is  ufnally  done  in  the  night. 

^ RRI I l-^A  nON,  ill  the  Ancient  Aft^'cnomy, 
denotes  what  they  call  a libra^i-m  of  ttie  8t’>  fphere  ; 
or  a motion  wliich  the  Ptoioiiraic  iyilem  attributed  to 
the  hrinament,  to  accom  t hir  ceitam  alinofL  inlenllble 
changes  and  n.^Utons  obCcrved  iii  the  axis  of  the  world  ; 
by  nieacs  ol  wliich'  the  latitudes  of  the  fixed  flars  come 
to  be  gradualb,  changed,  and  the  ecliptic  feems  to 
approach  reciprocally,  firll  towards  one  pole,  then 
towards  the  otlter. 

Tills  motion  is  alfo  called  the  motion  of  the  frjl 
lihration. 


Again,  with  refpeCl  to  the  Angles, 


ReFtangnlar  or  Right-angled  Triangle,  is  that 
vvhicii  has  one  right  angle  ; as  T. 

An  Olhqne  Triangle  is  that  which  has  no  right  anyde,. 
but  all  oblique  ones  ; as  E or  F. 

^ An  Acat angular  or  Oxygn-ne  Triangle,  is  tiiat  whicll 
has  tiiree  acute  angles ; as  E, 

An  Objufangular  ox  A.nhlygone  Triangle,  is  that  which 
has  an  obtulc  angle  ; as  F. 

A CurHtlinear  fu*  Cturvilincal  Triangle,  is  one  that 
has  all  its  tnree  lides  curve  lines. 

A Mixdlinear  Triangle  is  one  that  has  its  lides  forne- 
of  tliem  curves,  and  iome  right  lines. 

A Spherical  Triangle  is  orm  tluit  has  its  lides,  or  at 
leaft  fiymeofthem,  arcs  of  great  circles  of  the  fphere. 

Tnnlar  Triangles  are  fuch  as  have  the  angles  In  the 
one  equal^  to  the  angles  in  the  other,  each  to'^each. 

The  L'afe  of  a 'Iriangle,  is  any  fide  on  which  *a  per- 
pendicular is  drawn  from  the  oppolite  angle,  called  the 
vertex  ; and  the  two  Tides  about  the  perpendicular,  or 
the  vertex,  are  called  the  legs. 

^ The  Chief  Properties  of  Plane  Triangles,  are  as  follow, 
viz,  In  any  plane  Triangle, 

1.  The  greateft  fide  is  oppofite  to  the  greatefl  ano-Ie 
and  the  lead  fide  to  the  lead  angle,  &c.  " Alfo,  if  uvo 
fidts  be  equal,  their  oppofite  angles  are  equal  ; and  if 
the  Triangle  be  equilateral,  or  have  all  its  lides  equal. 
It  will  alfo  be  equiangular,  or  have  all  its  angles  equal 
to  one  another,  ^ 


I RET,  in  Commerce,  is  an  allowance  made  for 
the  wake,  or  the  duft,  that  may  be  mixed  with  any 
commodity  ; which  is  always  4 pounds  on  every  104 
pounds  weight.  See  Tare. 

1 RIANOLE,  in  Geometry,  a figure  bounded  or 
contained  by  three  lines  or  lides,  and  which  confe- 
quentiy  has  tiiree  angles,  from  whence  the  figure  takes 
its  name. 

IViangles  are  either  plane  or  fpberical  or  curvilinear. 
Plane  when  the  three  fides  of  the  Triangle  are  right 
lines;  but  fplierical  when  feme  or  ail  of  Them  are  arcs 
©f  great  cirdieson  the  fphere. 

Plane  Triangles  take  feveral  denominations,  both 
from  the  relation  of  their  angles,  and  of  their  fides,  as 
below.  And  ill  with  regard  to  the  fides. 


An  Equilateral  Triangle,  is  that  which  has  all  its 
three  fides  equal  to  one  another  ; as  A.. 

An  Ifojcels  or  Equicruval  Triangle,  is  that  which  has 
ttwm  fides  equal  ; as  B. 

A Scalene  Triangle  lias  all  its  fides  unequal ; as 
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2.  Any  fide  of  a Triangle  is  lefs  than  the  fum,  but 
greatci  than  the  difference,  of  the  other  twm  fides, 

^ 3.  The  lum  of  all  the  three  angles,  taken  together, 
IS  equal  to  two  right  angles. 

If  one  fide  of  a Triangle  be  produced  out,  the 
external  angle,  made  by  it  and  the  adjacent  fide,  is 
equal  to  the  fum  of  the  two  oppofite  internal  angles, 

5.  A line  drawn  parallel  to  one  fide  of  a Triangle, 
cuts  the  other  two  fides  proportionally,  the  correfpoiid« 
ingfegmcnts  being  proportional,  each  to  each,  and  to 
the  whole  fides  ; and  the  Triangle  cut  off  is  fimilar  to 
the  whole  Triangle. 

If  a perpendicular  be  let  fall  from  any  angle  of  a 
Triangle,  as  a vertical  angle,  upon  the  oppofite  fide  as 
a bale  ; then 

6.  The  redangle  of  the  fum  and  difference  of  the- 
fides,  18  equal  to  twice  tire  rediangle  of  the  bafe  and  the 
dillance  of  the  perpendicular  from  the  muddle  of  the 
bafe.— Or,  which  is  the  fame  thing  in  other  words, 

7.  The  difference  of  the  fquares  of  the  fides,’  is 
equal  to  the  difference  of  the  fquares  of  the  fegmetits 
of  the  bafe.  Or,  as  the  bafe  is  to  the  fum  of  the  fides 
fois  the  difference  of  the  lides,  to  the  difference  of  the 
fegments  of  the  bafe, 

8.  The  reiRangleof  the  legs  or  fides,  is  equal  to  the- 
rectangle  of  the  perpendicular  and  the  diameter  of  the' 
circumfcribing  circle. 

If  a Ime  he  drawn  bifeaing  any  angle,  to  the  bafe 
or  oppofite  fide  then,, 

9.  TLc 
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9.  The  fegments  of  the  bafe,  made  by  the  line  bi- 
fedting  the  oppefite  angle,  are  proportional  to  the  lides 
adjacent  to  them. 

10.  Tiic  fqnare  of  the  line  bifedling  tlie  angle,  is 
equal  to  the  difference  between  the  redfangle  of  the 
fides  and  the  reclangle  of  the  fegments  of  the  oafe. 

If  a line  be  drawn  from  any  angle  to  the  middle  of 
the  oppofite  fide,  or  bifedling  the  bafe  ; then 

1 1.  The  fum  of  the  fquares  of  the  fides,  is  equal  to 
twice  the  fum  of  the  fquares  of  half  the  bafe  and  the 
line  biledting  the  bafe. 

12.  The  angle  made  by  the  perpendicular  from  any 
angle  and  the  line  drawn  from  the  fame  angle  to  the 
middle  of  the  bafe,  is  equal  to  half  the  difference  of  the 
angles  at  the  bale. 

13.  If  through  any  point  D,  within  a Triangle 
ABC,  three  lines  EF,  GH,  IK,  be  drawn  parallel  to 
the  three  fides  of  the  Triangle  ; the  continual  produdts 
or  folids  made  by  the  alternate  fegments  of  thcfe  lines 
wifi  be  equal  ; viz, 

DE  X DK  X DH  = DG  X DF  X DI. 


14.  If  three  lines  AL,  BM,  CN,  be  drawn  from 
the  three  angles  through  any  point  D within  a T riangle, 
to  the  oppofite  fides  ; the  folid  produds  of  the  alternate 
fegments  of  the  fides  are  equal ; viz, 

AN  X BL  X CM  = AM  x CL  x BN,  (2d  fig. 
above). 

15.  Three  lines  drawn  from  the  three  angles  of  a 
Triangle  to  bifed  the  oppofite  fides,  or  to  the  middle 
of  the  oppofite  fides,  do  all  interfed  one  another  in  the 
fame  point  D,  and  that  point  is  the  centre  of  gravity 
of  the  Triangle,  and  the  diftance  AD  of  that  point 
from  any  angle  as  D,  is  equal  to  double  the  diftance 
BL  from  the  oppofite  fide  ; or  one  fegment  of  any 
of  thcfe  lines  is  double  the  other  fegment  : moreover 
the  fum  of  the  fquares  of  the  three  bifeding  lines,  is 
^ of  the  fum  of  the  fquares  of  the  three  fides  of  the 
Triangle. 

16. "^Three  perpendiculars  bifeding  the  three  fides 
of  a Triangle,  all  interfedl  in  one  point,  and  that 
point  is  the  centre  of  the  circumfcribing  circle. 

17.  Three  lines  bifedling  the  three  angles  of  a Tri- 
angle, all  interfed  In  one  point,  and  that  point  is  the 
centre  of  the  inferibed  circle. 

18.  Three  perpendiculars  drawn  from  the  three  an- 
gles of  a Triangle,  upon  the  oppofite  fides,  all  interfed 
in  one  point, 

19.  if  the  three  angles  of  a Triangle  be  bifeded  by 
the  lines  AD,  BD,  CD  (3d  fig.  above),  and  any  one 
as  BD  be  continued  to  the  oppofite  fide  at  O,  and  DP  be 
drawn  perp.  to  that  fide  ; then  is 

^ ADO  Z.CDP,  or  Z.  ADP  =:  Z.CDO. 

20.  Any  Tiiangle  may  have  a circle  clrcumfcnbed 
ftbout  It,  or  touching  all  its  angles,  and  acirde  inferibed 
within  it,  or  touching  ail  its  lides. 


21.  The  fqiiare  of  the  fide  of  an  equilateral  Triangle, 
is  equal  to  3 times  the  fquare  of  the  radius  of  its  cir- 
cumfcribing circle. 

22.  If  the  three  angles  of  one  Triangle  be  equal  to 
the  three  angles  of  another  Triangle,  each  to  each  ; 
then  thofe  two  Triangles  are  fimilar,  and  their  like 
fides  are  proportional  to  one  another,  and  the  areas  of 
the  two  Triangles  are  to  each  other  as  the  fquares  of 
their  like  fides. 

23.  If  two  Triangles  have  any  three  parts  of  the 
one  (except  the  three  angles),  equal  to  three  corre- 
fponding  parts  of  the  other,  each  to  each  ; thofe  two 
Triangles  are  not  only  fimilar,  but  alfo  identical,  or 
having  all  their  fix  corfefponding  parts  equal,  and  their 
areas  equal. 

24.  Triangles  {landing  upon  the  fame  bafe,  and 
between  the  fame  parallels,  are  equal ; and  Triangles 
upon  equal  bafes,  and  having  equal  altitudes,  are  equal. 

2 3.  Triangles  on  equal  bafes,  are  to  one  another  as  their 
altitudes:  and  Triangles  of  equal  altitudes,  are  to  one 
another  as  their  bafes  ; alfo  equal  Triangles  have  their 
bafes  and  altitudes  reciprocally  proportional. 

26.  Any  Triangle  is  equal  to  half  its  circumfcribing 
parallelogram,  or  half  the  parallelogram  on  the  fame  or 
an  equal  bafe,  and  of  the  fame  or  equal  altitude. 

27.  Therefore  the  area  of  any  Triangle  is  found,  by 
multiplying  the  bafe  by  the  altitude,  and  taking  half 
the  produd. 

28.  The  area  is  alfo  found  thus  : Multiply  any  two 
fides  together,  and  multiply  the  produd  by  the  fine  of 
their  included  angle,  to  radius  i,  and  divided  by  2, 

29.  The  area  is  alfo  otherwife  found  thus,  when  the 
three  fides  are  given  : Add  the  three  fides  together, 
and  take  half  their  fum  ; then  from  this  half  fum  fub- 
trad  each  fide  feverally,  and  multiply  the  three  re- 
mainders and  the  half  fum  continually  together;  then 
the  fquare  root  of  the  laid  produd  will  be  the  area  of 
the  Triangle. 

30.  In  a right-angled  Triangle,  if  a perpendicular 
be  let  fall  from  the  right  angle  upon  the  hypothepufe, 
it  will  divide  it  into  two  other  Triangles  fimilar  to  one 
another,  and  to  the  whole  Triangle. 

31.  In  a right-angled  Triangle,  the  fquare  of  the 
hypotbenufe  is  equal  to  the  fum  of  the  fquares  of  the 
two  fides ; and,  in  general,  any  figure  deferibed  upon 
the  hypotbenufe,  is  equal  to  the  fum  of  two  fimilar 
figures  deferibed  upon  the  tvro  fides. 

32.  In  anifofeeies  Triangle,  if  a line  be  drawn  from 
the  vertex  to  any  point  in  the  bafe  ; the  fquare  of  that 
line  together  witli  the  redangle  of  the  fegments  of  the 
bafe,  Is  equal  to  the  fquare  of  the  fide. 

33.  If  one  angle  of  a Triangle  be  equal  to  120°; 
the  fquare  of  the  bafe  will  be  equal  to  the  fquares  of 
both  the  fides,  together  with  the  redangle  of  thofe 
fides  ; and  if  thofe  fides  be  equal  to  each  other,  then 
the  fquare  of  the  bafe  will  be  equal  to  three  times  the 
fquare  of  one  fide,  or  equal  to  [2  times  the  fquare  of 
the  perpendicular  from  the  angle  upon  the  bafe. 

34.  In  the  fame  Triangle,  viz,  having  one  angle 
equal  to  120°  ; the  difference  of  the  cubes  of  the  fides, 
about  that  angle,  is  equal  to  a folid  contained  by  the 
difference  of  the  fides  and  the  fquare  of  the  bafe  ; and 
the  fum  of  the  cubes  of  the  fides,  is  equal  to  a folid 
contained  by  the  fum  of  the  fides  and  the  difference 

between 
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between  tKe  fquare  of  the  bafe  and  twice  the  redlan^Ie 
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] 


ot  the  fides. 


Tnere  are  many  otner  properties  of  Triangles  to  be 
fonnd  among  the  geometrical  writers  ; fo  Gregory  St. 
\ incent  has  written  a folio  volume  upon  ^i''riangles  | 
tlieie  aie  alfo  feveral  in  liis  C^^adrature  of  the 
(iircle.  See  alfo -other  properties  under  the  article 
Trigonometry. 

For  the  properties  of  fpherical  Triangles,  fee  Sphe- 
rical T nav^h.u 

^ o/ Triangles.  See  Trigonometry. 

iRiANGLE,  in  x\ftroiiomy,  one  of  tlie  z|.8  ancient 
conftellat'ions,  iituated  in  the  northern  bemilpliere. 
There  is  alfo  the  Southern  Triangle  in  the  louthern  he- 
mi fph ere, ^ which  is  a modern  conhellation.  The  liars 
in  the  Northern  Triangle  are,  in  Ptolemy’s  cata- 
logue 4,  in  Tycho’s  4,  in  Hcvelius’s  1 2,  and  in  the 
Britilh  catalogue  16. 

The  liars  in  the  Southern  Triangle  are,  in  Sharp’s 
catalogue,  5. 

Arithmetical  Triangle,  a kind  of  numeral  Triangle, 
cr  Triangle  of  numbers,  being  a table  of  certain  num- 
bers difpofed  in  form  of  a Triangle.  It  was  fo  called 
by  Palcal ; but  he  v>'as  not  the  inventor  of  this  table,  as 
fonie  writers  have  imagined,  its  .properties  having  been 
treated  of  by  other  authors,  fome  centuries  before 
him,  as  is  Ihewn  in  my  Mathematical  Trahls,  vol.  I, 
pa.  69  (See. 

The  form  of  the  Triangle  is  as  follows : 
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And  it  is  conllrufled  by  adding  always  the  lall  two 
numbers  of  the  next  two  preceding  columns  together, 
to  give  the  next  fncceeding  column  of  numbers. 

The  firll  vertical  column  coiifills  of  units  ; the  2d  a 
feri  es  of  the  natural  numbers  i,  2,  3,  4,  c,  &c  ; the 
' 3d  a feries  of  Triangular  numbers  i,  3,  6,  lo,  &c  ; 
the  4th  a feries  of  pyramidal  numbers,  Stc.  The 
oblique  diagonal  rows,  defeending  from  left  to  right, 
are  alfo  the  fame  as  the  vertical  columns.  And  the 
numbers  taken  on  the  horizontal  lines  are  the  co-effi- 
cients of  the  different  powers  of  a binomial.  Many 
other  properties  and  ufes  of  thefe  numbers  have  been 
delivered  by  various  authors,  as  may  be  feen  in  the  In- 
trodudion  to  my  Mathematical  Tables,  pages  7,  8,  7 c, 
76,  77,  89,  2d  edition. 

After  thefe,  Pafcal  wrote  a treatife  on  the  Arithme- 
tical Triangle,  which  is  contained  in  the  5th  volume 
of  his  works,  publifhed  at  Paris  and  the  Hague  in 
1779,  in  5 volumes,  8vo. 

In  this  publication  is  alfo  a defeription,  taken  from 
the  I ft  volume  of  the  French  Encyclopedic,  art. 
Arithmetlque  Machine^  of  that  admirable  machine  in- 
VoL,  II. 


^ y " i a t the  age  of  J9,  fuMuTnihg  an  eafy 
and  expeditious  method  cf  making  all  forts  of  aiith- 
metical  calculations  without  any  other  affiftance  than 
the  eye  and  the  hand. 

T R I ANGULAR,  relaliug  to  a triangle  ; as 

T O ^ ^ 

RiAKGULAR  Canov^  tables  relating  to  trigonome- 
try ; as  of  fines,  tangents,  fecants,  Szc. 

1 R I ANGULAR  Compajfes^  are  fuch  as  have  three  legs 
or  feet,  by  which  any  triangle,  or  three  points,  may  be 
taken  off  at  once.  Thefe  are  very  uftfui  in  the  con- 
ftruclion  of  maps,  globes, 

Pp.i ANGULAR  lAumhersy  are  a kind  of  polygonal 
nuriibers  ; being  the  fums  of  arithmetical  pr'ogreffions, 
v\hich  have  i tor  the  common  difference 'of  their 
tei'ins. 

Thus,  from  thefe  arithmeticals  123456, 
are  formed  the  Triang.  Numb.  J 3 6 lo  13  21, 

or  the  3d  column  of  the  arithmetical  triangle  above- 
mentioned. 

T he  firm  of  any  number  n of  the  terms  of  the  Trian- 
gular numbers,  i,  3,  6,  10,  &c,  is  = 

n -f  I n \-i 


tt- 


+ 


ir 
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or 


X 


...  X 


whicli  is  alfo  equal  to  the  number  of  (hot  in  a triangu- 
ar  pile  of  balls,  the  number  of  rows,  or  the  number  in 
each  frde  of  the  bafe,  being  n. 

The  fum  of  tlic  reciprocals  of  the  Triangular  feries, 
infinitely  continued,  is  equal  to  2 ; viz, 

^ + f 4*  R + To  + tV  ~ 2. 

For  the  rationale  and  management  of  thefe  numbers, 
fee  Malcolm’s  Arith.  book  ch.  2;  and  Simpfon’s 
Algeb.  fee.  15. 

Iriangular  ^hindranty  is  a fedor  furniffied  with 
a loofe  piece,  by  which  It  forms  an  equilateral  triangle. 
Upon  it  is  graduated  and  marked  the  calendar,  with 
the  fun’s  place,  and  other  iifeful  lines  ; and  by  the  help 
of  a firing  and  a plummet,  with  the  divifions  gradu- 
ated on  the  loofe  piece,  it  may  be  made  to  ferve  for 
a quadrant. 

^TRIBOMETER,  in  Mechanics,  a term  applied  by 
Mufichenbroek  to  an  Inllrument  invented  by  him  foV 
meafuring  the  fridion  of  metals.  It  conhlls  of  an 
axis  formed  of  hard  fleel,  paffing  through  a cylindrical 
piece  of  wood  : the  ends  of  tlie  axis,  which  ar'e  highly 
politFed,  are  made  to  i-ell  on  the  polilhcd  feraiclr- 
cular  cheeks  of  various  metals,  and  the  degree  of  fric- 
•“tion  is  elllmated  by  mccans  of  a weight  fufpeiided  by  a 
fine  filken  firing  or  ribband  over  the  wooden  cylinder. 
For  a far-ther  defeription  and  the  figure  of  this  Inftru- 
ment,  with  the  r-efults  of  var-ious  experiments  perform- 
ed With  it,  fee  Muffclienb.  Introd.ad  Phil.  Nat.  voL  J, 

TRIDENT,  is  a particular  kind  of  parabola,  ufed 
by  Delcartes  In  condruding  equations  of  6 dimenfions. 
See  the  article  Cartejian  Parabola. 

TRIGLYPH,  in  Aichitedure,  is  a member  of  the 
Doric  Prize,  placed  diredly  over  each  column,  and 
at  equal  dillances  In  the  intercolumnation,  havingTwo 
entir-e  glyphs  or  channels  engraven  In  it,  meeting  in  an 
angle,  and  feparated  by  three  legs  from  the  two  demi- 
channels  of  the  fideSt 
4K 


TRIGON, 
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TRICON,  a figure  of  three  angles,  or  a triangle. 

Tricon,  In  Ailrology.  See  TRiPLicn  y. 

Tricon,  in  Aftronomy,  denotes  an  aipeft  of  two 
platiets  when  they  are  120  degrees  difcant  from  eacii 
other  ; cahed  alio  a Trine,  being  the  3d  part  of  360 
degrees. — The  Trigons  of  IN'iars  and  Satin n are 
by  aflrolog'crs  held  maiific  or  malignant  afpedfs^. 

T.SIGON,  in  Oialling,  is  an  inttrument  or  a triangu- 
lar form. 

Tricon,  in  Mnfic,  denoted  a mufical  inRrument, 
ufed  among  the  ancients.  It  was  a kind  of  tnangular 
lyre,  or  harp,  invented  by  Ibycns  ; and  y^as  nled  at 
leaks,  being  plaved  on  by  women,  wlm  flruck  it  either 
vrith  a quill,  or  beat  it  with  fmall  rods  of  different 
lengths  and  weights,  to  occafion  a diverfity  in  the 
founds. 

TRIGONAL  Numbers.  See  Triangular  AL?72- 
Irrs. 

'rRIGONOMETER  Armillary.  See  Armillary 
'Trhsonomi’ter . 

TRIGONOMETRY,  the  art  of  meafuring  the 
fides  and  angles  of  triangles,  either  plane  or  fphe- 
rical,  from  whence  It  is  accordingly  called  either 
Plane  Trigonometry,  or  Spherical  rrigonumetry. 

Every  triangle  has  6 parts,  3 fides,  and  3 angles  ; 
and  it  is  pedlary  that  three  of  ffnefe  parts  be  given,  to 
find  the  Sber  three.  In  fplierical  Trigonometry,^  the 
thi-ee  parts  that  are  giveH,  may  be  of  any  kind,  either 
all  fides,  or  all  angles,  or  part  the  one  arid  pai't  the 
other.  But  in  plane  Trigonometry,  it  is  neceffary 
that  one  of  the  three  parts  at  leak  be  a fide,  fince 
from  three  angles  can  only  be  found  the  proportions 
of  the  fides,  but  not  the  real  quantities  of  them.^ 

Trigonometry  is  an  art  of  the  greatek  life  in  the 
mathematical  fciences,  efpecially  in  akronomy,  navi- 
gation, furveying,  dialling,  geography,  &c,  &c.  By 
it,  we  come  to  know  the  magnitude  of  the  earth,  the 
planets  and  kars,  their  diltances,  motions,  eclipfes, 
and  almok  all  other  ufeful  arts  and  fciences.  Accord- 
ingly we  find  this  art  hks  been  cultivated  from 
the  earhek  ages  of  mathematical  knowledge. 

Trigonometry,  or  the  refolution  of  triangles,  is 
founded  on  the  mutual  proportions  which  fubfik  be- 
tween the  fides  and  angles  of  triangles  ; which  propor- 
tions are  known  by  finding  the  relations  between  the 
radius  of  a circle  and  certain  other  lines  drawn  in  and 
about  the  circle,  called  chords^  fines^  tangents^  aiid  /e- 
cants.  The  ancients  Menelaus,  kiipparchiis,  Pioio- 
my,  &c,  performed  their  Trigonometry,  by  means  of 
the  chords.  As  to  the  fines,  and  the  common  theo- 
rems relating  to  them,  tlicy  were  introduced  into  Tri- 
gonometry by  tlie  IMoors  or  Arabians,  from  whom 
this  art  paffed  into  Europe,  with  ieveral  other  branches 
of  fcience.  The  Europeans  have  introduced,  fince  the 
:(  5th  century,  the  tangents  and  fecants,  with  the  theo- 
rems relating  to  them!  See  the  hikory  and  improve- 
ments at  large,  in  the  Introdudfion  to  my  Mathemati- 
cal Tables. 

The  proportion  of  the  fines,  tangents,  &c,  to  their 
radius,  is  fornetlmes  expreffed  in  common  or  natural^ 
numbers,  which  conkitute  what  we  call  the  tables  of 
natural  jincs^  tangents^  and  fecants.  Sometimes  it  is 
expreffed  in  logarithms,  being  the  logarithms  of  the 


faid  natural  fines,  tangents,  &c  ; and  thefe  -conkitute 
the  table  of  artifiemt  fines,  See.  Lakly,  fometimes- 
the  proportion  is  not  expreifed  in  numbers  ; but  the 
feveral  fines,  taiigents,  &:e,  are  adfually  laid  down  upon 
lines  of  fcales  ; whence  the  line  of fnes,  of  tangents. 
See.  See  Scale. 

In  Trigonometry,  as  angles  are  meafr.rcd  by  arcs 
of  a circle  defedbed  about  the  angular  point,  io  the 
whole  circumference  of  the  circle  is  divided  into  a 
great  number  of  parts,  as  360  degrees,  and  each  de- 
gree into  60  minutes,  and  each  minute  into  60 
feconds,  &c  ; and  then  any  angle  is  laid  to  confik 
of  fo  many  degrees,  ra mutes  and  feconds,  as  are 
contained  in  the  arc  that,  meafiirea  the  angle,  or  tliat  is- 
intercepted  between  the  legs  or  fides  of  the  angle. 

Now  the  fine,  tangent,  and  fecant,  &c,  of  every 
degree  and  minute,  &c,  of  a quadrant,  are  calculated' 
to  the  radius  i,  and  ranged  in  tables  for  ufe  ; as  alfo 
the  logarithms  of  the  fame  ; forming  the  triangular 
canon.  And  thefe  numbers,  fo  arranged  in  tables^- 
form  every  fpecics  of  right-angled  triangles,,  fo  that  no 
fuch  triangle  can  be  propofed,  but  one  fimilar  to  it 
may  be  there  found,  by  comparifon  with  which,  the 
propofed  one  may  be  computed  by  analogy^  or  propor-- 
lion. 

As  to  the  fcales  of  chords,  fines,  tangents,  Sec,. 
ufnally  placed  on  inkriiments,  the  method  of  con- 
kruftinu  tliem  is  exhibited  in  the  fcheme  annexed  to 
the  article  Scale  ; which,  having  the  names  added  to- 
each,  needs  no  farther  explanation. 

There  are  ufually  three  methods  of  refolving  tri- 
angles, or  the  cafes  of  Trigonometry  j viz,  geometri- 
cal conftrudlion,  arithmetical  computation,  and  inkru- 
mental  operation.  In  the  ill  method,  the  triangle  in 
quekion  is  conkrufted  by  drawing  and  laying  down  the 
feveral  parts  of  their  magnitudes  given,  viz,  the  fides- 
from  a fcale  of  equal  parts,  and  the  angles  from  a fcale 
of  chords,  or  other  inkrument ; then  the  unknown 
parts  are  meafured  by  the  fame  fcales,  and  fo  they  be- 
come known. 

In  the  2d  method,  having  ftated  the  terms  of  the 
proportion  according  to  rule,  w'hich  terms  confik  part- 
ly of  the  numbers  of  the  given  fides,  and  partly  of  the 
fines,  &c,  of  angles  taken  from  the  tables,  the  propor- 
tion is  then  refolved  like  all  other  proportions, in  which 
a qth  term  is  to  be  found  from  three  given  terms,  by 
multiplying  the  2d  and  3d  together,  and  dividing  the 
product  by  the  firlL  ()r,  in  ivorking  with  the  loga- 
rithms, adding  the  log.  of  the  2d  and  3d  terms  together,- 
and  from  the  fum  fubtravking  the  log.  of  the  ik  term, 
then  the  number  anfwering  to  the  remainder  is  the 
4th  term  fought. 

To  work  a cafe  inkrumentally,  as  Itippofe  by  the 
log.  lines  on  one  fide  of  the  two-foot  fcales  : Extend 
the  compafi'es  from  the  ill  term  to  the  2d,  or  3d, 
which  happens  to  be  of  the  fame  kind  u'ith  it  ; then 
that  extent  will  reach  from  the  other  term  to  the  4th » 
In  this  operation,  for  the  fides  of  triangles,  is  iffed 
the  line  of  numbers  (marked  Num.)  ; and  for  the 
angles,  the  line  of  fines  01^  tangents  (marked  fin.  and 
tan.)  according  as  the  proportion  refpedls  fines  or  tan- 
gents. 

In  every  cafe  of  triangks;  as  has  been. hinted  befoie, 

there 
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mufl  be  tliree  parts,  one  at  leafl;  of  whic!.  mufl  be 
xn  iide.  And  then  the  different  ciictimflances,  as  to 

the  three  parts  that  may  be  given,  admit  of  tiiree  cafes 
t)i  vaiieties  only  ; viz, 

1 ft.  VVhen  two  of  the  three  parts  given,  are  a fide  and 
■s  oppofite  angle.— ad,  Vt  hcn  there  aie  given  two  fides 
and  their  contained  anglo.-jd.  And  thirdly,  when  the 
tnree  hdes  are  given. 

To  each  of  thcfe  cafes  there  is  a particular  rule,  or 
proportion,  aaapted,  for  reloiving  it  by. 

I ft.  The  Rule  for  the  ij!  Cafe,  or  that  in  which,  of 
the  three  parts  t.iat  are  given,  an  angle  and  its  opno. 
hte  fide  are  two  of  them,  is  this,  viz,  That  the 
-Ides  are  proport  kina!  to  the  fines  of  their  oppofite 

That  is. 

As  one  fide  given  . 

To  the  fine  of  its  oppofite  angle  : : 
bo  is  another  fide  given  ; 

To  the  line  of  its  oppofite  angle. 


[ 6(9  ] 


Then,  again, 

As  iin.  Z.C 
ToAB  . 
So  fin.  Z.A 
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Fo  BC 
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* 2*4911657 


Or, 

As  the  fine  of  an  angle  given 
To  its  oppofite  fide 

So  is  the  fine  of  another  angle  given 
To  its  oppofite  fide. 

So  that,  to  find  an  angle,  we  mufl;  begin  the  pro- 
portion with  a given  fide  that  is  oppofite  to  a given 

angle;  and  to  find  a fide,  we  mull  begin  with  an 
angle  oppofite  to  a given  fide. 

A.v.  Suppofc,  in  the  triangle  ABC,  there  be  given 

AB  = 365-  feet, 

= '54*33 

zlC  = 98^  3' 

to  find  the -other  fide, 

and  the  angles. 

I.  Gfomeirically,  hy  Conjlrudhn, 

n 1 from  a fcale  of  equal  parts  : 

witlf  C ==  98°  3',  producing  CB  indcfiintclv  ! 

i V h 3%  fret,  crofs  CI3  iu  B ; 

7htn  join  AB,^  and  the  figure  is  conllruaed. 

A "'  '^■^7“'’,'"^  'r‘^  unknown  angles  and  fide, 

te  A'/v.  4 otherwife,  and  the 

by  the  line  of  equal  parts,  they  will  be  found, 
as  near  as  they  can  be  meafured,  as  below,  viz, 

KC  = 310;  the  AA  = yyft  . 


ltd'll i-’nt ally f hy  Gunter^ s Lines. 

In  the  firll  j.roportion.  Extend  the  compaffes  from 

■n'"  °''tliehneof  numbers;  and  that  extent 

will  reach,,  upon  tlie  line  of  lines,  flora  82°  to  23.^, 
tyliich  gives  the  angle  B.  And,  In  the  fecond  proumt 
t.on.  Extend  from  98°  to  57^01!  the  fines  ; and  Ihat 
extent  will  reach,  upon  the  numbers,  from  365  to  310, 
or  the  fide  BC  nearly.  ^ ^ ' 

idCafiy  when  there  are  Given  two  Sides  and  their 
contained  angle,  to  find  the  red,  the  rule  is  this  ; 
the  fum  of  the  two  given  fides  t 
Is  to  the  difference  of  the  fides ; ; 

So  is  the  tang,  of  half  the  fumVfthetwo  oppo- 
Iite  angles,  or  cotangent  of  half  the  given  angle .; 

1 o tang,  of  half  the  diff.  of  thofe  angles, 
ihen  the  half  diff.  added  to  the  half  fum,  gives  tl>e 
greateyif  the  two  unknown  angles;  and  fubtraaed, 
leaves  the  lefs  of  the  two  angles. 

. being  now  all  krtown,  the  remain- 
ing 3d  fide  Will  be  found  by  the  former  cafe.  \ 

Lx  Snppofe,  in  the'triangle  ABC,  there  be  givei. 
the  fide  AC  = 154*33  ^ 

the  fide  BC  — 309*86 
the  included  Z.C  = 98®  3/ 

to  find  the  otlier  fide  and  the  angles. 

I.  G.-otw/Wot/Zv.— Draw  two  indefinite  lines  making 
he  angle_  C = 980  3,,  J 

t Join  the  points  A and 

aipthe  figuix  IS  made.  Then,  by  meafuremeiit, 
tla  before,  we  find  the  • ^ 

LA=^^2l;  24I ; and  fide  AB  = ,365, 

2.  Ly  Logarithms. 

As  CB  4"  C.^  464*10 

do  CB  - CA  - 

Satan.  JA  -f  =:  40^  ySL' 


To  tan.  I A 


IB  ^ 16 


13I 


log.  2 *66669 5 S 
- 2 1918142 

■ 9*93^^;8o3 

9*4^^38987 


7 d ® j 

■^4  -f' 


2.  Arithmetically,  ly  Talks  of  Logs. 

To  AC  - = IjBj"  ' 

So  fin.  -AC  = 98°  3' or  8 1037; 


fum  gives  57  12 

diff.  gives  24  45 


TI 


icn, 


To  fin.  K B=;  24°  45' 

the  fum  . 12248 

taken  from  ..  180  00 

icaves  A A 57  12 


t"  r^’  w?  “ 9*^218612 

lo  fide  AC  2=  I74-33  --  2-, 884504 

So  fin.  4L  _ 98"  3',  or  Sl“57  9-9956993 


9*62 18568 


To  fide  AB  ~ 365 


2*5622885 


ry 


/v/Zraimi/aZ^.,— Extend  the  compaffes  from  sfis 

lute  of  numbers  ; then  that  extent 
wiU pleach,  upon  the  line  of  tangents,  from  410  to 

^ non,  in  the  2d  proportion,  extend  the  com- 
pafies  from  zfi  to  82°  on  the  fines ; and  that  extent 

**  will 
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will  reach,  upon  Ac  numbers,  from  154;  to  365,  which 
is  the  third  fide. 

Qd  Cafe,  Is  when  the  three  are  gwen,  to  find 

the^hree  angles;  and  the  method  or  refoiving  this  cafe 
is,  to  let  a perpendicular  fall  irom  the  greated  angle, 

upon  the  oppofite  fide  or  bafe,  dividing  it  in 
f4ments,  and  the  whole  triangle  into  two  fmalkr  right- 


angled  triangles : then  it  will  be, 


As  the  bafe,  or  fum  of  tlie  two^  fegments  : 

Is  to  the  fum  of  the  otlier  two  tides  : : 

So  Is  the  difference  of  thofe  tides 

To  the  difference  of  the  fegments  of  the  baie. 

Then  half  this  difference  of  the  two  fegments  added 
to  the  half  fum,  or  half  the  bafe,  gives  the  greater 
fegments  , and  fiibtraaed,  gives  the  lefs.  xleiice,  in 
each  of  the  two  right-angled  triangles,  there  rmc 
given  the  hypotenufe,  and  the  ba-e,  be  Hues  Uie 
rvrht  angle,  to  find  the  other  angles  by  the  lit 

cafe. 

jE,v.  In  the  trangle  ABC,  fiippofe  there  are  given 
the  three  fides,  to  find  the  three  angles,  viz, 


to  find  the  angles. 


T.  Geometrically. — Draw  the  bafe  AB  = 36^  with 
the  radius  154I  and  centre  A deferibe  an  arc;  and 
with  the  radius  310  and  centre  B defenbe  anotlmr  arc, 
entting  the  former  in  C ; then  join  AC  and  Be.,  and 
the  tnangle  is  conftruaed.  And  by  meaiunng  the 
angles,  they  are  found,  viz. 


^A  = aB=:24^ 


Z.C  — 98°  nearly, 


And  la 

the  triangle 

BPC,  right. 

angled  at  P, 

As  BC 

' " 

309* 

86 

- log.  2*4911635 

To  fin. 

ap  = 

90^ 

- 

..  10*0000000 

So  BP 

281 

•4 

2*4493241 

To  fin. 

/.BCP  - 

65° 

15^ 

« - 99581586 

Its  comp. 

/.B  =: 

24 

45 

Alfo  to 

2.  ACP  = 

32 

48' 

add 

Z,BCP 

65 

15 

makes 

Z,ACB:2:: 

98 

3 

2.  Having  let  fall  the  perpendicular 

CP,  dividing  the  bafe  into  the  two  fegments  AP, 
PB,  and  the  given  triangle  ABC  into  the  twm  light- 
angled  triangles  ACP,  BCP.  xhen, 


3,  L}Jlriimenfally.-^\'e\  the  iff  proportion,  Eiuend 
the  corapaffes  fcom  365  to  464  011  the  line  of  ^numbers, 
and  that  extent  will  reach,  on  the  fame  line,  from 
lyyf  to  197*8  nearly.— In  the  2d  proportion,  Extend- 
the  cornpaifes  from  154J  to  83*6  on  the  line  of  num- 
bers, and  that  extent  will  reachj-  on  the  fines,  from 
00'^  to  nearhv.— In  the  3d  proportion,  Extend  the. 

compaffes  irom  3^^  to  on  the  line  of  numbeia, 

then  that  extent  will  reach,  on  the  fines,  from  90° 
to  6 ^ ^ ^ • 

The  foregoing  three  cafes  include  all  the  vaiieties  of 
plane  triangles  that  can  happen,  both  of  right  and 
oblique-angled  triangles.  But  befide  thefe,  theie  are 
forae  other  theorems  that  are  ufeful  upon  many  occa- 
lions,  or  fuited  to  forae  particular  forms  of  triangles, 
v/hich  are  often  more  expeditious  in  ufe  than  the  iore- 
goln?"  general  ones ; one  of  wdiich,  for  right-angled 
triangles,  as  the  cafe  for  wEIch  it  ferves  fo  often 
occurs,  may  be  here  Inferted,  and  Is  as  follows. 

Cafe  y.  Vffhen,  in  aright-angled  triangle,  there  are 
given  the  angles  and  one  leg,  to  find  the,  other  leg,  or 


As.  radius 
To  given  leg  AB 
So  tang,  adjacent  Z.A 
To  the  opp..leg  BC,  and 
So  fee.  of  lame  zL  A 
To  hypot.  AC 


As  AB  = 

ToCB  -pCA—  464*19 
So  CB  - CA^=  155*53 

To  BP  - PArc  197*80 
its  half  = 98*90 
^AB  = 182-50 

fnm  BP  = 281*40 

dlf.  AP  = 83*60 


log.  2'562  2929 
,2*6666958,. 
2*1918142 

- 2*2962171 


Ex.  In  the  triangle  ABC,  right-angled  at  B, 

Given  Ae  kg  AB  = 162  I 
id  Ae  ,^A  = 53  7 4^  r onU  AP. 


Then,  In  Ae  triangle  AFC,  right  angled  at  P, 

As  AC  = i54'33  - - ‘°g-  2u884;c4 

To  fin.  /.P  2=  90»  - - ■ - lO'oooocoo 

SoAP  = 83-6  - - - 1-9222063 


5 3 7 4°  (•  and 

confeq.  aC  — 3052  12  J 

1.  Geometrically the  leg  AB  = 162  ,;  Ere^' 

the  indefinite  perpendicular  BC : Make  the  angle 
A — 53°i  j AC  will  cut  BC  In  C,  and  form 

the  triangle  ABC.  Then,  by  meafuring,  there  will  be. 
found  AG  = 270,  and  B.C  = 216. 

2.  Arithmetically, 

logo  10*0000000 
- 2*2095150 

io*i24937A 


As  radius  10 

ToAB  =:  162 
So  tan.  Z.A  = 53”  7^  4^^'^ 


To  fin.  Z.ACP 
ks  comp.  E A 


32^  48/ 
570  12 


ToBC  =216 
So  fee.  A A = 53°  7^  4^^  “ 

9*7337559  ^ ^7® 


2*334452^' 


10*2218477 

2*4313627 


InJlrumsntAly’^ 
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In  any  right-angled  triangle, 


[ ^21  ] 


3,  rExtendthe  compaffes  from  43'’  at 

the  end  of  the  tangents  (the  Radius)  to  the  tangent  of 
53°-g  ; then  that  extent  will  reach,  on  the  line  of  num- 
bers, from  162  to  216,  for  BC.  Again,  extend  the 
compaffes  from  36^52^0  90  on  the  tines;  then  that 
extent  will  reach,  on  the  line  of  numbers,  from  162  to 
270  for  AC. 

NclCy  another  method,  by  making  every  fide  radius, 
is  often  added  by  the  authors 
on  Trigonometry,  which  is 
thus  : The  given  right-angled 
triangle  being  ABC,  make 
lirlf  the  hypotenufe  AC  radius, 
that  is,  with  the  extent  of  AC 
as  a radius,  and  each  of  the 
centres  A and  C,  defcribe  arcs 
CD  and  AE  ; then  it  is  evi- 
dent that  eacff  leg  will  repre- 
fent  the  fine  of  its  oppofite  angle,  viz,  the  leg  BC  the 
fine  of  the  arc  CD  or  of  the  angle  A,  and  the  leg  AB 
the  fine  of  the  arc  AE  or  of  the  angle  C.  Again, 
making  either  leg  radius,  the  other  leg  will  reprefent 
the  tangent  of  its  oppolite  angle,  and  the  hypotenufe 
the  fecant  of  the  fame  angle  ; thus,  with  radius  AB 
and  centre  A defcribing  the  arc  BF,  BC  reprefents  the 
tangent  of  that  arc,  or  of  the  angle  A,  and  the  hypo- 
tenufe  AC  the  fecant  of  the  fame  ; or  with  the  radius 
BC  and  centre  C del'cribing  the  arc  BG,  the  other 
leg  AB  is  the  tangent  of  that  arc  BG,  or  of  the 
"angle  C,  and  the  hypotenufe  CiV.  the  fecant  of  the 
fame. 

Ar.d  then  the  general  rule  for  all  thefe.  cafes  is  this, 
viz,  that  the  Tides  bear  to  each  other  the  fame  pro- 
portions as  the  parts,  or  things  which  they  repre- 
fent. And  this  is  called  making  every  fide  radius. 

Spherical  Trigonometry,  is  the  refolution  and  cal- 
culation of  the  lides  and  angles  of  fplicncal  tiiangles, 
which  are  made  by  three  interfefting  arcs  of  great 
circles  on  a fphere.  Here,  any  three  of  the.lix  parts 
being  given,  even  the  three  angles,  the  reft  can  be  found  ; 
and  the  Tides  are  meafured  or  eftimated  by  degrees,  mi- 
nutes, and  feconds,  as  well  as  the  angles. 

Spherical  Trigonometry  is  divided  into  right-angled 
and  oblique-angled,  or  the  refolution  of  right  and 
oblique-angled  fphcrical  triangles.  When  the.fphe- 
rical  triangle  has  a right  angle,  it  is  called  a right-angled 
triangle,  as  well  as  in  plane  triangles ; and  when  a tri- 
angle has  one  of  its  Tides  equal  to  a quadrant  of  a 
circle,  it  is  called  a qiiadrantal  triangle. 

For  the  refolution  of  fpherical  T.  riangles,  there  are 
various  theorems  and  proportions,  which  are  fimilar  to 
thofe  in  plane  Trigonometry,  by  fubftituting  the  fines 
of  Tides  inftead  of  the  Tides  themfelves,  when  the  pro- 
portion refpefts  fines  ; or  tangents  of  the  fidcs  for  the 
tides,  when  the  proportion  refpedls  tangents,  &c  ; 
iome  of  the  principal  of  which  theorems  are  as  iol- 

low : 

Theor,  I.  In  any  fpherical-  triangle,  the  fines  of 
the  Tides  are  proportional  to  the  fines  of  their  oppo- 
fete  angles. 


Theor  2. 

As  radius 

To  fine  of  one  lide  : i 

So  tang,  of  the  adjacent  angle 
To  tang,  of  the  oppofite  fide. 

Theor,  3.  If  a perpendicular  be  let  fall  from  any  angl 
upon  the  bafe  or  oppofitej'lde  of  a fpherical  triangle 
it  will  he. 

As  the.  fine  of  the  fum  of  the  two  Tides  : 

To  the  fine  of  their  difference  t • 

So  cotan.  fiim  angles  at  the  vertex  : 

To  tang,  of  half  their  differenc-?. 

Th,or,  4. 

As  tang,  half  fum  of  the  fides  : ■ 

To  tang,  half  their  difference  J :• 

So  Lang.  ~ fum  As  at  the  bafe  J 

To  their  difference. 

Theor.  4 . 

As  cotan.  -f  fum  of  As  at  the  bafe  : 

d\)  tang,  half  their  difference  ‘ : J " 

So  tang.  \ fum  of  As  at  the  vertex  : 

To  tang,  half  their  difference. 

Theor,  6. 

As  tang,  y fum  fegments  of  bafe  • ' 

To  tang,  half  fum  of  the  Tides  : 5 

So  tang,  half  difference  of  the  fides  : 

To  tailg.  y diff.  fegments  of  bafe. 

Theor.  7. 

As  fin.  fum  of  As  at  the  bafe  ; 

To  fine  of  their  difference  : s 

So  tang.  \ fum  fegments  of  bafe  : 

To  tang,  of  half  their  difference. . 

Theor,  8. 

As  fin.  fum  of  fegments  of  bafe 

To  fine  of  their  difference  I 2 

So  fin.  fum  of  angles  at  the  vertex  : 

To  fine  of  their  difference. 

Theor.  g.. 

As  fine  of  the  bafe  • 

To  fine  of  the  vertical  angle  - s 

So  fin.  of  diif.  fegments  of  the  bafe  i 

To  fin.  diff.  As  at  vertex,  v.dien  the  perp, 

fails  witliin  ' 2 

Or  fo  fin.  fum  fegments  of  bafe  t 

To  fin.  fum  vertical  As,  where  the  perp. 
falls  w’ithout. 


Theor,  lO. 

As  cofin.  half  fum  of  the  two  Tides 
To  cofine  of  half  their  difference 
So  cotang,  of  half  the  included  angle 
To  tang,  half  fum  of  oppolite  angles. 

^heor.  T r. 

As  fin.  of  half  fum  of  two  Tides 
To  fine  of  half  their  difference 
So  cotang,  half  the  included  angle 
To  tang.  diff,  of  the  oppof.  anglei. 


t 


Theon 


\ 


j 
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The  or,  12. 

As  cofin,  half  fum  of  two  angles  : 

fo  codne  of  hair  tlieir  difi-'erence  : : 

8o  tang,  of  half  the  included  fule  : 

To  tang,  j-  fum  of  the  oppofite  Tides, 

The  or,  13. 

As  fin.  half  him  of  two  angles  i 

To  line  of  half  their  dilfercncc  ' : ; 

80  tang,  half  the  incladed  tide 
To  tang.  -£  did.  of  the  oppofite  fidtes, 

T hear,  14.  In  a right-angled  triangle, 

As  fin.  fum  of  hypot.  and  one  fide  : 

To  fin.  of  their  diifercnce  : 

So  radius  fqiiared  t 

To  fquare  of  tang.  ^ contained  angle. 

Theor.  15.  In  any  fpherical  triangle  ; 

The  produCl  of  the  fines  of  two  fides  ancl  of  the 
-cofine  of  the  included  angle,  added  to  the  product  of 
i-the  cofines  of  thofe  fides,  is  equal  to  the  cofine  of  the 
third  fide  ; the  radius  being  t. 

Theor,  16.  In  any  fpherical  triangleg 
The  product  of  the  fines  of  two  angles  and  of  the 
cofine  of  the  included  fide,  minus  the  produdf  of  the 
cofines  of  thofe  angles,  is  equal  ao  the  .cofine  of  the 
third  angle  ; the  radius  being  i. 

By  fomc  or  other  of  thefe  theorems  may  all  the  cafes 
of  fpherical  triangles  be  refolved,  both  right-angled  and 
oblique  : viz,  the  cafes  of  right-angled  triangles  by 
the  I ft  and  2d  theorems,  and  the  oblique  triangles  by 
Tome  of  the  other  theorems. 

In  treatifes  on  Trigonometry  are  to  be  found  many 
other  theorems,  as  well  as  fynopfes  or  tables  of  all  the 
-cafes,  with  the  theorem  that  is  peculiar  or  proper 
to  each.  Bee  the  ‘Introduftion  to  my  Mathematical 
Tables,  p.  IC5  &c  ; or  Robertfon’s  Navigation,  vol,  i, 
p.  162.  See  alfo  Napier’s  Catholic  or  Univerfal  Rule, 
in  this  Didtionary. 

To  the  foregoing  Theorems  may  be  added  the  foi- 
dowing  fynopfis  of  rules  for  refolving  ail  the  cafes  of 
.plane  and  fpherical  triangles,  under  the  title  of 

Tf  'honometrical  'Rules. 


•f 

* 


In  a-rightdined  triangle,  whofe  fides  are  A,  B,  C, 
and  their  oppofite  angles  r/  having  given  any 

■three  of  thefcj  of  which  one  is  a .fide  5 to  find  the  reft. 


^ Put  s for  the  fine,  s'  the  cofine,  t the  tangent,  and 
t the  cotangent  of  an  arch  or  angle,  to  the  radius  r ; 
alfo  L for  a logarithm,  and  L'  its  arithmetical  comple" 
menu  Then  ^ 
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Ceife  I.  When  three  lides-A,  B,  C,  are  givon. 
Put  P — A'-pBTC  or  femiperimeter. 


Then  s.  \c  •zz.r 


P-^A  X P-B 
A X B~ 


.^iul  s'  \c  r=z  r \/ 


P X P - C 
A X B * 


L.s.-t  (L.  P-A  T L.  P-~B  -P  L'A  -f  L'B), 

T's.  ” r = ” (L.  P -{-  L.  P — C “p  L'A  -p  L 'B). 

Note^  When  A = B,  then 

C r \ C- 

A ^ 7-  - 

Cafe  1.  Given  two  Tides  A,  B,  and  their  included 

' angle  c. 

Put  s ==  90°- Ir,  and  t..T=  ^ x t.  s 


S ” ’ 


A q.  B 

then  a ~ s -p  T ; and  b — s d.  And 

^ 4 .1 B -P  s ^ ^ e 

C = ./T ^ A 


Id 


rr 


Or  in  logarithms,  -putting  L.  Q_=:  2L.  A - B,  and 
Ij»  R 22:  T,  2 A -p  L,  2B  -p  2lj.  s.  ~e  20,  w£ 

ftiall  have  L.  C | L.  Q^-p  R. 

if  the  angle  c be  right,  or  = 90'’ ; then 
A ^ B 


t.  a 


C 


B 


-A,  or 


— ^ ; 

A ’ 


-B,  or  = + BA 


a 


s . ei  s , h 

If  A = B ; we  ftiall  have  } ^ s. 

? C = — X 2A, 


h zm  90°  — and 


Cafe  3.  WTen  a fide  and  its  oppofite  anrde  arc 
among  the  terms  given. 

rp,  A B c ^ 

.sTT  ^ s7^  T7'  which  equations  any 

term  wanted  may  be  found. 

\Vhen  an  angle,  as  a,  is  90'’,  and  A and  C are 
given,  then 

B = ^ =z  C X A - C.' 

And  L.  B =:  1 (L.  A -p  C -f  L.  aTTc), 

Note^  \^hen  two  fides  A,  B,  and  an  angle  a oppo- 
fite to  one  of  them,  are  given  ; if  A be  lefs  than  B, 
taen  r,  C have  each  two  values  5 otherwdfe,  only  one 

V3  lllC« 

A ^ fpherical  triangle,  whofe  three  fides  are 

r irr  ^ocir  oppofite  angles  a,  h,  c ; any  three 
of  theie  iix  terms  being  given,  to  find  the  reft. 


Cafe 
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Gafe  T,  Given  the  three  fides  A,-.B,  G. 


falling  2?  the  perim.  or  P = i A -f-  B +,  C. 


Then  s.^c  = r ^ 


And 


s \c  ~ r ^ 


s.P  — A X s.P  — B 
s.A  X s .B 

s.P  X s.P  — C' 


s .A  X s.B 


T^R  I 


and  s.|  z -h  : s co  ^ : t : tN,  > 90*  ; 

then  A = M ± N ; and  B = MqiN. 

Again,  let  r : s^C  : : t.  /7  ; th?z,  like  or  unlike  nr  as  C is 

> or  9®°  ; 

and  n ~ b m \ 

• . 

then  s.;». : s.«.  : ; z a ; sV,  like  or  unlike  a as 

wz  is  or  <3 


L,s.TV=:i(L,s.P-A4-L  s.P-s4-L's.A  + L's.B) 

.•=  ^'(L.s.PAL.s.P~C  + L's.A  + L's.B). 
And  the  fame  for  the  other  angles. 

Cafe  2.  Given  the  three  angles. 

Put  ip  ~ a b c.  Then 

s.iC  = r ^/lAAg-i,  And 

s,a  X %.b 


, jr^  Sp  ~ a X ^ p 

s f IC  =.  r ^ 


s . a X s .b 

I:i.s .“C  — if  L. s 4- P'S — £•  + L 's.<7 -J-  L's.B) 

P'.s'^^C— i (L.s^  — — <^-f-P-<  s.^r-pTs^.i^J 

And  the  fame  for  the  other  tides.' 

Ae/<?.  The  fign  > fignifiss  greater  than,  and  • < lefs ; 
alfd  00  the  difference. 

Cafe  3.  Given  A,  E,  and  included  angle  c. 

To  find  an  angle  a oppofite  the  fide  A,  . 
let  r : sT  ; : t.  A : t.  M,  like  or  unlike  A, 
as  e is  > or  < 90°  ; alfo  N =•  B co  M : ■ 
then  8.  N : s.  M : : t.  c : t.  a,  like  or  unlike- 
c as  M is  > or  B. 


Or  let  s'i,  A 4-  B : s'i.  A c/d  B : ; t 'ir  ; t.  M, 
which  is>  or  90*^  as  A 4-  B is  > or  180^; 

and  s.ii  A 4-  B ; s.  A w B : : t'-^e  : t.  N,  > 90°. 
then  dt  M 4-  N ; and  b = M — N. 

Again  let  r : s'e  : : t.A  : t.M,  like  or  unlike  A as  r 
13  ^ or  <f  90°  ; and  N — B tc  M, 

Tlien  ’ s'  M ; s'  N : : s'A,  C,  like  or 'Unlike 
N as  r is  >.'or<^*90°.  Or, 


s . i C — >s/ 


s A X s.B  X s-ic- 
rr 


4-  s2i.A  a.  B. 


In  logarithms,  put  L.  Q_==  sL.s.iAcoB  ; and 
L.  R = Xj.  s.  a 4~'  P'  s,  B 4~  2!^.  s.  i^  — 20  j then 
L.£.iC-=  iL.  QJ- R. 

Caf  4.  Given  a,  and  included  fide  C. 

Firfl,  let  r : s'C  : : t.  ur  : t^w,  like  or  unlike  zz  as  C is 
or  90°  ; alfo  n — h u:im. 

Then  : sh/z  : : t.  C : t.  A,  like  or  unlike  n as  <7  is 

> or  <1  90®. 

Or,  let  s'-'Z  -\-h\  a u^b‘.  : t.IC  : t.  M,  > or  < 
90°  as  <7  4-  ^ is  > or  <J  j8o°  ; 


Cafe  5.  Given  A,  B,  and  an  oppofite  angle  a, 

ift.  s,  A ; s.  a.  ; : -s.  B : s.  <5,  > or  < 90°. 

2nd.  Let  r ; s 'B  : : t.  rz  : Lw,  dike  or  unlike  s as 

is  > or  < 90°  ; 

and  t.  A : t.  B : : s'?«  : sL,  like  or  unlike  A as  z3  is 

i>  or  > 90*^  : 

then  (T  “ m ±:  «,  two  values  alfo. 

3dly.  Let  r : : : t.  B : t,  M,  like  or  unlike  B as 

a is  i>  or  <1  90^  ; 

and  s'B  : s'A  : : s'M  ■:  s^N,  like  or  unlike  A as  zzds 

> or  < 90®  : 

then  C ~ M L N,  two  values  alfo. 

But  if  A be  equal  to  B,  01  to  its  fupplement,  or  be- 
tween B and  its  fupplement  ; then  is  h like  to  B ; alfo 

c is  = m zf  n,  and  C = M rfc'-N,  as  B is  like  or  un- 

like a. 

Cafe  6.  Given  z7,  b^  and  an  oppofite  fide  A. 

1 il.  .s 'z7.  ; s.  A : : s.3  ; s.  B,  t>  or  90°. 

2nd.  Let  r : s'b  : : t.  A : to  tM,  like  or  unlike  b 
as  A Is  |>  or  <J  90*^  ; 

and  t.  a : t.  b : : s.  M : s.  N,  > or  <<  90°  : 
then  C =:  MqpN,  as  a is  like  or  unlike  b. 

Let  r : s'A  ::  t,  b : -i'm,  like  or  unlike  ^ as 
A > or  <;  90° ; 

and  sP  : s'a  : : s.  m.  : 's.  «,  ^ or  90°  : 

then  c =2  m 2h  as  zz  is  like  or  unlike  b.  - 

But  if  A be  equal  to  B,  or  to  its  fupplement,  or  be- 
tween B and  Its  fupplement  ; then  B is  unlike  b,  and 
only  the  lefs  values  of  N,  //,  are  poffible. 

A^<?z‘z’,  When  two  fides  A,  B,  and  their  oppofite  angles 
rt,  by  are  known  ; the -third  fide  C,  and  its  oppofite 
angle  r,  are  readily  found  thus  : 


s.  4-  « c/3  ^ : s.  “.  zzL<^  : : t.  J;  A B : t.  4 C. 


HI.  In  a right-angled  fplieric  triangle,  where  H is 
the  hypotenufe,  or  fide  cppofite  the  light  angle,  B, 
P the  other  turn'  fides,  and  b,  p their  oppofite  angles  ; 
any  two  of  thefe  five  terms  being  given,  to  find  the 
refl ; the  cafes,  with  their  folutions,  are  as  in  the 
following  Table. 

2 . The 
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T’bc  fame  Table  v/ill  alfo  fevve  for  tbe  quadrantal 
triangle,  or  that  which  has  one  fide  90*^,  H being 
iIaC  angle  oppofite  that  fide,  B,  P the  other  two  angles, 


and  h,  p their  oppofite  fides  ; obfervjng,  inilead  of  H? 
to  take  its  fupplement ; and  mutually  change  the  terms 
like  and  unlike  for  each  other  where  H is  concerned* 


f 

Cafe 

Given 

Req^ 

SOLUTIONS. 

■ 1 

I 

LI 

B 

h 

P 

P 

s.  Id.  : r 
r : tTI 
s'B  : r 

: s B : s^,  and  is  like  B 

*’  /u  ^ 'P  ]■ » > ^ unlike  B 

; s'rl  ; s Jr  J 

2 

V..  

FI 

h 

1 

B 

P 

P 

r : s 'H 
r s'h 

r : s'H 

: s.^  : s.B,  like  b 

: t.H  : t.I  1 ^ 01*  ^ as  H is  like  or  unlike  b | 

J t S ^ it.  j)  ^ 

3 

_ . ... 

B 

h 

PI 

P 

P 

sT  : r 
r : t.B 
sT  : r 

: S.B  : s.PIl 

: i'b  : s.P  >,  each  > or  90®  ; both  values  true 

: s'3  : s./  3 

4 

B 

Id 

h 

P 

r : t'R  : : t'H,  or  <;  90  as  B is  like  or  unlike 

r : s'B  : : s./>  : s'b,  like  B 

r : :s.B  i l.p  : t.P,  like  p 

j 5 

B 

P 

H 

h 

P 

r : sT  : ; sT  : sTd,  ;>  or  <;  90°  as  B is  like  or  unlike  P 
r : s.P  : : tdl  : like  B ' 

r ; s.B  : : t'P  : if,  like  P 

j 

6 

I 

h 

P 

\ 

1 

1 

11 

B 

P 

r : t'3  ; : tji  : s^H,  > or  <;  90°  as  b is  like  or  unlike p 

s.y>  ; r : : i 5T  like  b 

s.b  i r : : s'/  ; sT  like/  | 

1 

The  following  Propofitions  and  Remarks,  concern- 
ing Spherical  Triangles,  .(felefted  and  communicated  by 
the  reverend  Nevd  hlaflcelyne,  D.  D.  Aftronomer 
Royal,  F.  R.  S,)  will  alfo  render  the  calculation  of 
them  perfpicuoiis,  and  free  from  ambiguity. 

“ I.  A fpherical  triangle  is  equilateral,  ifofcelar,  or 
fcalene,  according  as  it  has  its  three  angles  all  equal, 
or  two  of  them  equal,  or  all  three  unequal ; and 
vice  verfa. 

2.  The  greatefl:  fide  is  aWays  oppofite  the  greateft 
angle,  and  the  fmalleft  fide  oppofite  the  fmalleft 
angle. 

3.  Any  two  fides  taken  together,  are  greater  than 
the  third. 

4.  the  three  angles  are  all  acute,  or  all  right,  or 
all  obtu'fe  ; the  three  fides  will  be,  accordingly,  all 
lefs  than  qo°,  or  equal  to  90°,  or  greater  than  90°; 
and  vice  verja* 

5.  if  from  the  three 
angles  A,  B,  C,  of  a tri- 
angle ABC,  as  poles,  there 
be  deferihed,  upon  the  fur- 
face  of  the  fphere,  three 
arches  of  a great  circle  DF, 

DF,  FE,  forming  by  their 
interfedtions  a new  fpherical 
triangle  DEF  ; each  fide  of 
the  new  triangle  will  be  the  fupplement  of  the  angle 
qt  its  pole  ; and  each  angle  of  the  fame  triangle,  will 
be  the  fupplement  of  the  fide  oppofite  to  it  in  the  tri- 
angle ABC. 

1 


6.  In  any  triangle  ABC,  or 
AkCy  right  angled  in  A,  ift, 

The  angles  at  the  hypotenufe 
are  always  of  the  fame  kind  as 
their  oppofite  fides  ; 2dIy,The 
hypotenufe  is  lefs  or  greater 
than  a quadrant,  according  as 
the  Tides  including  the  right 
angle  are  of  the  fame  or  different  kinds  ; that  is  to  fay* 
according  as  thefe  fame  fides  are  either  both  acute  or 
both  obtufe,  or  as  one  is  acute  and  the  other  obtufe. 
And,  vice  verfa,  iff,  The  fides  including  the  right 
angle,  are  always  of  the  fame  kind  as  their  oppofite 
angles;  adly,  The  fides  including  the  right  angle  will 
be  of  the  fame  or  different  kinds,  according  as  the  hy- 
potenufe is  lefs  or  more  than  90°  ; but  one  at  leak  of 
them  will  be  of  90^,  if  the  hypotenufe  is  fo.’^ 

TRILATERAL,  three, fided,  a cerm  applied  to 
all  figures  of  three  fides,  or  triangles. 

TRILLION,  in  Arithmetic,  the  number  of  a 
million  of  billions,  or  a million  of  million  of  mil- 
lions. 

TRIMMERS,  in  Architcfltiire,  pieces  of  timber 
framed  at  right-angles  to  the  joifis,  againft  the  ways  for 
chimneys  to  fupport  the  hearths,  and  the  well-hoks 
for  ftairs. 

- TRINE  Dmerifion,  or  threefold  dlmcnfiotiy  includes 
length,  breadth,  and  thicknefs.  T'he  Trine  dimenfion 
is  peculiar  to  bodies  or  follds. 

Trine,  in  Aftrology,  is  the  afpeft  or  fituation  of 

©ne  planet  with  refpc<k  to  another,  when  they  are  dif- 
' tai>t 


c 
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tant  3 part  of  the  circle,  or  4 figns,  or  120  de- 
grees. Itds  alfo  called  trigon,  and  is  denoted  by  the 
'Charadler  A* 

trinity  is  the  next  after  Whitfunday  ; 

Jo  called,  becauie  on  that  day  was  anciently  held  a fellh 
v^l  (as it  hill  continues  to  be  in  the  Romifh  Church)  in 

— The  oblervance  of  this 
felLival  was  firh  enjoined  by  the  6th  canon  of  the  coun-, 
cil  of  Arles,  in  1260;  and  John  the  2 2d,  who  cl i hi n- 
guifhed  hiiTifelf  fo  much  by  liis  opinion  concerning  tlic 
beatilic  vifion,  it  is  faid,  fixed  the  office  for  this  fellival 

1334* 

. TivINODxY,  or  Trixodia  TV/wi?,  m fome  an- 
cient writers,  denotes  the  quantity  of  ^ perches  of 
land.  ■ ^ ^ _ 

fl  RING  MI  AL,  in  Algebra,  is  a quantity,  or  a 
root,  confifting  of  thiee  parts  or  tenns,  connetled  to- 
gether by  the  figns  -f-  or  — : as  ^ ^ — r,  or 

A-  + 4-  z. 

in  Mufic,  apart  of  a concert  in  which  tliree 
perfons  fing  ; rather  a rnufical  compofition  confiding 
of  3 parts. — Trios  are  tlie  fiiiell  kind  of  rnufical  com- 
pofition,  and  pleafe  mofl  in  concerts. 

TRIOCTILE,^  in  Aftrology,  an  afpedi  or  fituation 
of  two  planets,  with  regard  to  the  earth,  when  they 
are  3 odiants,  or  | of  a circle,  which  is  135°,  difiant 
from^  each  other. — This  afpe^,  which  fome  call  the 
/efquiquadraju,  is  one  of  the  new  afpedls  added  to  the 
old  ones  by  Kepler. 

TRIONES,  in  Aftronomy,  a fort  of  conRellation, 
or  affemblage^of  7 ftars  in  the  UiTa  Major,  popularly 
called  Charles'* s H'^aln. — From  the  Septem  Triones  the 
north  pole  takes  the  denomination  Scptentrio, 

TRIPARTJTION,  is  a divifion  by  3,  or  the 
taking  of  the  3d  part  of  any  number  or  quantity. 

TRll  EE,  threefold,  bee  Ratio  and  Subtri- 
ple. 

Triple,  in  Mufic,  is  one  of  the  fpecies  of  meafure 
or  time,  and  is  taken  from  henceAthat  the  whole,  or 
half  meafure, ^ is  divifible  into  3 equal  parts,  and  is 
beaten  accordingly. 

TRIPLICATE  Ratio^,  is  the  ratio  which  cubes,  or 
any  fimilar  folids,  bear  to  each  other;  and  is  the  cube 
of  the  fimple  ratio,  or  this  twice  multiplied  by  itfclf. 
Thus  I to  8 is  the  Triplicate  ratio  of  i to  2,  and  i to 
27  Triplicate  of  i to  3. 

' TRIPLICITY,  orTRiGOM,  with  Ailrologers,  is  a 
divifion  of  the  12  figns,  according  to  the  mimherofthe 
.^elements,  earth,  water,  air,  lire  ; each  divifion  con- 
lilling  of^3  figns,  making  the  earthly  Triplicitv,  the 
watery  1 riplicity,  the  airy  Triplieity,  and  the  fierv 
Triplicity. 

i riplicity  is  fometimes  confounded  with  trine  afpcdl  ; 
though  they  are,  rtridly  fpeaking,  very  different  things  ; 
as  Triplicity  is  only  ufed  with  regard  to  the  figns,  and 
‘trine  with  regard  to  the  planets.  The  figns  of  Tripli- 
city are  thole  which  are  of  the  fame  nature,  and  not 
thole'that  are  in -trine  afpedl  : thus  Aries,  Leo,  and 
Sagittaij  are  figns  of  Triplicity,  bccaufe  thofe  figns 
Ere,  by  thefe  writers,  allfuppofed  fiery. 

The  figns  .in  each  -of  the  four  Triplicities,  are  as 
follow  : 

•V OL.  IL 


hartJjly,  JVafery,  Airy*  Fiery. 

b Taurus.  ©Cancer,  n Gemini.  T Aries. 

Virgo.  It]  Scorpio.  =?rEibra.  ,9, Leo. 

lA Capricorn,  x l^iC’CS.  ^Aquarius,  Sagitlarr, 

I RIS-Diapa SON,  or  FrlpJe  Duipafon  Chord,  in 
Mufic,  is  what  is  otherwife  called  w triple  ehhth. 

IKISECTION,  the  dividing  a thing  into  three 
equal  parts.  The  term  is  chiefly  ufed  in  Geometry,  for 
the  divifion  of  an  angle  into  three  equal  parts.  The' 
Trifedion  of  an  anyk  geometrically,  is  one.  of  tliole 
great  problems  whofe  folution  has  been  fo  much  foiiglif 
for  by  mathematicians,  for  2000  years  pall  ; being,  in 
this  refpcdl,  on  a footing  with  the  famous  quadrature  of 
the  circle,  and  the  duplieature  of  the  cube.  ^ 

. Ancients  Trifedted  an  angle  by  means  of  the  co- 
nic ledlions,  and  the  book  of  inclinations  ; and  Pap- 
pus enumerates  feveral  ways  of  doing  it,  iu  the  4th 
book  of  his  Mathematical  Colledlions,  prop.  31,  32, 
33)  34)  JL  He  farther  obferves,  that  the  pro-' 
blem  of  I rifedling  an  angle,  is  a fohd  proolem,  or  a 
problem  of  the  3d  degree,  being  expreffed  by  the  refo- 
lution  of  a cubic  equation,  in  which  way  it  has  been 
refolved  by  Vieta,  and  others  of  the  Moderns.  See  his 
Angular  Sedioiis,  with  thofe  of  other  authors,  and  the 
Trifedlion  in  particular  by  cubic  equations,  as  in 
Guifne’s  Application  of  Algebra  to  Geometry,  in 
PHofpitaTs  Conic  Sections,  and  in  EmerfoiTs  Trigo- 
noriietry,  book  i,  fee.  4,  The  cubic  equation  by 
which  the  problem  of  Trifeclion  is  refolved,  is  as  fol- 
lows : Let  c denote  the  chord  of  a given  arc,  or  angle, 
and  AT  the  cord  of  the  3d  part  of  the  fame,  to  the  radius 
I ; then  is 

A'S  — 3.V  - Cy 

by  the  refolution  of  which  cubic  equation  is  found  the 
value  of  X,  or  the  chord  of  the  3d  part  of  the  given 
arc  or  angle,  whofe  chord  is  c ; and  the  refolution  of 
this  equation,  by  Cardan’s  rule,  gives  the  chord 


X ~ 


or  X 


= 


= </ 


^ c i 


— ^ T 


\/,.2 


-X-l/ 


— ^4-  Vc'^  — 


4 


4 


TRISPAST,  or  Trispaston,  in  Mechanics,  a 
machine  with  3 pulleys,  or  an  affemblage  of  3 pulley's, 
for  raifing  great  weights  ; being  a lower  fpecies  of  the 
polyfpahon. 

TRITE,  In  Mufic,  the  3d  rnufical  chord  in  the  fyf- 
tein  of  the  Ancients. 

TRITONE,  in  Mufic,  a falfe  concord,  confiding 
of  three  tones,  or  a gneater  third,  and  a greater  tonc^ 
Its  ratio  or  proportion  in.numbers,  is  that  of 45  to  32. 

'PROCHILE,  in  Architedlure,  is  that  holWring, 
or  caviiyq  which  runs  round  a column  next  to  the 
tore. 

TROCHLEA,  in  Mechanics,  one  of  the  meclianic 
powers,  more  ulually  called  the  pulley. 

* *•<  TRO. 
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TROCHOID,  In  the  Higher  Geometry,  a ciin'e 
.'^.dVnbed  by  a point  iu  any  part  of  the  radius  ot  a 
u heel,  during  its  rotatory  and  progredive  motions,  i his 
is  the  fame  curve  as  what  is  more  ufuady  called  the  Cy- 
r/w/,  wliere  the  conftruftion  and  properties  ct  it  are 

ihewn, 

TRONE  was  the  fame  with  what  we  now 

call  Troy  IV eight.  ^ o .•  1 

Trone  In  Scotland,  contains  20  bcotc  1 

ounces.  Or  bccaufe  it  is  ufual  to  allow  one  to  the  icore, 
tae  Trone-pound  Is  commonly  21  ounces. 

TRONE-iSba/je,  in  Scotland,  according  to  Sir  John 
Skene,  contains  ic^Tpounds. 

TROPHY,  in  ArchiteRure,  an  ornament  which  re- 
prefents  the  trunk  of  a tree,  charged  or  encompaffed  all 
around  with  arms  or  military  weapons,  both  onennve 

and  defenfive.  ^ 

TROPICAL,  fomething  relating  to  the  Tropics. 
AiSj  T &Q?iCAL~IVln(Is.  See  Wind,  and  Xrade- 

H • 

Tropical  Tear^  the  fpace  of  time  during  which 
yhe  fun  pafles  round  from  a tropic,  till  his  return  to  it 

again.  See  Year. 

TROPICS,  in  Aftronomy,  two  fixed  circles  of  the 
fphere,  drawn  parallel  to  the  equator,  through  the  fol- 
ftitlal  points,  or  at  fuch  diltance  from  the  equator,  as  16 
equal  to  the  fun’s  greateft  recefs  or  declination,  or  to  the 
obliquity  of  the  ecliptic. 

Of  the  two  Tioplcs,  that  on  the  north  fide  of  th^ 
eouator,  paffes  through  the  firft  point  of  Cancer,  and 
is\herefo're  called  the  Tropic  of  Cancer.  And  the  other 
on  the  fouth  fide,  pafTing  dirough  the  fint  point  of  Ca- 
pricorn, is  called  the  Tropic  of  Capricorn, 

To  determine  the  diftance  between  the  two  Tropics, 
and  thence  the  fun’s  greateft  declination,  or  the  obli- 
Guity  of  the  ecliptic  ; obferve  the  fun’s  rneridian  alti- 
tude, both  in  the  fummer  and  winter  folftice,  and  fub- 
traCt  the  latter  from  the  former,  fo  fliall  the  remaindei 
be  the  diftance  between  the  two  Tropics  ; and  the  half 
#f  this  will  be  the  quantity  of  the  greateft  declination, 
or  the  obliquity  of  the  ecliptic  ; the  medium  of  which 
is  now  23°  28' nearly. 

Tropics,  in  Geography,  are  two  lefier  circles  of  the 
irtbbe.  drawn  parallel  to  the  equator  through  the  be- 
ginnings of  Cancer  and  Capricorn,  being  in  the  planes 
Sf  the  celeftial  Tropics,  and  confequently  at  23^  28  dii- 
* tance  either  way  from  the  equator. 

‘ T'R.O'T-JVeight,  anciently  called  Trone  weighty  is  fup- 
rofed  to  be  taken  from  a weight  of  the  fame  name  in 
France,  and  that  from  the  name  of  the  town  of  Troyes 

there. 

The  original  of  all  weights  iifed  m England,  was  a 
corn  or  grain  of  wheat  gathered  out  of  the  middle  of 
the  ear,  and,  when  well  dried,  32  of  them  were  to  make 
one  pennyweight,  20  pennyweights  i ounce,  and  12 
ounces  i pound  Troy.  Vide  Statutes  of  5 t Hen,  III  5 
31  Ed.  I.  and  i2Hen.  VIl.  • ^ 

But  afterward  it  was  thought  fufficient  to  divide  the 
faid  pennyweight  into  24  equal  parts,,  called,  grains, 
being  the  leaft  weight  now  in  common  ufe  ; fo  that  the 
divifion§  of  Troy  weight  now  are  thefe  ; 


24  grains  = i pennyweight  cinvi* 

20  pennyweights  = i ounce  0%, 

12  ounces  = t pound  Ih» 

By  Troy-weight  are  weighed  jewels,' gold,  filver^ 
and  all  liquors. 

TRUCKS,  among  Gunners,  are  the  fmall  wooden 
wheels  fixed  on  the  axletrees  of  gun  carriages,  efpecially 
thofe  for  ftiip  fervice,  to  move  them  about  by. 

TRUE  Conjunaioih  in  Aftronomy.  See  Con- 
junction. , • - r 1, 

True  Place  of  a Planet  or  Star,  is  a.  point  m the  hea- 
vens fhewn  by  a right  line  drawn  from  the  centre  of 
the  earth,  through  the  centre  of  the  ftar  or  pla- 
net. 

TRUMPET,  lAfening  or  Hearing,  is  an  inftrument 
invented  by  Jofeph  Landini,  to  affift  the  hearing  of- 
perfonsduU  of  that  faculty,  or  to  affift  us  to,  hear  per- 
fons  who  (peak  at  a great  diftance. 

Inftruments  of  this  kind  are  formed  of  tubes,  witli 
a wide  mouth,  and  terminating  in  a fmall  canal,  which 
is  applied  to  the  ear.  The  form  of  thefe  inftrum^ents 
evidently  (hews  how  they  conduce  to  affift  the  hearing 
for  the  greater  quantity  of  the  weak  and  languid  pulles'. 
of  the  air  being  received  and  colledfed  by  the  laige  end 
of  the  tube,  are  refleaed  to  the  fmall  end,,  where  they 
are  colleacd  and  condenled  ; thence  entering  the  eai  iiD 
this  condenfed  ftate,  they  ftrlke  the  tympanum  with  a- 
greater  force  than  they  could  naturally  have  done  froni  i, 
the  ear  alone. 

Hence  it  appears,  that  a fpeaking.  Trumpet  may  be- 
applied  to  the  purpofe  of  a hearing  Trumpet,  by  turn- 
ing the  wide  end  towards  the  found,  and  the  narrow 
end  to  the  ear. 

Speaking  Trumpet,  is  a tube  of  a confiderable  length, 
from  6 to  ly  feet,  ufed  for  fpeaking  with  to  make  tho 
voice  be  heard  to  a greater  diftance. 

This  tube,  which  is  made  of  tin,  is  ftraight  through- 
out its  length,  but  opening  to  a large  aperture  outwards,, 
and  the  other  end  terminating  in  a proper  fhape  and 
fize  to  receive  both  the  lips  in  the  a6t  of  fpeaking,  the 
fpeaker  puftiing  his  voice  or  the  found  outwards,  by 
which  means  it  may  be  heard  at  the  diftance  of  a mile 
or  more. 

The  invention  of  this  Trumpet  is  held  to  be  modern, 
and  has  been  aferibed  to  Sir  Samuel  Moreland,  who 
called  it  the  tuha  jlentorophonica,  and  in  a work  of  the 
fame  i^me,  publiftied  at  London  in  ibyi,  that  author 
gave  an  account  of  it,  and  of  feveral  experiments  made 
with  it.  With  one  of  thefe  inftruments,  of  feet  long, 
21  inches  diameter  at  the  greater  end,  and  2 inches  at 
the  fmaller,  tried  at  Deal-Caftle,  the  fpeaker  was  heard 
to  the  diftance  of  3 miles,  the  wind  blowing  from  the 

fhore.  . 

But  It  feems  that  Kircherhas  abetter  title  to  the  in- 
vention ; for  it  is  certain  that  he  had  fuch  an  inftrument 
before  ever  Moreland  thought  of  his.  That  author,  in 
his  Phonurgia  Nova,  publiftied  in  1673,  layp,.  that  the 
tromba,  publiftied  jail  year  in  England,  he  invented  24 
years  before,  and  publiftied  in  his  Mefurgia.  ^ He  adds, 
that  Jac.  Albanus  Ghibbilius  and  Fr.  Efehinardus  ah 
crlbe  it  to  him  ; and  that  G.  Schottus  teftifies  of  him, 
that  he  had  fuch  an  inftrumejit  in  his  diiimber  in  the 
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Homan  college,  witli  which  he  could  call  to,  and  receive 
-t;nfwers  from  the  porter. 

Bat,  coniidering  how  famous  the  tube  or  horn  of 
Alexander  the  Great  was,  it  is  rather  ftrangc  that  tlie 
'Moderns  iliould  pretend  to  the  invention.  With  liis 
llentorophonic  horn  or  tube  he  ufed  to  fpeah  to  hi;^  ar- 
my, and  make  himfelf  be  diflinffly  heard,  it  is  faid, 
1 00  ftadia  or  furlongs.  A figure  of  this  tube  is  prefervcd 
in  the  Vatican  ; and  it  is  nearly  the  lame  as  that  now 
in  ule.  See  Stentorop honic. 

The  principle  of  this  inftrument  is  obvious;  for  as 
found  is  fironger  in  proportion  to  the  denfity  of  the 
air,  it  follows  that  the  voice  in  palling  through  a tube, 
-or  Trumpet,  muil  be  greatly  augmented  by  the  conftant 
refieClion  and  agitation  of  the  air  through  the  length 
of  the  tube,  by  which  it  is  condenled,  and  its  adlion 
on  the  external  airorreatly  iiicreafed  at  its  exit  from  the 
tube. 

* It  has  been  found,  that  a man  fpeaking  through  a 
'tube  of  4 feet  long,  may  be  undertlood  at  the  dillance 
of  500  geometrical  paces;  with  a tube  i6f  feet,  at 
the  di fiance  of  1800  paces;  and  with  a tube  24  feet 
long,  at  more  than  2500  paces. 

Although  fome  advantage  in  heightening  the  found, 
h>oth  in  fpeaking  and  hearing,  be  derived  from  the 
fhape  of  the  tube,  and  the  width  of  the  outer  end,  yet 
the  effe6l  depends  chiefly  upon  its  length.  As  to  the 
form  of  it,  fome  have  afferted  that  the  beft  fi-gure  is 
that  which  is  formed  by  the  revolution  of  a parabola 
about  its  axis;  the  mouth-piece  being  placed  in  the 
focus  of  the  parabola,  and  confequently  the  fonorous 
rays  reflefted  parallel  to  the  axis  of  the  tube.  But 
Mr.  Martin  obferves,  that  this  parallel  reflexion  is  by 
iio  means  effential  to  increafing  the  found  : on  the  con- 
trary, it  prevents  the  infinite  number  of  reflcdfions  and 
reciprocations  of  found,  in  which,  according  to  New- 
ton, its  augmentation  chiefly  confifls  ; the  augmenta- 
^tion  of  the  impetus  of  the  pulfes  of  air  being  propor- 
tional to  the  number  of  repercufllons  from  the  lides  of 
the  tube,  and  therefore  to  its  length,  and  to  fuch  a fi- 
gure as  is  mofi  productive  of  them.  Hence  he  infers, 
that  the  parabolic  Trumpet  is  the  mofi  unfit  of  any 
for  this  piirpofe  ; and  he  endeavours  to  fliew,  that  the 
logarithmic  or  logifiic  curve  gives  the  befi  form,  viz,  by 
a revolution  about  its  axis.  Martin’s  Pliilof., Brit.  vol.  2, 
pa.  248,  3d  edit. 

But  Caffegrain  is  of  opinion  that  an  hyperbola,  hav- 
ing the  axis  of  the  tube  for  an  afymptote,  is  the  befi  fi- 
,gure  for  this  inftrumen.t.  Muffehenb.  Intr.  ad  Phil, 
Nat.  tom.  2,  pa.  926,  4to. 

For  other  conftruClions  of  Speaking  Trumpets,  by 
Mr.  Conyers,  fee  Phllof.  Tranf,  numb.  141,  for 
1678. 

TRUNCATED  Pyramid qv  Cone,  is  the  frufium  of 
-ejne,  being  the  part  remaining  at  the  bottom,  after  the 
top  is  cut  oft  by  a plane  parallel  to  the  bafe.  See  I'  R u s- 
T u M . 

TRUNNIONS,  of  a piece  of  ordnance,  are  thofe 
knobs  or  fliort  cylinders  of  metal  on  the  fides,  by  which 
it  reits  on  the  cfieeJks  of  the  carriage. 


Trunxion-T?///^,  is  the  ring  about  a cannon,  next 
before  the  Trunnions. 

TSCHIRNHAUSEN  (Ernfroy  Walter),  an 
inrenlous  mathematician,  lord  of  Kdlingi'wald  and  of 
Stolzenbcrg  in  Lulatia,  where  he  was  born  in  1671. 
After  having  ferved  as  a volunteer  in  the  army  of  Hol- 
land in  1672,  he  travelled  into  mofi  parts  of  Europe, 
as  England,  Germany,  Italy,  France,  &c.  He  went  to 
Paris  for  the  thiid  time  in  1682  ; where  he  communi- 
cated to  the  Academy  of  Sciences,  the  difeovery  of  the 
curves  called,  from  him, Tfehirnhaufen’s  Caufiics  ; and 
the  Academy  in  coniequence  elefted  the  inventor  one  of 
its  foreign  members.  On  returning  to  Italy,  he  was 
defirou^  of  perfecting  the  fcience  of  optics ; for  which 
purpofe  he  efiablifired  two  glafs-works,  from  whence 
refulted  many  new  improvements  in  dioptrics  and  phy* 
fica,  particulailv  tliC  noted  burning-glafs  which  he  pre- 
fented  to  the  regent. — It  was  to  him  too  that  Saxony 
owed  its  porcelane  manufacfiory. 

Content  with  the  enjoyment  of  literary  fame,  Tfchirn- 
aufen  refufed  all  otlier  honours  that  were  offered 
him.  Learning  was  his  foie  delight.  He  fearched  out 
men  of  talents,  and  gave  them  encouragement.  FIc 
was  often  at  the  expence  of  printing  the  ufefiil  works 
of  other  men,  for  the  benefit  of  the  public  ; and  died, 
beloved  and  regretted,  the  ilth  of  September  i 708. 

Tfcliirnaufeii  wrote,  De  Medicina  Mentis  ^ Corpo^ 
ris,  printed  at  Amfterdam  in  16S7.  And  the  follow- 
ing memoirs  were  printed  in  the  volumes  of  the  Aca- 
demy of  Sciences. 

1.  Obfervations  on  Burning  GlaflTes  of  3 or  4 feet 
diameter:  vol.  1699. 

2.  Obfervations  on  the  Glafs  of  a Telefcope,  con- 
vex on  both  fides,  of  32  feet  focal  diftance;  17CO. 

3.  On  the  Radii  of  Curvature,  with  the  finding  the 
Tangents,  Quadratures,  and  ReTificatlons  of  many 
curves;  1701, 

4.  On  the  Tangents  of  Mechanical  Curves  ; 1 702, 

5.  On  a method  of  Quadratures  ; 1702. 

TUBE,  a pipe,  conduit,  or  canal;  being  a hollow 
cylinder,  either  of  metal,  wood,  glafs,  or  other  mat- 
ter, for  the  conveyance  of  air,  or  water,  &c. 

The  term  is  chiefly  applied  to  thofe  ufed  in  phyfics, 
aflronomy,  anatomy,  &c.  On  other  ordinary  occa- 
fions,  we  more  ufually  fay  pipe. 

In  the  memoirs  of  the  French  Academy  of  Science-^^ 
Varlgnon  has  given  a ireatife  on  the  proportions  for  the 
diameters  of  tubes,  to  give  any  particular  quantities  of 
water.  I'he  refult  of  his  paper  gives  thefe  twoanalo* 
gies,  viz,  that  the  diminutions  of  the  velocity  of  water, 
occafioned  by  its  fn’dtion  againfi  the  fides  of  Tubes, 
are  as  the  diameters  ; the  fi'ubes  being  fuppofed  equally 
long  : and  the  quantities  of  water  iflhing  out  at  the 
d^ubes,  are  as  the  fqiiare  roots  of  their  diameters,  de- 
ducing out  of  them  the  quantity  that  each  is  diini- 
m filed.  ^ 

Tube,  in  Aflronomy,  is  fometimes  ufed  for  telc-r 
fcope  ; but  more  properly  for  that  part  of  it  into 
vshten  the  Icnfes  are  fitted,  and  by  which  they  arc  di- 
recied  and  ufed., 

4 i.  2, 


TUESDAY, 


T U R 


T W I 


[ 628  ] 


TUESDAY,  the  3d  day  of  the  week,  fo  called 
from  Taefco,  one  of  the  Saxon  Gods,  fimdar  to  Mars  ; 
for  which  reafon  the  aftronornical  mark  for  this  day  of 
the  week,  is  ^ , 

TUMBREL,  is  a kind  of  carriage  with  two  wheels, 
ufed  either  in  Iduflrandry  for  dung,  or  in  xkrtillery  to 
carry  the  tools  of  the  pioneers,  &c,  and  fometimes 
likcwlfe  the  money  of  an  army. 

TL^N,  is  a meafure  for  liquids,  as  wine,  oil,  See, 

The  Englifli  T-im  contains  2 pipes,  or  4 hogiheads, 
or  ijZ  gallons. 

TUNE,  or  Tone,  in  Mafic,  is  that  property  of 
foundsby  which  they  come  under  the  relation  of  acute 
and  p;rave.. 

If  two  or  more  founds  be  compared  together  in  this 
relation,  they  are  either  equal  or  unequal  in  the  degree 
of  Tune  : fuch  as  are  equal,  are  called  unifons.  The 
unequal  conilitute  what  are  called  intervals^  which  are 
the  differences  of  Tone  between  founds, 

iSonorous  bodies  are  found  to  differ  in  Tone  : iff, 
According  to  the  different  kinds  of  matter  ; thus  the 
found  of  a piece  of  gold,  is  much  graver  than  that  of  a 
piece  of  filver  of  the  fame  fhape  and  dimenfions.  2d, 
According  to  the  different  quantities  of  the  fame  matter 
in  bodies  of  the  fame  figure  ; as  a folld  fphere  of  brafs 
of  I foot  diameter,  founds  acuter  than  a fphere  of  brafs 
of  2 feel  diameter. 

But  the  meafures  of  Tone  are  only  to  be  fought  in 
the  relations  of  the  motionsthat  are  the  caufe  of  found, 
which  are  moft  difcernible  in  the  vibration  of  chords. 
Now,  in  general,  we  find  that  in  two  cliords,  all  things 
J'leing  equal,  excepting  the  tenfion,  the  thicknefs,  or 
the  length,  the  Tones  are  different  ; which  difference 
can  only  be  in  tlip  velocity  of  their  vibratory  motions, 
by  which  they  perform  a different  number  or  vibrations 
in  the  fame  time  ; as  it  is  known  that  all  the  fmall  vibra- 
tions  of  the  fame  chord  are  performed  in  equal  times. 
Now  the  frequenter  or  guickerthofe  vibrations  are,  the 
more  acute  is  the  Tone  ; and  the  ffower  and  fewer  they 
are  in  the  fame  fpace  of  time,  by  fo  much  the  more 
grave  is  the  Tone.  So  that  any  given  note  of  a Tune 
is  made  by  one  certain  meafure  of  velocity  of  vibra- 
tions, that  is,  fuch  a certain  number  of  vibrations  of  a 
chord  or  ftring,  in  fuch  a certain  fpace  of  time,  confti- 
tutes  a determinate  Tone. 

This  theory  is  ftrongly  fupported  by  the  beft  and 
lateft  writers  on  mufic,  Holder,  Malcolm,  Smith,  &c, 
both  from  reafon  and  experience.  Dr.  Wallis,  wdio 
owns  it  very  reafonable,  adds,  that  it  is  evident  the 
degrees  of  acutenefs  are  reciprocally  as  the  lengths  of 
the  chords  ; though,  he  fays,  he  will  not  pofitively  af- 
firm that  the  degrees  of  acutenefs  anfwer  the  number  of 
vibrations,  as  their  only  true  caufe  : but  his  diffidence 
arifes  from  hence,  that  he  doubts  whether  the  thing  has 
been  fnfficientlv  confirmed  by  experiment. 
TUNNAGE.  See  Tonnage. 

TURN,  is  ufed  for  a circular  motion  ; in  which 
fenfe  it  agrees  with  revolution. 

Tup.n,  in  Clock  or  Watch-work,  particularly  de- 
motes the  revolution  of  a wheel  or  pinion. 

In  calcuiatiorij  the  number  of  Turns  which  the  pi- 


nion hath,  Is  denoted  in  common  arithmetic  thug,. 
5 ) 60  (12,  where  the  pinion  15,  playing  in  a wheel 
©f  60,  moves  round  12  times  in  one  Turns  of  the 
wheel.  Now  by  knowing  the  number  of  dhirns  w hich 
any  pinion  hath,  in  one  'Furnof  the  wheel  it  works^iiiy. 
you  may  eafily  find  liow  many  1 urns  a wheel  or  pinion-: 
has  at  a greater  dlllance  ; as 
the  contrat- wheel,  crown-  5)  .55  ( 

wheel,  &c,  by  multiplying 

together  the  quotients,  and  the  5 ) 45  (9 

number  produced  is  the  num- 
ber of  Turns,  as  in  the  exam-  5 ) 4*^  ( ^ 

pie  here  annexed  : the  firfl  of 

thefe  three  numbers  has  1 1 Turns,  the  next  9,  and  thea 
lalt  8 ; if  you  multiply  11  by  9,  it  produces  99  ; that 
is,  in  one  Turn  of  the  wheel  55,  there  are  99 Turns  of 
the  fecond  pinion  5,  or  the  wheel  40,  which  imns  con- 
centrical  or  on  the  lame  arbor  with  the  fecond  pinion  5 : 
and  If  you  again  multiply  99  by  the  laft;  quotient  8, 
it  produces  792,  which  is  the  number  of  Turns  the 
third  pinion  5 hath.  ,See  (ZhOQK-^vork^  and  Pi- 
nion. 

TURNING  to  <iuindward,  in  Sea  Language,  de-- 
notes  that  operation  in  failing  when  a ffiip  endeavour, <3 
to  make  a progrefs  againft  the  dire6tion  of  the  windy, 
by  a compound  courfe,  inclined  to  the  place  of  her 
deffiriatioiK— -This  method  of  navigation  Is  otherwife 
called  plying  to  windward. 

TUSCAN  Order ^ in  Architecture,  is  the  firfl:,  the 
fimpleft,  and  the  llrongefl;  or  moll  maffive  of  any.  Its 
column  has  7 diameters  in  height ; and  its  capital,,, 
bafe,  and  entablement,  have  no  ornaments,  and  but  few 
mouldings. 

TWELFTH- the  feffival  of  the  Epiphany,  or 
the  manifeffation  of  Chrill  to  the  Gentiles,  fo  called,.- 
as  being  the  T welfth  day,  exclufive,  from  the  nativity 
or  Chriffmas-day ; of  courfe  it  falls  always  on  the  6th 
day  of  January. 

TWILIGHT,  in  Ailronomy,  is  that  faint  light 
which  is  perceived  before  the  fun-riffng,  and  after  fuii- 
fetting.  The  Twilight  is  occafioned  by  the  earth’s  at- 
mofph^ere  refradllng  the  rays  of  the  fun,  and  reflecting 
them  among  its  particles. 

The  deprefiion  of  the  fun  below  the  horizon,  at  the 
beginning  of  the  morning,  and  end  of  the  evening 
Twilight,  has  been  varioufly  ftated,  at  different  fea. 
fons,  and  by  different  obfervers : by  Alhazen  it  was 
obferved  to  be  19°;  by  Tycho  17®;  by  Rothman 
24°;  by  Steviniis  18°  ; by  Calfini  15°  ; by  Riccloli, 
at  the  time  of  the  equinox  in  the  morning  16°,  in  the 
evening  20°Tj  in  the  fummer  foUlice  in  the  morning 
21°  25',  and  in  the  winter  17°  i 5V  Whence  it  appears 
that  the  caufe  of  the  Twilight  is  variable  ; but,  on  a 
medium,  about  18°  of  the  fun’s  depreffion  will  fer\)e  to- 
lerably well  for  our  latitude,  for  the  beginning  and 
end  of  Twilight,  and  according  to  which  Ur.  Long, 
(in  his  Ailronomy,  vol.  i,  pa.  258)  gives  the  follow- 
ing Table,  of  the  duration  of  Twilight,  in  different 
latitudes,  and  for  feveral  different  declinations  of  the 
fun. 
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Where  c d fignify  that  it  is-then  continual  day,  c n con- 
tinual night,  and  ^ «.that  the  Twilight  laiis  the  whole 
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Proh.—’To  jind  the  Begin7ung  or  Knd  cf  P-juiVight* 

In  this  problem,  there  are  given 
the  Jides  of  an  oblique  fpherical  trian- 
gle, to  find  an  angle  ; viz,  given  the 
tide  ZP  the  colatitude  of  the  place  ; 

PO  the  codeclination,  or  polar  dif- 
tance  ; and  Z O the  zenith  diftance, 
which  is  always  equal  to  iO'3°,  viz,. 

90°  from  the  zenith  to  the  horizon,, 
and  18°  more  for. the  fun’s  dillance 
below  the  horizon.  For  example,  fup- 
pofe  the  place  London  in  latitude  51° 

32',  and  the  time  the  ill  of  May, 
when  the  fun’s  declination  is  15°  12' 


north.  Here  then 

ZP 

= 38° 

28' 

the  complement  of 

51“  3 

23  and 

PO 

= 74 

° 48',  the 

complement 

of  15° 

1 2'. 

Then 

the 

calcula 

ktion  is  as 

follows. 

PO 

- 74^^ 

48' 

PZ 

= 3B 

28 

PO-PZ 

= 36 

20 

= D 

zo 

— 108 

00 

Z 0 4“  T) 

= 144- 

20 

72°  K 

-pzo 

+ D 

Z ©-D 

= 71 

40 

35  5 

0 = 

Zo 

- I) 

Then, 

Co-ar.  fin 

, polar 

dill. 

= 74° 

48' 

- 0 

•01547 

Co-ar.  fin. 

colat. 

M m 

=-38 

28 

- 0 

•20617 

Sine  i ZG  + L - = 72.  10 
Sine  ^ ZG  - D - = 35  50 


Sum  of  thefe  four  logs# 
Half  fum  gives 


74<>  28-t' 


9*9786 1 
9-76747 

19-96772 

9-98386 


Which  doubled  gives  148  57  for  the  angle  ZPO, 


This  148®  37'  reduced  to  time,  at  the  rate  of  15° 
per  hour,  gives  9^  53'’'  48%  either  before  or  after  noon  ; 
that  is,  the  twilight  begins  at  2''  4"'  J2^-  in  the  morning, 
and  ends  at  9^  55"'  48^^  in  the  evening  on  the  given 
day  at  London. 

TWINKLING  of  the  Stars^  denotes  that  tremulous 
motion  which  is  obferved  in  the  light  proceeding  from 
the  fixed  liars. 

This  Twinkling  in  the  fiars  has  been  varionfiy  ac- 
counted for.  Alhazen,  a Moorilh  philofophcr  of  the 
I2th  century,  confiders  refradtion  as  the  caufe  of  this  ^ 
phenomenom 

Vitello,  in  his  Optics,  (compofed  before  the  year 
1270)  pa.  449,  afciibes  the  Twinkling  of  the  fiars  to 
the  motion  of  the  air,  in  which  the  light  is  refradfed  ; 
and  he  obferves,  in  confirmation  of  this  hypothefis, 
that  they  Twinkle  ftill  more  when  they  are  viewed  in  ■ 
water  put  into  motion, 

Dr.-Hook-  (Microgr.  pa, -231,  3cc)  afih'ihes  this' 
phenomenon  to  the  inconfiant  and  unequal  refradlion  of- 
the  rays  of  light,  occafioned  by  the  trembling  motion  •> 
of  the  air  and  interfperfed  vapours,  in  confequcnce  • 
of  variable  degrees  of  heat  and  cold  in  the  air,  produ- 
cing correfppnding  variations  in  its  denfity,  and  alfo  of 
theadii'on  of  the  wind,  which  mult  caufe  the  fuccelfive 
rays  to  fall  upon  the  eye  in  different  directions,  and  ^ 
confequently  upon  different  parts  of  the  retina  at  differ- 
ent times,  and  alfo  to  hit  and  mifs  the  pupil  alternately  ; 
and  this  alfo  is 'the  reafon,  he  fays,  why  the  limbs 
of  the  fun,  moon,  and  planets  appear  to  wave  or 
dance. 

Thefe  tremors  of  the  air  are  manifelt  to  the  eye  by  > 
the  tremulous  motion  of  flindovvs  call  from  higti  tow- 
ers ; and  by  looking  at  objedts  through  the  imokc  of 
a chimney,  or  through  Iteams  of  hot  water,  or  at  ob- 
jedts fitiiated  beyond  hot  lands,  efpeclally  if  the  air  be 
moved  tranfverlely  over  them.  But  -when  liars  are 
feen  through  telefcopes  that  have  large  apertures  ; they 
Twinkle  but  little,  and  fometlmes  not  at  all.  For,  as  ■ 
Newten  bas  obferved,  (Opt.  pa.  98)  the  rays  of  light  ' 
which  pafs  through  different  parts  of  the  aperture,  . 
tremble  each  of  them  apart,  and  by  means  of  their  va- 
rious, and  contrary  tremors,  fall  at  one  aad  the  fame 
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time  upon  different  points  in  tlie  bottom  of  tlie  eye, 
and  their  trembling'  motions  are  too  quick  and  confuted 
to  be  feparatcly  perceived.  And  all  thefe  illuminated 
points  conllitutc  one  broad  lucui  point,  compofed  of 
thofe  many  trembling  points  confufedly  and  inrendbly 
inixed  witli  one  another  by  very  (liortand  twitl  tiemoss, 
and  fo  caufe  the  ftar  to  appear  broader  than  it  is,  and 

without  any  trembling  of  the  whole. 

Dr.  Juriii,  in  his  Effay  upon  DilUnff  and  ludiftiud 
Vifion,  has  recouvfe  to  Newton’s  liypothefis  of  fits  of 
•eafy  rcfradlion  and  refledfion  for  explaining  the  Twink- 
ling of  the  liars:  thuSj  lie  fays,  if  the  middle  part 
of  the  image  of  a fl.ar  be  changed  from  liglit  to  dark, 
and  the  adjacent  ring  at  the  fame  time  be  changed 
from  dark  to  light,  as  muil  happen  from  the  lead  mo- 
tion of  tlie  eye  towards  or  from  the  (lar,  this  will  occa- 
fion  fuch  an  appearance  as  Twinkling. 

Mr,  iMichell  (Fhilof.  Tranf.  vol.  57,  pa.  262)  flip- 
pofes  that  tlie  arrival  of  fewer  or  more  rays  at  one 
time,  efpecialiy  from  the  fmaller  or  more  remote  fixed 
flars,  may  make  fuch  an  unequal  iinpreffion  on  the  eye, 
as  may  at  leall  have  fome  fliare  in  producing  this  effedl : 

' fince  it  may  be  fuppofed  that  even  a fingle  particle  of 
.light  is  rulncicnt  to  make  a fenfible  iinpreffion  on  the 
- organs  of  hglit  ; fo  tliat  very  few  particles  andving  at 
the  eye  in 'a  fecond  of  time,  perhaps  not  more  than 
three  or  Four,  may  be  fufficient  to  make  an  objed  con- 
. flantly  vifible.  See  Light. 

Hence,  he  fays,  it  is  not  improbable  that  the  number 
of  the  particles  of  light  which  enter  the  eye  in  a fecond 
of  time,  even  from  Syrius  himfelf,  may  not  exceed  3 or 
, 4 thonfand,  and  from  liars  of  the  2d  magnitude  they 
may  probably  not  exceed  1 00.  Now  the  appaient  in- 
creafe  and  diminution  of  the  light,  which  we  obferve  in 
the  Twinkling  of  the  liars,  feem  to  be  repeated  at  in- 
tervals not  very  unequal,  perhaps  about  4 or  5 times  in 
a fecond.  He  therefore  thought  it  realonable  to  fup- 
j.pofe,  that  the  inequalities  which  will  naturally  arife 
from  the  chance  of  the  rays  coming  fometimes  a little 
denfer,  and  fometimes  a little  rarer,  in  fo  fmall  a num- 
ber of  them,  as  mull  fall  upon  the  eye  in  the  4th  or  yth 
,part  of  a fecond,  may  be  I'ufficient  to  account  for  this 
appearance. 

Since  thefe  obfervations  were  publillied  however,  Mr. 
Michell  (as  we  are  informed  by  Dr.  Prieftley  in  his 
Hill,  of  Light,  pa,  495)  has  entertained  fome  fnfpi- 
cion,  that  the  unequal  denfity  of  light  does  not  contri- 
bute to  this  effed  in  fo  great  a degree  as  he  had  ima- 
gined ; efpecialiy  as  he  has  obferved  that  even  Venus 
does  fometimes  Twdnkle.  'I'his  he  once  obferved  her 
to  do  remarkably  when  Ihe  was  about  6 degrees  high, 
though  Jupiter,  which  was  then  about  16  degrees  high, 
and  was  fenfibly  lefs  luminous,  did  not  Twinkle  at  all. 
If,  notwithllandlng  the  great  number  of  rays  which 
doubtlefs  come  to  the  eye  from  inch  a furface  as  this 
planet  prefents,  its  appearance  be  liable  to  be  affe6led 
in  this  manner,  it  mud  be  owing  to  fuch  undulations  in 
the  atmofphere,  as  vi’ill  probably  render  the  elfed  of 
every  other  caufe  altogether  inienlible. 

MulTchenbroek  fufpeds  (Introd.  ad  Phil.  Nat.vol.  2,» 
fed.  I74f>  pa.  707)  that  the  Twinkling  of  the  bars 
srifes  from  fome  affedion  of  the  eye,  as  well  as  tlie 
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Hate  of  the  atraofphere.  For,  fays  he,  in  Holland,  when 
the  weather  is  frody,  and  the  fky  very  clear,  the  llarS 
Twinkle  mod  manifedly  to  the  naked  eye,  though  not 
in  telefcopes  ; and  fince  he  does  not  fuppofe  there  is 
any  great  exhalation,  or  dancing  of  the  vapour,  at 
that  time,  he  qiicdions  whether  the  vivacity  of  the 
light,  alfeding  the  eye,  may  not  be  concerned  in  the 
phenomenon. 

But  this  philofopher  might  have  fatisded  himfelf  with 
refpecl  to  this  hypothelis,  by  looking  at  the  bars  near 
the  zenith,  when  the  light  traverfes  but  a fmali  part  of 
the  atmofphere,  and  therefore  might  be  expeded  to  aL 
fed  the  eye  mod  fenfibly.  For  lie  would  have  found 
that  they  do  not  Twinkle  near  fo  much  as  they  do 
near  the  horizony,wheu  much  more  of  their  light  is  in- 
tercepted by  the  atmofphere. 

Some  adronomers  have  lately  endeavoured  to  ex- 
plain the  Twinkling  of  the  fixed  bars,  by  the  extreme 
minutenefs  of  their  apparent  diameter  ; fo  that  they 
fuppofe  the  fight  of  them  is  intercepted  by  every  mote 
that  floats  in  the  air.  To  this  purpofe  Dr.  Long  ob- 
ferves  { Altron.  voL  i,  pa.  170)  that  our  air  near  the 
earth  is  fo  full  of  various  kinds  of  particles,  which  are 
in  continual  motion,  that  fome  one  or  other  of  them  is 
perpetually  paiTing  between  us  and  any  dar  we  look  at, 
which  makes  ns  every  moment  alternately  fee  it  and  lofe 
fight  of  it ; and  this  Twinkling  of  the  dars,  he  fays,  is 
greated  in  thofe  that  are  neared  the  horizon,  becaufe 
they  are  view'rd  through  a great  quantity  of  thick  air, 
where  the  intercepting  particles  are  mod  numerous ; 
whereas  dars  that  are  near  the  zenith  do  not  '’i  vvinkle 
fo  much,  becaufe  we  do  not  look  at  them  through  fo 
much  thick  air,  and  therefore  the  intercepting  parti- 
cles, being  fewer,  come  lefs  frequently  before  them. 
With  refped  to  the  planets,  it  is  obferved  that,  becaufe 
they  are  much  nearer  to  us  than  the  dars,  they  have  a 
fenfible  apparent  magnitude,  fo  that  they  are  not  co-<* 
vered  by  the  fmall  particles  floating  in  the  atmofphere, 
and  therefore  do  not  Twinkle,  but  diine  with  a deady 
light. 

The  fallacy  of  this  hypothefis  appears  from  the  ob- 
fervation  of  Mr.  Michell,  that  no  objedt  can  hide  a dar 
from  us  that  is  not  large  enough  to  exceed  the  apparent 
diameter  of  the  ftar,  by  the  diameter  of  the  pupil  of  the 
eye  ; fo  that  if  a ftar  were  even  a mathematical  point, 
or  of  no  diameter,  the  interpofing  objcdl  mud  dill  be 
eqpal  in  ftze  to  the  pupil  of  the  eye  ; and  indeed  it  mud 
be  large  enough  to  hide  the  ftar  from  both  eyes  at  the 
fame  time. 

The  principal  caufe  therefore  of  the  Twinkling  of 
the  dars,  is  now  acknowledged  to  be  the  unequal  refrac- 
tion of  light,  in  confequence  of  inequalities  and  undu- 
lations in  the  atmofphere.  - 

Befides  a variation  in  the  quantity  of  light,  it  may 
here  be  added,  that  a momentary  change  of  colour  has 
likewife  been  obferved  in  fome  of  the  fixed  dars.  Mr. 
Melville  (Edinb.  Effays,  vol.  2,  pa.  81)  fays,  that 
when,  one  looks  fteadfadly  at  Sirius,  or  any  bright  ftar, 
not  much  elevated  above  the  horizon,  its  colour  feems 
not  to  be  conftantly  white,  but  appears  tindlured,  at 
every  Twinkling,  with  red  and  blue,  Mr.  Melville  could 
not  entirely  fatisfy  himfelf  as  to  the  caufe  of  this  phe- 
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oomenon  j obfervlng  that  the  reparation  of  the  colours 
by  the  vetra6iivc  povrcr  of  the  atmofphere,  is  probably 
too  fmall  to  be  perceived.  Mr.  Michell’s  hypothecs 
above  mentioned,  though  not  adequate  to  the  explica- 
tion of  the  Twinkling  of  the  ftars,  may  pretty  well 
account  for  this  circumftance.  Tor  the  red  and  blue 
rays  being  much  fewer  than  thofe  of  the  intermediate 
colours,  and  therefore  much  more  liable  to  inequalities 
from  the  common  effedl  of  chance,  a fmall  excefs  or 
defedt  in  either  of  them  will  make  a very  fenfible  differ* 
ence  in  the  colour  of  the  ftars. 

TYCHONIC  Syji^m,  or  Hypothcjis,  is  an  order  or 
arrangement  of  the  heavenly  bodies,  of  an  interme- 
diate nature  Between  the  Copernicau  and  Ptolomaic  ; 
and  is  fo  called  from  its  inventor  Tyclro  Brahe.  See 
System^. 

TYMPAN,  or  Tympanum,  in  Arcliitcdlure,  is  the 
area  of  a pediment,  beingthat  part  which  is  on  a level 
with  the  naked  of  the  frize.  Or  it  is  the  fpace  included 
between  the  three  cornices  of  a triangular  pediment,  or 
the  two  cornices  of  a circular  one. 

Tympan  is  aifo  ufed  for  that  part  of  a pedeftal 
called  the  trunk  or  dye, 

Ty-mpan,  among  Joiners,  is  alfo  applied  to  the  pan- 
nels  of  doors. 


] 

Tymp  AN  of  an  Arch^  is  a triangular  fpace  or  table  in 
the  corners  of  Tides  of  an  arch,  ufually  hollowed  and 
enriched,  fometimes  with  branches  of  laurel,  olive-tree, 
or  oak  • or  with  trophies,  &c  j fometimes  with  flying 
figures,  as  fame,  &c ; or  fitting  figures,  as  the  cardi- 
nal virtues. 

Tympan,  in  Mechanics,  is  a kind  of  wheel  placed 
round  an  axis,  or  cylindrical  beam,  on  the  top  of  which 
are  two  levers,  or  fixed  ftaves,  for  more  eafily  turning- 
the  axis  about,  in  order  to  raife  a weight.  The  Tym- 
panum Is  much  the  fame  with  the  peritrochium  ; but 
that  the  cylinder  of  the  axis  of  the  peritrochium  is  much 
fliorter  and  lefs  than  the  cylinder  of  the  Tympa- 
num. 

T ympanum  of  a machine,  is  alfo  ufed  for  a hollow 
wheel,  in  which  people  or  animals  walk,  to  turn  it 
fuch  as  that  of  feme  cranes,  calenders,  &:c. 

TYR,  in  the  Ethiopian  Calendar,  the  name  of  the 
5th  month  of  the  Ethiopian  year.  It  commences  on 
the  25th  of  December  of  the  Julian  year. 

TYSHAS,  among  the  Ethiopians,  tlie  name  of  the 
4th  month  of  their  year,  commencing  the  27th  of  No- 
vember in  the  Julian  year. 
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VTs  a numeral  letter,  in  the  Roman  numeration, 
denoting  5 or  five.  And  with  a dafh  over  the 

top  thus  V,  it  denoted  5000. 

VACUUM,  In  Phyfics,  a fpace  empty  or  devoid  of 
all  matter. 

Whether  there  be  any  fuch  thing  in  nature  as  an  ab- 
folute  Vacuum  ; or  whether  the  iiniverfe  be  com.pktely 
full,  and  there  be  an  abfolute  plenum  ; is  a queftion 
that  has  been  agitated  by  the  philofophers  of  all 
ages. 

The  Ancients,  in  tlveir  controverfies,  diftinguifhed 
two  kinds  ; a Vacuum  coacern^attmiy  and  a Vacuum  in~ 
ierfperfum^  or  dijjeminatum. 

Vacuum  Coacervatum^  is  conceived  as  a confiderabiy 
large  fpace  deftitnte  of  matter;  fuch,  for  inftance,  as 
there  would  be,  fhould  God  annihilate  all  the  air,  and 
other  bodies,  within  the  vvalls  of  a chamber. 

The  exiftence  of  fuch  a Vacuum  is  maintained  by  the 
Pythagoreans,  Epicureans,  and  the  Atomifts  or  Cor- 
pufcularians  ; moft  of  whom  aftert,  that  fuch  a Vacuum 
aftually  exifts  without  the  limits  of  the  fenfible  world. 
But  the  modern  Corpufcularians,  who  hold  a Vacuum 
macervatumy  deny  that  appellation  ; as  conceiving  that 


fuch  a Vacuum- muft  be  infinite,  eternal,  and  un- 
created. 

According  then  to  the  later  philofophers,  there  is 
no  Vacuum  coacervatum  without  the  bounds  of  the 
fenfible  W'O  rid;  nor  would  there  be  any  other  Vacuum, 
provided  God  fhould  annihilate  divers  contiguous  bo- 
dies, than  what  amounts  to  a mere  privation,  or  no- 
thing ; the  dimenfions  of  fuch  a fpace,  which  the  An- 
cieats  lield  to  be  real,  being  by  thefe  held  to  be  mere 
negations  ; that  is,  in  fuch  a place  i-here  is  fo  much 
length,  breadtii,  and  depth  wanting,  as  a body  muft 
have  to  fill  it.  I’o  fuppofe  then,  that  when  all  tl>e 
matter  in  £\  chamber  is  annihilated,  there  fliouid  yet  be 
real  dimenfions,  is  to  fuppole,  fay  they,  corporeal  di- 
menfions without  body  ; which  is  abfurd. 

T he  Cartefians  however  deny  any  coacer’va^ 

i7im  at  all,  and  affert  that  if  God  fhould  immediately 
annihilate  all  the  matter,  for  example  in  a chamber, 
and  prevent  the  ingrefs  of  any  other  matter,  theconfe- 
quence  would  be,  that  the  walls  would  become  conti- 
guous, and  include  no  fpace  at  all.  They  add,  that 
if  there  he  no  matter  in  a chamber,  the  walls  cannot  be 
conceived  otherwife  than  as  contiguous ; thofe  things 

being 
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IV  they,  no  extenfion  between;  ex 
bcincr  the  fame  thing' : and  it  then 


h ing  faiu  to  be  contiguous,  between  which  there  is  not 
any  ^hing  iiuentiediate  : but  if  there  be  no  body  be- 
tween, there  is,  ii 
terifion  and  body  beiw,^ 
l)e  no  cxtenfion  between,  tlien  the  vralls  are  contiguous  ,; 
and  where  is  the  Vacuum  ? — '■—But  this  reafoniug,  or 
rather  quil;)bling,  is  iovmded'  on  the  miilake,  that  body 
and  ex  ten  lion  are  tbe  fame  thmg. 

. Vacuum  D'ijjcminatufn^  qx  Inierfperfmn^'i^  that  flip- 
pofed  to  be  naturallv  intet  rper.fed  in  and  among  bodies, 
in  the  in  ter  dices  between  dilferent  bodiesj  ■ and  in  th-e 
pores  of  th.e  fame  body. 

It  IS- tin’s  kind  of  Vacimm  which  is  chiefly  contelled 
.among  the  modern  piiilolophers  ; the  Corpufculariaios 
firenuoufly  alferting  it,,;  and  the  Peripatetics  and  Car- 
tefians  as  tenacioufly  deiiylng  it.  See  CARUBtsiAN  and 

l..ElBXiT7.IANo 

The  great  argument  urged  by  the  Peripatetics  again ll 

Vacuum  interiperfum,  is,  that  there  are  divers  bodies 
frequently  feen  to  move  contrary  to  their  own  nature 
and  inclination  ; and  that  for  no  other  apparent  reafon, 
but  to  avoid  a Wcunm  : whence  they  conclude,  that 
nature  abhors  a Vacufim  ; and  give  us  a new  clafs  of 
motions  aferibed  to  the  ftiga-^aacul  or  nature^s  flying  a 
■Vacuum.  Such,  they  Pay,- is  the  rile  of  water  in  a 
fyringe,  upon  the  drawing  up  of  the  pilfon  ; and  fiich 
ds  the  afeent  of  water  in  pumps,  and  the  fwelling*  of  the 
'flefli  in  a cupping  glafs,  &c.' — But  lince  the  weight, 
ejahicity,  &c,  of  the  air  have  been  afeertained  by  lure 
experiments,  thofe  motions  and  efFedfs  are  univerfaily, 
and  jifllly,  aferibed  to  the  gravity  and  preffure  of  the 
atmofphere. 

The  Cartefians  deny,  not  only  the  adfual  exiftcnce, 
"but  even  the  poffibility  of  a Vacuum  ; and  that  on  this 
• principle,  that  cxtenfion  being  the  cflence  x>f  matter, 
..or  body,  wherever  extenfion  is,  there  is  matter  ; but 
mere  fpacc?  or  vacuity,  is  fuppofed  to  be  extended  ; 
therefore  it  is  materia!.  Whoever  aflerts  an  empty 
fpace,  fay  they^  conceives  dimenfions  in  that  fpace, 

i.  e.  he  conceives  an  extended  fubfliance  in  it  ; and 
therefore  he  denies  a Vacuum,  at  the  fame  time  that 
‘he  admits  it. — But  Defcartes,  if  we  may  believe  fome 
'accounts,  rejedled  a Vacuum  from  a complaifance  to 
■the  tafee  which  prevailed  in  hivS  time,  agalnft  his  own 
firll  feiitiments  ; and  among  his  familiar  friends  he  ufed 
to  call  his  fyhem  his  philofophical  romance. 

On  the  other  hand,  the  corpulcular  authors  prove, 
not  only  the  poffibility,  but  tlie  adfual  exiftence,  of  a 
Vacuum,  from  divers  conflde'raticns  ; particularly  from 
■the  confideratlon  of  motion  In  general ; and  that  of  the 
qdanets,  comets,  &c,  in  particular  ; as  alfo  from  the 
fall  of  bodies  ; from  the  vibration  of  pendulums  ; from 
rarefadtion  and  condenfatioii ; from  the  different  fpeciiic 
gravities  of  bodies  j and  from  the  divifibility  of  matter 
.into  parts. 

1.  Firft,  there  could  be  no  linear  or  progrtlfive  mo- 
tion without  a VTcuiim  ; for  if  all  fpace  were  full  of 
matter,  no  body  could  be  moved  out  of  its  place,  for 
want  of  ano-ther  place  unoccupied,  to  move  into.  And 
this  argument  was  Hated  even  by  Lucretius. 

2.  The  motions  of  the  planets  and  comets  alfo  prove 
a Vacuum.  Thus,  Newton  argues,  “ tliat  there  is  no 
fuch  fluid  medium  as  aether,’^  (to  fill  up  the  porous 
parts  of  all  feiinble  bodies,  and  fo  make  a plenum), 


fee  ms  probable  : becaufo  the  planets  and  comets  pro- 
ceed with  fo  regular  and  lading  a motion,  through  the 
celeftial  fpaccs  ; for  lienee  it  appears  that  thofe  celeftiai 
fpaces  are  void  of  all  fenfible  rciiftance,  and  conrequently 
of  all  fenfib'c  matter.  Conlequently  if  the  celelh'al  regions 
were  as  denfe  as  water,  or  as  quickiilver,  they  would 
refill  ciimoil  as  much  as  water  or  (piickfilver  ; but  if 
they  were  perfedlly  denfe,  without  any  interfperfed 
vacuity,  though  the  matter  were  ever  fo  fluid  and  fubtie, 
f liey  would  reflil  moi'e  than  quickfiiver  does : a perfectlv 
folid  globe,  iu  luch  a medium,  would  lofe  above  half 
its  motion,  iu  moving  3 lengths  of  its  diameter;  and  a 
globe  not  perfedlly  loiid,  fuch  as  the  bodies  of  the 
planets  and  comets  are,  would  be  flopped  flill  fooner. 
Therefore,  that  the  motion  of  the  planets  and  comets 
may^  be  regular,  and  lading,  it  is  neceflary  that  the 
celeftiai  fpaces  be  void  of  all  matter  ; except  perhaps 
fome  few  and  much  rarefled  effluvia  of  the  planets  and 
cornets,  and  the  paffing  rays  of  light.” 

3.  The  fame  great  author  alfo  deduces  a Vacuum 
from  the  confideration  of  the  weights  of  bodies  ; thus  ; 

All  bodies  about  the  earth  gravitate  towards  it ; and 
the  weights  of  all  bodies,  equally  diflaut  from  the  earth’s 
centre,  are  as  the  quantities  of  matter  in  thofe  bodies. 
If  the  sether  therefore,  or  any  other  fubtile  matter,  were 
altogether  deftitute  of  gravity,  or  did  gravitate  lefs  than 
in  proportion  to  the  quantity  of  its  matter  ; becaufe 
(as  Ariflotle,  Defcartes,  and  others,  argue)  it  differs 
from  other  bodies  only  in  the  form  of  matter ; the 
fame  body  might,  by  the  change  of  its  form,  gradually 
be  converted  into  a body  of  the  fame  coiiilitution  with 
thofe  which  gravitate  moll  in  proportion  to  the  quantity 
of  matter  : and,  on  the  other  hand,  the  heaviefl  bo- 
dies might  gradually  lofe  their  gravity,  by  gradually 
changing  their  form;  and  fo  the  weights  would  depend 
upon  the  forms  of  bodies,  and  might  be  changed  with 
them  ; which  is  contrary  to  all  experiment.” 

4,  The  defeent  of  bodies  proves,  that  all  fpace  is 
not  equally  full ; for  the  fame  author  goes  on,  “ If 
all  fpaces  were  equally  full,  the  fpecific  gravity  of  that 
fluid  with  which  the  region  of  the  air  would,  in  that 
cafe,  be  filled,  would  not  be  lefs  than  the  fpecific  gra- 

'vity  of  quickfiiver  or  gold,  or  any"  other  the  moll  denfe 
body  ; and  therefore  neither  gold,  nor  any  other  body, 
could  defeend  in  it.  For  bodies  do  not  defeend  in  a 
fluid,  unlefs  that  fluid  be  fpeciflcally  lighter  than  the 
body.  But  by  the  air-pump  we  can  exhaufl  a veflek 
till  even  a feather  fliall  fall  with  a velocity  equal  to  that 
of  gold  in  the  open  air  ; and  therefore  the  medium 
through  which  this  feather  falls,  mufl  be  much  rarer 
than  that  througli  which  the  gold  fails  in  the  other 
cafe.  The  quantity  of  matter  therefore  in  a given  fpace 
may  be  diminiflied  by  rarefadfion : and  why  may  ft 
.not.  be  diminifhed  ad  inlinitum  Add,  that  we  con- 
ceive the  folid  particles  of  all  bodies  to  be  of  the  fame 
deulity  ; and  that  they  are  only  rarefiable  by  means  of 
their  pores  ; and  hence  a Vacuum  evidently  follows.” 

5.  “ That  there  is  a Vacuum,  is  evident  too  from 
the  vibrations  of  pendulums  : for  flnee  thofe  bodies, 
in  places  out  of  vrhich  the  air  is  exhaufted,  ’'meet  with 
no  refittance  to  retard  their  motion,  or  fl:iorten  their 
vibrations ; it  is  evident  that  there  is  no  ienfible  mat- 
ter in  thofe  fpaces,  or  in  the  occult  pores  of  thofe 
bodies.” 

6,  That 
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6.  That  there  are  interfperfed  vacuities,  appears 
from  matter’s  being  a6tuall7  divided  into  parts,  and 
from  the  figures  of  thofe  parts  ; for,  on  fuppofitien  of 
an  abiolute  plenum,  we  do  not  conceive  how  any  part 
of  matter  could  be  a6fually  divided  from  that  next  ad- 
joining, any  more  than  it  is  pofilble  to  divide  actually 
the  parts  of  abfolute  fpace  from  one  another:  fpr  by 
the  aCfiial  divifion  of  the  parts  of  a continuum  from 
one  another,  we  conceive  nothing  elfe  underfiood,  but 
the  placing  of  thofe  parts  at  a difiance  from  one  another, 
which  in  the  continuum  were  at  no  difiance  from  one 
another;  but  fuch  divifions  between  the  parts  of  matter 
mull  imply  vacuities  between  them. 

7.  As  for  the  figures  of  the  parts  of  bodies,  upon 
the  fuppofition  of  a plenum,  they  rnuft  either  be  all 
rectilinear,  or  all  concavo-convex  ■;  otherwife  they 
would  not  adequately  fill  Ipace  ; which  we  do  not  find 
to  be  true  in  faCf. 

8.  The  denying  a Vacuum  fuppofes  what  it  is  im- 
poflible  for  any  one  to  prove  to  be  true,  viz,  tliat  the 
material  world  has  no  limits. 

However,  we  are  told  by  fome,  that  it  is  impofiible 
to  conceive  a Vacuum.  But  this  furcly  muft  proceed 
from  their  having  imbibed  Defcartes’s  doctrine,  that 
the  efience  of  body  is  conllituted  by  extenfion  ; as  it 
would  be  contradictory  to  fuppofe  fpace  without  ex- 
tenfion. To  fuppofe  that  there  are  fluids  penetrating 
all  bodies  and  rcplenifiiing  fpace,  which  neither  refill 
nor  aCt  upon  bodies,  merely  In  order  to  avoid  admitting 
a Vacuum,  is  feigning  two  forts  of  matter,  without 
any  necefiity  or  foundation  ; or  is  tacitly  giving  up  the 
queltion. 

Since  then  the  eiTence  of  matter  does  not  confifi  in 
extenfioa,  but  in  foiidity,  or  impenetrability,  the  unl- 
verfe  may  be  faid  to  confifi;  of  folid  bodies  moving  in  a 
Vacuum  ; nor  need  we  at  all  fear,  left  the  phenomena 
of  nature,  moil  of  which  are  plaufibly  accounted  for 
from  a plenum,  fhould  become  inexplicable  when  the 
plenitude  is  fet  afide.  The  principal  ones,  fuch  as  the 
tides  ; the  fufpenfion  of  the  mercury  in  the  barometer  ; 
the  motion  of  the  heavenly  bodies,  and  of  light,  &c, 
are  more  eafily  and  fatIsfaClorily  accounted  for  from 
other  principles. 

Vacuum  Botleanum^  is  ufed  to  exprefs  that  approach 
to  a real  Vacuum,  which  we  arrive  at  by  means  of  the 
air-pump.  Thus,  any  thing  put  in  a receiver  fo  ex- 
haufted,  is  faid  to  be  put  in  vacuo  : and  thus  mod  of 
the  experiments  with  the  air-pump  are  faid  to  be  per- 
formed in  vacuo,  or  in  vacuo  Boileano, 

Some  of  the  principal  phenomena  obferved  of  bodies 
in  vacuo,  are  ; that  the  heaviell  and  lighteft  bodies, 
as  a guinea  and  a feather,  fall  here  with  equal  velocity  ; 

— that  fruits,  as^  grapes,  cherries,  peaches,  apples, 
5cc,  kept  for  any  time  in  vacuo,  retain  their  nature, 
frefiinefs,  colour,  &c,  and  thofe  withered  In  the  open 
air  recover  their  plumpnefs  In  vacuo  : — all  light  and  fire 
become  Immediately  extindl  In  vacuo: — little  or  no  found 
is  heard  from  a bell  rung  in  vacuo  : — a bladder  half  full 
■of  air,  will  difiend  the  bladder,  and  lift  up  40  pound 
weight  in  vacuo; — mofi  animals  foon  expire  In  vacuo. 

By  experiments  made  in  1704,  Dr.  Derham  found 
that  animals  which  have  two  ventricals,  and  no  foramen 
ovale,  as  birds,  dogs,  cats,  mice,  &c,  die  in  lefs  than 
half  a minute;  counting  from  tlie  firfi  exfuclion  : a 
V®u.  11. 
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mole  died  in  one  minute  ; a bat  lived  7 or  8.  Infe^ls 
as  wafps,  bees,  grafshoppers,  &c,  feemed  dead  in  two 
minutes  j but  after  being  left  in  vacuo  24  hours,  they 
came  to  life  again  in  the  open  air  : fiiails  continued  24 
hours  in  vacuo,  without  appearing  much  incommoded. 
--Seeds  planted  in  vacuo  do  not  grow : Small  beer 
dies,  and  lofes  all  its  tafie,  in  vacuo  : And  air  rulhing 
through  mercury  into  a Vacuum,  throws  the  mercury 
in  a kind  of  fiiower  upon  the  receiver,  and  produces  a 
great  light  in  a dark  room. 

The  air-pump  can  never  produce  a perfe6l  Vacuum  ; 
as  Is  evident  from  its  ftru6lure,  and  the  manner  of  its 
w'orking : in  effect,  every  exfudion  only  takes  aw^ay  a 
part  of  the  air ; fo  that  there  is  ftlll  fome  left  after  any 
finite  number  of  exfu6tions.  For  the  air-pump  has  no 
longer  any  eiTed  but  while  the  fpring  of  the  air  re- 
maining in  the  receiver  is  able  to  lift  up  the  valves ; 
and  when  the  rarefadion  is  come  to  that  degree,  you 
can  come  no  nearer  to  a Vacuum  ; unlefs  perhaps  the 
air  valves  can  be  opened  mechanically,  independent  of 
the  fpring  of  the  air,  as  it  is  faid  they  are  in  fome  new 
improved  air-pumps. 

Torricellian  Vacuum,  Is  that  made  in  the  barometer 
tube,  between  the  upper  end  and  the  top  of  the  mer- 
cury. This  is  perhaps  never  a perfed  and  entire  Va- 
cuum ; as  all  fluids  are  found  to  yield  or  to  rife  in  elafiic 
vapours,  on  the  removal  of  the  preffure  of  the  atmo- 
fphere.  See  Torricellian,  and  Barometer. 

VALVE,  in  Hydraulics,  Pneumatics,  &c,  is  a 
kind  of  lid  or  cover  to  a tube  or  veffel,  contrived  to 
open  one  way  ; but  which,  the  more  forcibly  it  is 
prefled  the  other  way,  the  clofcr  it  fluits  the  aperture  : 
ib  that  it  either  admits  the  entrance  of  a fluid  into  the 
tube,  or  veflel,  and  prevents  its  return  ; or  permits  it  to 
efcape,  and  prevents  its  re-entrance. 

Valves  are  of  great  ufe  in  the  air-pump,  and  otiicr 
wind  machines  ; in  wTich  they  arc  ufually  made  of 
pieces  of  bladder.  In  hydraulic  engines,  as  the  emboli 
of  pumps,  they  are  moftly  of  ftrong  leather,  of  a round 
figure,  and  fitted  to  (hut  the  apertures  of  the  barrel^  or 
pipes.  Sometimes  they  are  made  of  two  round  pieces 
of  leather  cnclofed  between  two  others  of  brafs  ; having 
divers  perforations,  which  are  covered  with  another 
piece  of  brafs,  moveable  upwards  and  downwards,  on 
a kind  of  axis,  wEich  goes  through  the  middle  of  tlicm 
all.  Sometimes  they  are  made  of  brafs,  covered  over 
wfith  leather,  and  furnifiied  with  a fine  fpring,  w'hich 
gives  way  upon  a force  applied  again  ft  it  ; but  upon 
the  ceafing  of  that,  returns  the  Valve  over  the  aper-^ 
ture.  See  Pump.  See  alfo  Defaguliers’  Exper.  Pliilof. 
vol.  2,  p.  156,  and  p,  180. 

VANE,  in  a flilp,  &c,  a thin  flip  of  fome  kind  of 
matter,  placed  on  high  in  the  open  air,  turning  eafily 
round  on  an  axis  or  fpindle,  and  veered  about  by  the 
wind,  to  fliew  its  direAion  or  courfe. 

Vanes,  in  Mathematical  or  Philofophical  Infiru- 
ments,  are  lights  made  to  Aide  and  move  upon  crofs- 
llaves,  fore-ftaves,  quadrants,  &c. 

VAPOUR,  in  Meteorology,  a watery  exhalation 
raifed  up  either  by  the  heat  of  tlie  fun,  or  any  other 
heat,  as  fire,  he.  Vapour  is  confidered  as  a thin 
veficle  of  water,  or  other  liumid  matter,  filled  or  inflated 
wn'th  air;  which,  being  rarefied  to  a certain  degree  by 
the  adion  of  heat,  afeends  to  fome  height  In  the 
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atmofpliere,  where  it  is  fufpended,  till  it  returns  in 
form  of  rain,  fnow,  or  the  like.  An  alfernblage  of  a 
number  of  particles  or  veficles  of  vapour,  conftitutes 
what  Is  called  a cloud. 

Some  ufe  the  term  Vapour  indifferently,  for  all 
fumes  emitted,  either  from  moul  bodies,  as  fluids  of 
any  kind ; or  from  dry  bodies,  as  fulphur,  &c.  But 
Newton,  and  other  authors,  better  ^ didinguim  be- 
tween humid  and  dry  fumes,  calling  ttie  latter 
tions. 

J^oT  the  mnf'ucr  tn  <zvbic/j  df's  vcitjcd^  and 

precipitated^  fe  e Cloud,  ID  e w , Rain,  Barometer, 
and  particularly  Evaporation. 

It  may  here  be  added,  with  refpea  to  the  principles 
of  folution  adopted  to  account  for  evaporation,  and 
largely  illuftrated  under  that  article,  that  Dr.'H'alley, 
about  the  beginning  of  the;  prefent  century,  feems  to 
have  been  acquainted  with  the  folveut  power  of  air  on 
water  ; for  he  fays,  that  fuppofing  the  earth  to  be 
covered  with  water,  and  the  fun  to  move  diiirnally 
round  it,  the  air  would  ofltfelf  imbibe  a certain  quan- 
tity of  aqueous  Vapours,,  and  retain  them  like  falts 
diffolved  in  water ; and  that  the  air  warmed  by  the  fun 
would  fuftain  a greater  proportion  of  Vapours,  as  wAurm 
water  wdll  hold  more  diffolved  falts  ; which  would  be 
difeharged  in  dews,  fimilar  to  the  precipitation  of  falts 
on  the  cooling  of  liquors.  Philof.  Tranf.  Abr.  vol.  2, 
p.  127. 

Mr.  Eeles,  in  I755>  endeavoured  to  account  for 
the  afeent  of  Vapour  and  exhalation,  and  their  fufpen- 
fion  in  the  atmofphere,  by  means  of  the  eledfric  fire.. 
The  fun,  he  acknowledges,  is  the  great  agent  in  de- 
taching Vapour  and  exhalations  from  their  maffes, 
whether  he  adfs  immediately  by  himfelf,  or  by  his  ren- 
dering the  eledtric  fire  more  adtive  in  its  vibrations : 
but  their  fubfequent  afeent  he  attributes  entirely  to 
their  being  rendered  fpecifically  lighter  than  the  low^er 
air,  by  their  conjundlion  with  eledlrical  fire  : each  par- 
ticle of  Vapour,  with  the  eledlrical  fluid  that  furrounds 
it,  occupying  a greater  fpaee  than  the  fame  weight  of 
air.  Mr.  Eeles  alfo  endeavours  to  fhew,  that  the  afeent 
and  defeent  of  Vapour,  attended  by  this  fire,  are  the 
caufe  of  all  the  winds,  and  that  they  furnifh  a fatisfac- 
tory  folution  of  the  general  phenomena  of  the  weather 
and  barometer.  Philof.  Tranf.  vol.  49,  pa.  124. 

Dr.  Darwin,  in  1757,  publifiled  remarks  on  the 
theory  of  Mr,  Eeles,  with  a view  of  confuting  it ; and 
attempting  to  account  for  the  afeent  of  Vapours,  by> 
cop.fidering  the  power  of  expanfion  wdiich  the  con- 
flituent  parts  of  feme  bodies  acquire  by  heat,  and  alfo 
that  fame  bodies  have  a greater  affinity  to  heat,  or  ac- 
quire it  fooner,  and  retain  it  longer,  than  others.  On 
thefe  principles,  he  thinks,  it  is  eafily  underfiood  how 
water,  whofe  parts  appear  from  the  seclipile  to  be 
capable  of  immeafurable  expanfion,  Ihould  by  heat 
alone  become  fpecifically  lighter  than  the  common 
atmofphere.  A fmall  degree  of  heat  is  fufficient  to 
detach  or  ralfe  the  Vapour  of  w^ater  from  the  mafs  to 
which  it  belongs  ; and  the  rays  of  the  fun  communicate 
heat  only  to  thofe  bodies  by  which  they  are  refradted, 
refledlcd,  or  obftrudted,  whence,  by  their  impulfe,  a 
motion  or  vibration  is  caufed  in  the  parts  of  fuch  bodies. 
Hence  he  infers,  that  the  fphericles  of  Vapour  will, 
by  refrafting  the  folar  rays,  acquire  a conftant  heat, 


though  the  furrounding  atmofphere  remain  cold.  If 
it  be  aflced,.  how  clouds  are  fapported  in  the  abfence 
of  the  fun  It  mult  be.  remembered,  that  large  maffes 
of  Vapour  muff  for  a Gonfiderable  time  retain  much  of 
the  heat  they  have  acquired  in  the  day  ; at  the  fame 
time  refledliiig  how.  fmall  a quantity  of  heat  w'as  necef*. 
farv  to  raife  them,  and  that  doubtlefs  even  a lefs  will 

j ' 

be  fufficient  to  fupport  them  ; as  from  the  diminifhed 
prtffiire  of  the.  atmofphere  at  a given  height,  a lefs 
power  may  be  able  to  continue  them  in  their  prefent 
ilate  of  rarefadtion  ; . and  lallly,  that  clouds  of  pai  ticiilan 
fhapes  will  be  fuftained  or  elevated  by  the  motion  they 
acquire  from  winds.  Philof.  Tranf.  vol.  50,.  p.  246. 

For  the  Effect  of  Vapour  in  the  Formation  of  Springs^. 
See,  fee  Spring,  and  River. 

The  quantity  of  Vapour  raifed  from  the  fea  by  the 
warmth  of  the  fun,  muib  be  far  greater  than  is  commonly 
imagined.  Dr.  Halley  has  attempted  toeftimate  it.  For 
the  refult  of  his  calculations,,  fee  Evaporation. 

VARIABLE,  in  Geometry  and  Analytics,  is  ar- 
term  applied  by  mathematicirms,  to  fuch  quantities  as 
are  confidered  in  a Variable  or  changeable  ftate,  either 
increafing  or  decreafing.  Thus,  the  abfeiffes  and  or- 
dinates of  an  ellipfis,  or  other  curve  line,  arc  Variable- 
quantities  ; becaufe  thefe  vary  or  change  their  magni- 
tude together,  the  one  at  the  fame  time  w^ith  the 
other.  But  forae  quantities  may  be  Variable  by  them- 
felves  alone,  or  wdiile  thofe  connedled  with  them  are 
conftant : as  the  abfeiffes  of  a parallelogram,  wffiofe 
ordinates  may  be  confidered  as  all  equal,  and  therefore 
conftant.  Alfo  the  diameter  of  a circle,  and  the  para- 
meter of  a conic  fedlion,  are  conflant^  while  their  ab- 
feiffes are  Variable, 

Variable  quantities  are  ufually  denoted  by  the  lalB 
letters  of  the  alphabet,  z,  y,  &c  ; while  the  conftant, 
ones  are  denoted  by  the  leading  letters,  b,  r.  See. 

Some  authors,  inftead  of  Variable  and  conjiani  quan- 
tities, ufe  the  terms  fluent  and  flable  quantities. 

The  indefinitely  fmall  quantity  by  which  a Variable 
quantity  is  continually  increafed  or  decreafed,  in  very 
fmall  portions  of  time,  is  called  the  differential^  or 
cremmt  or  decrement.  And  the  rate  of  its  increafe  or 
decreafe  at  any  point,  is  called  its  fluxion  ; while  the 
Variable  quantity  itfelf  is  called  the  fluent.  And  the 
calculation  of  thefe,.  is  the  fubjeiR  of  the  new  Methodus 
Efferentialis^  or  DoBrine  of  Fluxions^ 

VARENIUS  (Bernard),  a learned  Dutch 
geographer  and  phyfician,  of  the  laft  centuryq  who 
was  author  of  the  heft  mathematical  treatife  on  Geogra- 
phy, intitled,  Geographia  Univerfalis^  in  qua  affedfiones. 
generalis  Telluris  explicantur.  This  excellent  work  has 
been  tranftated  into  all  languages,  and  was  honoured  by 
an  edition,  with  improvements,  by  Sir  Ifaac  Newton, 
for  the  ufe  of  his  academical  ftudents  at  Cambridge. 

VARIATION,,  of  ^mntitieSj  in  Algebra.  See 
Changes,  and  Combination. 

Variation,  in  Aftronomy. — l"he  Variation  of  the 
Moon,  called  by  Bulliald,  the  RefleBion  of  her  Light, 
is  the  third  inequality  obferved  in  the  moon’s  motion  ; 
by  which,  when  out  of  the  quadratures,  her  true  place 
differs  from  her  place  twice  equated.  See  Place, 
Equation,  &c, 

NewtoB  makes  the  moon’s  variation  to  arife  partly 
from  the  form  of  her  orbit,  which  is  an  ellipfis ; and 

partly 
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partly  from  the  inequality  of  the  fpaces,  which  the 
moon  deicribes  in  equal  times,  by  a radius  drawn  to 
the  earth. 

To  jind  the  Greateji  Variation,  Obfcrve  the  moon’s 
longitude  in  theoftants;  and  to  the  time  of  obfervation 
compute  the  moon’s  place  twice  equated  ; then  the  dif- 
ference between  the  computed  and  obferved  place,  is 
-the  greated  Variation. 

Tycho  makes  the  greated  Variation  40^  30'^ ; and 
Kepler  makes  it  51^  49". — But  Newton  makes  the 
greated  Variation,  at  a mean  didance  between  the  fun 
and  the  earth,  to  be  35'  10  ' ; at  the  other  didances, 
the  greated  Variation  is  in  a ratio  compounded  of  the 
•duplicate  ratio  of  the  times  of  the  moon’s  fynodical 
revolution  diredtly,  and  the  triplicate  ratio  of  the  dif- 
tance  of  the  fun  from  the  earth  inverfely.  And  therefore 
in  the  fun’s  apogee,  the  greated  Variation  is  33^  14'^, 
and  in  his  perigee  37^  11''';  provided  that  the  eccen- 
tricity of  the  fun  be  to  the  tranfverfe  femidiameter  of 

4 

the  orbismagnus,  as  to  1000.  Or,  taking  the 

mean  motions  of  the  moon  from  the  fun,  as  they  are 
dated  in  Dr.  Halley’s  tables,  then  the  greated  Varia- 
tion at  the  mean_dillance  of  the  earth  from  the  fun  will 
be  3^'  7'k  in  the  apogee  of  the  lun  33^27/',  and”Itr 
his  nerigee  36^  5 i".  Philof.  Nat.  Princ.  pi.  29,  lib.  3. 

Variation,  in  Geography,  Navigation,  &c,  a term 
applied'  to  the  deviation  of  the  magnetic  needle,  or 
compafs,  from  the  true  north  point,  either  towards  the 
ead  or  wed  ; called  alfo  the  declination.  Or  the  Varia- 
tion of  the  compafs  is  properly  defined,  the  angle  which 
a magnetic  needle,  fufpended  at  liberty,  makes  with 
the  meridian  line  on  an  horizontal  plane  ; or  an  arch 
of  the  horizon,  comprehended  between  the  true  and 
the  magnetic  meridians. 

In  the  fea -language,  the  Variation  Is  ufually  called 
north-cajling^  or  tiorjh-’ix'ejling. 

All  magnetic  bodies  are  found  to  range  themfelves, 
ill  fome  fort,  according  to  the  meridian  ; but  they 
feldom  agree  precifely  wlth.it:  in  one  place  they  de- 
cline, from  the  north  toward  the  ead,  in  another 
toward  the  wed  ; and  that  too  differently  at  different 
times. 

The  Variation  of  the  compafs  could  not  long  remain 
a fecret,  after  the  invention  of  the  compafs  itfelf : ac- 
cordingly Ferdinand,  the  fon  of  Columbus,  in  his  life 
written  In  Spanidi,  and  printed  in  Italian  at  Venice 
in  1571,  afferts,  that  Ins  father  obferved  it  on  the  14th 
of  September  1492  : though  others  feem  to  attribute 
the  difeovery  of  It  to  Sebadlan  Cabat,  a Venetian, 
employed  in  the  fervice  of  our  king  Henry  VII,  about 
the  year  1500.- — it  now  appears  however,  that  this 
Variation  or  declination  of  the  needle  was  known  even 
fome  centuries  earlier,  though  it  does  not  appear  that  the 
ufe  of  the  needle  itfelf  in  navigation  was  then  knoMm. 
For  it  feems  there  is  in  the  library  of  the  univerlity  of 
I.eyden,  a fmall  maniilcript  tradl  on  ilie  Magnet,  in 
I..atln,  written  by  one  Peter  Adfiger,  bearing  date  the 
8th  of  Augud  1269;  In  which  the  declination  of  the 
needle  Is  particularly  mentioned.  Mr.  Cavallo  has 
printed  the  chief  part  of  this  letter  in  the  Supplement 
to  his  Treaiufe  on  Magnetifm,  with  a tranflatlon  ; and 
I think  It  is  to  be  wiflicd  he  had  printed  the  whole  of 
fo  curious  a paper.  The  curiofity  of  this  letter,  fays 
Mr.  Cavallo,  conlids  in  its  containing  almoft  all  that 


is  at  prefent  known  of  the  fubjeid,  at  lead  the  molt 
remarkable  parts  of  It,  mixed  however  with  a good 
deal  of  abfnrdity.  Tiie  laws  of  magnetic  attradfion, 
and  of  the  communication  of  that  power  to  iron  the 
diredive  property  of  the  natural  magnet,  as  well  as  of 
the  iron  that  has  been  touched  by  it,  and  even  the  de- 
cimation of  the  magnetic  needle,  are  clearly  and  un- 
ecpiivocally  mentioned  in  it. 

^ As  this  Variation  differs  in  different  places,  Gonzales 
d’Oviedi  found  there  was  none  at  the  Azores  ; from 
whence  fome  geographers  thought  fit  in  their  maps  to 
niake  the  hi  it  meridian  pals  through  one  of  thefe  ifiands : 
It  not  being  then  known  that  the  Variation  altered  in 
time.  See  AIagiSEt;  alfo  Gilbert  De  Magnete,  Lond. 
i6co,  p.  4 and  5 ; or  Purchas’s  Piignms,\ond.  162c* 
book  2,  fedt.  i. 

Various  are  the  hypothefes  that  have  been  framed  to 
account  for  this  extraordinary  phenomenon  ; we  fiiall 
only  notice  fome  of  the  latter,  and  more  probable  : 
jud  prpiifing,  that  Robert  Norman,  the  inventor  of 
the  Dipping-needle,  difputes  agalnd  Cortes’s  notion, 
that  the  Variation  was  caufedby  a point  in  the  heavens* 
contending  that  it  fhould  be  fought  for  in  the  earth^ 
and  propofes  how  to  difeover  its  place. 

I'he  find  is  that  of  Gilbert  (De  Magnete,  lib.  4, 
p.  151  &c),  which  is  followed  by  Cabeus,  &c.  This 
notion  is,  that  It  is  the  earth,  or  land,  that  draws  the 
needle  out  of  its  meridian  diredtion  : and  hence  they 
argue,  that  the  needle  varied  more  or  lefs,  as  it  was 
more  or  lefs  didant  from  any  great  continent  • and 
confequcntly  that  if  it  were  placed  in  the  middle  of  an 
ocean,  equally  dillant  from  equal  tradls  of  land  on  each 
fide,  eadvvard  and  wedvvard,  it  would  not  decline  either 
to  the  one  or  the  other,  but  point  exadlly  north  and 
fouth.  Thus,  fay  they,  in  the  Azores  ifiands,  which 
are  equally  didant  from  xAfrIca  on  the  eaff,  and  America 
on  the  wed,  there  is  no  Variation  : but  as  you  fail  from 
thence  towards  Africa,  the  needle  begins  to  decline 
toward  the  ead,  and  that  dill  more  and  more  till  you 
reach  tlie  ffiore.  If  you  proceed  dill  farther  ead  ward, 
the  declination  gradually  diminlfhes  again,  by  reafon  of 
the  land  left  behind  on  the  wed,  which  continues  to 
draw  the  needle.  The  fame  hol-Js  till  you  arrive  at  a 
place  where  the  tradts  of  land  on  each  fide  are  equal ; 
and  there  again  the  Variation  will  be  nothing.  But 
the  misfortune  is,  the  law  does  not  hold  univerfally ; 
for  multitudes  of  oblervations  of  the  Variation,  in  dif- 
ferent parts,  made  and  colie(ff.cd  by  Dr.  Halley,  over- 
turn the  whole  theory. 

Others  therefore  have  rccourfc  to  the  frame  and 
compages  of  the  earth,  conlidered  as  interfperled  with 
rocks  and  dielves,  which  being  generally  found  to  run 
towards  the  polar  regions,  the  needle  comes  to  have  ' 
a general  tendency  that  way  ; but  it  feldom  happens 
that  their  diredfion  Is  exadlly  in  the  meridian,  and  the 
needle  has  confequcntly ,1  for  the  mod  part,  fome  Va- 
riation, 

Others  hold  that  divers  parts  of  the  earth  have  dif- 
ferent degrees  of  the' magnetic  virtue,  as  fome  are  more 
Intermixed  with  heterogeneous  matters,  which  prevent 
the  free  adtion  or  effedi  o^f  it,  than  others  are. 

Othels  again  afenbe  all  to  magnetic  rocks  and  iron 
mines,  which,  affording  moVe  of  the  magnetic  matter 
than  other  parts,  draw  the  needle  more, 
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I.aftly,  otliers  imagine  that  earthquakes,  or  high 
tides,  have  diihirbed  and  diflocatcd  fcveral  conrideiable 
parts  of  the  earth,  and  fn  changed  the  magnetic  axis 
of  the  globe,  which  was  originally  the  fame  with  tne 
^xis  of  the  earth  itfelf. 

But  none  of  thefe  theories  can  be  the  true  one  ; for 
ftill  that  great  phenomenon,  the  V ariation  of  ihe^  Van- 
(itioti^  !•  e«  the  continual  change  of  the  declination,  in 
one  and  the  fame  place,  is  not  accountable  for,  on  any 
of  thefe  foundations,  nor  is  it  even  confiilent  with 

them.  ^ n 1 P • 

Dodlor  Hook  communicated  to  the  Royal  Society, 

in  16^4,  a theoiy  of  the  Variation;  the  fubftance  of 
which  is,  that  the  magnet  has  its  peculiar  pole,  djftant 
10  degrees' from  the  pole  of  the  earth,  about  which  it 
moves,  fo  as  to  make  a revolution  in  370  years: 
whence  the  Variation,  he  fays,  has  altered  of  late 
about  10  or  1 1 minutes  every  year,  and  will  probably 


fo  continue  to  do  for  fome  time,  when  it  will  hegm 
to  proceed  flower  and  flower,  till  at  length  it  be- 
come llatioriary  and  retrograde,  and  fo  return  back 
again.  Birch’s  Hift.  of  the  Royal  Society,  vol.  3, 
p.  131. 

Dr.  Halley  has  given  a new  fyftem,  the  refult  of 
numerous  obfervations^  and  even  of  a number  of  voyages 
made  at  the  public  expence  on  this  account.  The  light 
which  this  author  has  thrown  upon  this  obfcure  part 
of  natural  hiftory,  is  very  great,  and  of  important 
confequence  in  navigation,  &c.  In  this  fy  lie  in  he  has 
reduced  the  fevcral  Variations  in  divers  places  to  a pre- 
cife  rule,  or  order,  which  before  appeared  all  precarious 
and  arbitrary. 

His  theory  will  therefore  deferve  a more  ample  detail. 
The  obfervaiionS  it  is  built  upon,  as  laid  down  in  the 
Philof.  'Tranf.  number  148,  or  Abr.  vol.  2,  p.  6x0,  are 
as  follow : 
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Upon  thefe  obferved  Variations  Dr.  Halley  makes 
feveral  remarks,  as  to  the  Variation  in  different  parts 
of  the  world  at  the  time  of  his  writing,  eaftward  and 
wellward,  and  the  fitnation  and  diredlion  of  the  lines 
or  places  of  no  Variation  ; from  the  whole  he  deduces 
the  following  theory. 

Dr.  HalUy^s  theory  of  the  Variation  of  the  Needle, 
*1  hat  the  wholc'g'lobe  tff  the  earth  is  one  great  magnet, 
having  four  magnetical  poles,  or  points  of  attradion  ; 
near  each  pole  of  the  equator  two  ; and  that  in  thofe 
parts  of  the  world  which  lie  nearly  adjacent  to  any  one 
of  thefe  magnetic  poles,  the  needle  is  governed  by  it ; 
the  neared  pole  being  always  predominant  over  the 
more  remote. 

Thd  pole  which  at  prefent  is  neared  to  us,  he  con* 
jedlnres  to  lie  in  or  near  the  meridian  of  the  Land’s-end 
of  England,  and  not  above  7°  from  the  north  pole  : by 
this  pole,  the  Variations  in  all  Europe  and  Tartary, 
and  the  North  Sea,  are  chiedy  governed  ; though  llill 
with  fome  regard  to  the  other  northern  pole,  whofe 
fituation  is  in  the  meridian  paffmg  about  the  middle 
of  California,  and  about  15*  from  the  north  pole  of 
the  world,  to  which  the  needle  has  chiefly  refpedf  in  all 
North  America,  and  in  the  two  oceans  on  either  fide 
of  it,  from  the  Azores  weflward  to  Japan,  and  farther. 

The  two  fouthern  magnetic  poles,  he  imagines,  are 
rather  more  diflant  from  the  fouth  pole  of  the  world  ; 
the  one  being  about  16°  from  it,  on  a meridian  20°  to 
the  w^eflvvard  of  the  Magellanic  Streights,  or  95°  w’eff 
from  London  ; this  pole  commands  the  needle  in  all 
South  America,  in  the  Pacific  Ocean,  and  the  greateff 
part  of  the  Kthiopic  Ocean.  The  other  magnetic 
pole  feems  to  have  the  greatefl  power,  an^  the  largeft 
dominion  of  all,  as  it  is  the  moft  remote  from  the  pole 
of  the  world,  being  little  lefs  than  2C°  diflant  from  It, 
in  the  meridian  which  paffes  through  New  Holland, 
and  the  ifland  Celebes,  about  120°  eaft  from  Lon- 
don : this  pole  is  predominant  in  the  fouth  part  of 
Africa,  in  Arabia,  and  the  Red  Sea,  in  Perfia,  India, 
and  its  iflands,  and  all  over  the  Indian  fea,  from 
the  Cape  of  Good  Hope  eaftward,  to  the  middle 
of  the  Great  South  Sea  that  divides  Alia  from  Ame- 
rica. 

Such,  he  obJerves,  feems  to  be  the  prefent  difpofi- 
tion  of  the  magnetic  virtue  thoughout  the  whole  globe 
of  the  earth.  It  is  then  fhewn  how  this  hypothefis  ac- 
counts for  all  the  Variations  that  have  been  obferved  of 
late,  and  how  it  anfwers  to  the  leveral  remarks  drawn 
from  the  table. 

It  is  there  inferred  that  from  the  whole  it  appears, 
that  the  diredlion  of  the  needle,  In  the  temperate 
and  frigid  zones,  depends  chiefly  upon  the  counter- 
polfe  of  the  forces  of  tw'o  magnetic  poles  of  the  fame 
nature : as  alfo  why,  under  the  fame  meridian,  the 
Variation  fliould  be  in  one  place  29^  degrees  w^ell, 
and  In  another  io\  degrees  eaft. 

In  the  torrid  zone,  and  particularly  about  the  equa- 
tor, rerpecl  muft  be  had  to  all  the  four  poles,  and 
their  pofitions  muft  be  well  confidered,  otherwile  it  will 
not  be  eafy  to  determine  what  the  Variation  Ihould  be, 
the  neareft  pole  being  always  ftrongeft  ; yet  fo  how- 
ever as  to  be  fometimes  counterbalanced  by  the  united 
forces  of  two  more  remote  ones.  Thus,  in  falling 
from  St.  Helena,  by  the  ifle  of  Afeeulion,  to  the 


equator,  on  the  north-weft  courfe,  the  Variation  is 
very  little  eafterly,  and  unalterable  in  that  whole 
track;  becaufe  tire  South-American  pole  (which  is 
much  the  neareft  in  the  aforefaid  places) , requiring  a 
great  eafterly  variation,  h countci  poifed  by  the  con- 
trary attradion  of  the  North- American  and  the  Afiatic 
fouth  poles;  each  of  w'hich  fingly^  is,  in  thefe  parts, 
weaker  than  the  American  fouth  pole  ; and  upon 
the  north-weft  courfe  the  diftance  from  this  latter  is 
very  little  varied ; and  as  you  recede  from  the  Afia- 
tic  fouth  pole,  tlie  balance  is  ftill  preferved  by  an  ac- 
cefs  towards  the  North-American  pole.  In  this  cafe  no 
notice  is  taken  of  the  European  north  pole  ; its  meri- 
dian being  a little  removed  from  thofe  of  thefe  places, 
and  of  itlelf  requiring  the  fame  Variations  which  are 
here  fouad. 

Alter  the  fame  manner  may  the  Variations  in  other 
places  aboir  the  equator  be  accounted  for,  upon  Dr* 
Halley’s  hypothefis. 

Vh  ohjerve  the  Variation  of  the  Veedle,  Draw  a me- 
ridian line,  as  direded  under  Meridian  ; tlien  a ftvie 
being  ereded  in  the  middle  of  it,  place  a needle  upon 
it,  and  draw  the  right  line  which  it  hangs  over, 
d.  bus  will  the  quantity  of  the  Variation  appear. 

Or  thus : As  the  former  method  of  finding  the  Va- 
riation cannot  be  applied  at  fea,  others  have  been  de- 
vifed,  the  principal  of  which  are  as  follow.  Sufpend 
a thread  and  plummet  over  the  compafs,  till  the  fha* 
dow  pals  through  the  centre  of  the  card  ; obferve  the 
rhumb,  or  point  of  the  compafs  which  the  fhadovv 
touches  when  it  Is  the  fliorteft.  For  the  lhadow  is 
then  a meridian  line;  and  confequently  the  Variation 
is  fhewn. 

Or  thus : Obferve  the  point  of  the  compafs  upon 
which  the  fun,  or  fome  ftai,  riffs  and  fets  ; bifed  the 
arch  Intercepted  between  the  rifing  and  fetting,  and 
the  line  of  bifedion  will  be  the  meridian  line  ; con- 
fequently the  Variation  is  had  as  before.  The  fame 
may  alfo  be  obtained  from  two  equal  altitudes  of  the 
fame  ftar,  obferved  either  by  day  or  night.  Or  thus  : 
Obferve  the  rhumb  upon  which  the  fun  or  ftar  riffs 
and  fets ; and  from  the  latitude  of  the  place  find  the 
eaflern  or  Aveltern  amplitude  : for  the  diflerence  be- 
tween the  amplitude,  and  the  diftance  of  the  rhumb 
obferved,  from  the  eafterii  rhumb  of  the  card,  is  the 
Variation  fought. 

Or  thus;  Obferve  the  altitude  of  the  fun,  or  fome 
ftar  S,  whofe  declination  is 
known  ; and  note  the  rhumb 
in  the  compafs  to  which  it 
then  correfponds.  Then  in 
the  triangle  ZP8,  are  known 
three  fides,  viz,  PZ.the  cola- 
titude, PS  the  codeclination, 
and  ZS  the  coaltitude  ; the  angle  PZS  is  thence 
found  by  fphcrical  trigonometry  ; the  fupplemcnt  to 
which,  viz  AZS,  is  the  azimuth  from  the  fouth. 
Tiien  the  difference  between  tlie  azimuth  and  the  ob- 
ferved diftance  of  the  rhumb  from  the  fouth,  is  the 
Variation  fought.  See  A-zlmuth  Compass. 

The  life  of  the  Variation  is  to  correct  the  courfes 
a fliip  has  fteered  by  the  compafs,  which  muff 
always  be  done  before  they  are  worked,  or  calcu- 
kited. 
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Variation  of  the  Variation^  is  a gradual  and  con- 
tinual change  in  the  Variation,  obferved  in  any  place, 
l)y  which  the  quantity  of  the  Variation  is  found  to  be 

different  at  different  times.  1 /•  i • 

This  Variation,  according  to  Henry  Bond  (in  his 
Longitude  founf  Lond.  1670,  pa.  6)  xvas  firft  found 
to  decreafe  by  Mr.  John  Mair ; 2dly,  by  Mi  . Ed- 
mund Gunter:  sdly,  by  Mr,  Henry  Gelhbrand ; 
Athly,  by  myfelf  (Henry  Bond)  in  1640  ; and  laitly, 
by  Dr.  Robert  Hook,  and  others,  in  166^  which 
they  found  out  by  comparing  together  oblervations 
made  at  the  fame  place,  at  different  times.  The  dil- 
cOvery  was  foon  known  abroad  ; for  Kircher,  m liis 
treatife  intitled  Magnes,  firlf  printed  at  Rome  m 
1641,  fays  that  our  countryman  Mr.  John  Greaves 
bad  informed  him  of  it,  and  then  he  gives  a letter 
of  Mcrfenne’s,  containing  a diftind  account  of  it. 

This  continual  change  in  the  Variation,  is  gra- 
dual and  univerffil,  as  appears  by  numerous  obfervations. 
Thus,  the  Variation  was, 

At  Paris,  according  to  Orontius  Finseus, 

in  1550  - 8*^  o'E. 

in  1640  - 3 o E. 

in  1660  -00 
in  1681  - 2 2W. 

in  1759  - 18  loW. 
in  1760  - 18  20W. 

M.  De  la  Lande  (Expofition  du  Calciil  Aftronomique) 
ob'ferves,  that  the  Variation  has  changed,^  at  Paris, 
26°  20'  in  the  fpace  of  1 50  years,  allowing  that  in 
1610  the  Variation  was  8°  E:  and  fincc  1740  the 
needle,  which  was  always  ufed  by  Maraldi,  is  more 
than  3°  advanced  toward  the  weE,  beyond  what  it  was 
at  that  period which  is  a change  after  the  rate  nearly 

of  9't 

At  Cape  d’ Agulhas,  in  1600,  it  had  no  Variation  ; 
(whence  the  Portuguefe  gave  it  that  name)  ; 

in  1622  it  was  2°W. 
in  1675  - 8 W. 
in  1692  - II  W. 

which  is  a change  of  nearly  8 per  year. 

At  St.  Helena,  the  Variation,  in  1600  was  8®  oT. 

in  1623  - 6 o E. 

in  1677  - o 40  E. 

in  1692  . X o W, 

which  Is  a change  of  nearly  fi  per  year. 

At  Cape  Comorin,  the  Variation, 

in  1620  was  14°  20/VV. 
in  1680  - 8 44  W. 

in  1688  - 7 30  VV. 

which  is  a change  df  nearly  6 k year. 

At  London,  the  Variation,  in  1580  was  11°  15' E. 

in  1622  - 6 o E. 

in  1634  - 4 5 E. 

* in  1657  - o o 

in  1672  - 2 30  W. 

in  1692  -60  W. 

in  1723  - 14  17  W. 

in  1747  - 17  40  W. 

in  1780  - 22  41  W. 


which  is  a change  after  the  rate  of  lo^  per  year,  upon 
a courfe  of  exadly  200  years.  See  Philof.  Tranf. 
No.  148  and  No.  383,  or  Abr.  vol.  2,  p.  615,  and 
vol.  7,  p.  290  ; and  Philof.  Tranl.  vol.  4),p.  280,  and 
vol.  66,  p.  393.  On  the  fubjed  of  the  Variation,  fee 
alfo  Norman’s  New  Auradive  1614;  Burrows’s  Difco- 
very  of  the  Variation  1581  ; Bond’s  .Longitude  found, 
1676;  &c. 

Mr.  Thomas  Harding,  in  the  Tranfadions  of  the 
Royal  Irifh  Academy,  vol.  4,  has  given  obfervations 
on  the  Variation  of  the  magnetic  needle,  at  Dublin, 
which  are  rather  extraordinary.  He  fays  the  change 
in  the  Variation  at  that  place  is  uniform.  That  from 
the  year  1637,  in  which  the  Variation  was  nothing 
(the  fame  as  at  London  in  that  year),  it  has  been  going 
on  at  the  medium  rate  of  12'  20"  annually,  and  was 
in  May  1791,  27®  23^we{l:  exceeding  that  at  London 
now  by  3 or  4 degrees.  He  brings  proof  of  his  affer- 
tioa  of  the  uniformity  of  the  Variation,  from  different 
authentic  records,  and  ftates  the  operations  by  vyhich  it 
is  calculated.  He  concludes  with  recommending  ac- 
curacy m marking  the  exiffing  Variation  when  maps 
are  made,  as  not  only  conducing  to  the  exad  definition 
of  boundaries,  but  as  laying  the  bell  foundation  for  a 
difeovery  of  the  longitude  by  fea  or  land. 

Lheory  of  the  Variation  of  the  V ariation.  According 
to  Dr.  Halley’s  theory,  this  change  in  the  Variation  of 
the  compafs,  is  luppofed  owing  to  the  difference  of  velo- 
city in  the  motions  of  the  internal  and  external  parts 
of  the  globe.  From  the  obfervations  that  have  been 
cited,  it  feems  to  follow,  that  all  the  magnetical  poles 
have  a motion  weEward,  but  yet  not  exaftly  round  the 
axis  of  the  earth,  for  then  the  Variations  would  conti- 
nue the  fame  in  the  fame  parallel  of  latitude,  contrary 
to  experience. 

From  the  difagreement  of  fuch  a fuppofition  with 
experiments  therefore,  the  learned  author  of  the  theory 
invented  the  following  hypothefis  : The  external  parts* 
of  the  globe  he  confiders  as  the  Eiell,  and  the  internal  as 
a nucleus,  or  inner  globe  ; and  between  the  two  he  con- 
ceives a fluid  medium.  That  inner  earth  having  the 
fame  common  centre  and  axis  of  diurnal  rotation,  may 
revolve  with  our  earth  every  24  hours  : Only  the  outer 
fphere  having  its  turbinating  motion  fomewhat  fwifter 
or  flower  than  the  internal  ball  ; and  a very  minute 
difference  in  length  of  time,  by  many  repetitions,  be- 
coming fen  Able  ; the  internal  parts  will  gradually  recede 
from  the  external,  and  they  will  appear  to  move, 
either  eaflward  or  w^eflward,  by  the  difference  of 

their  motion  ci*  ^ 

Now,  fuppofingfuchan  internal  fphere,  having  fuch 
a motion,  the  two  great  difficulties  in  the  former  hy- 
pothefis are  eafily  folved ; for  if  this  exterior  Eiell  of 
earth  be  a magnet,  having  its  pole  at  a diflance  from 
the  poles  of  diurnal  rotation  ; and  if  the  internal 
nucleus  be  likewife  a magnet,  having  its  poles  in  two 
other  places,  diflant  alfo  from  the  axis ; and  thefe  lat- 
ter, by  a flow  gradual  motion,  change  their  place  in 
refped  of  the  external,  a reafonable  account  may  then 
be  given  ol  the  four  magnetical  poles  before  rnentioned, 
and  alfo  of  the  changes  of  the  needle’s  Variation. 

The  author  thinks  that  two  of  thefe  poles  are  fixed, 
and  the  other  two  moveable  ; viz,  that  the  fixed 
are  the  poles  of  the  €.xternal  cortex  or  Exell  of  tne 
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earth ; and  the  other  the  poles  of  the  magnetical 
nucleus,  included  and  moveable  within  the  former.  From 
the  obfervations  he  infers,  that  the  motion  is  wcftwards, 
and  confequently  that  the  nucleus  has  not  precifely 
attained  the  fame  velocity  with  the  exterior  parts  in 
their  diurnal  rotation  ; but  fo  very  nearly  equals  it,  that 
in  56)  revolutions  the  difference  is  fcarcely  fenfible.. 

That  there  is  any  difference  of  this  kind,  arifes  from 
hence,  that  the  impulfe  by  which  the  diurnal  motion 
was  impreffed  on  the  eaith,  was  given  to  the  external 
parts,  and  from  thence  in  time  communicated  to  the 
internal  ; but  fo  as  not  yet  perfedbly  to  equal  the  velo- 
city of  the  hrft  motion  impreffed  on  the  fuperficial 
parts  of  the  globe,  and  ftill  preferved  by  them. 

As  to  the^precife  period,  obfervations  are  wanting 
to  determine  it,  though  the  author  thinks  we  may  rta- 
fonably  conjedure  that  the  American  pole  has  moved 
weifward  46°  in  90  years,  and  that  its  whole  period  is 
performed  in  about  700  years. 

Mr.  Whifton,  in  his  New  Laws  of  Magnetifm, 
raifes  feveral  objed  ions  again  ft  this  theory.  See  Mag- 
netism. 

M.  Euler,  too,  the  fon  of  the  celebrated  mathe- 
matician of  that  name,  has  controverted  and  cenfured 
Dr.  Halley’s  theory.  He  thinks,  that  two  magnetic 
poles,  placed  on  the  furface  of  the  earth,  will  fuflici- 
ently  account  for  the  Variation  : and  he  then  endea- 
vours to  fhew,  how  we  may  determine  the  declination 
of  the  needle,  at  any  time,  and  on  every  part  of  the 
globe,  from  this  hypothefis.  For  the  particulars  of 
this  reafoning,  fee  the  Hiftoire  de  PAcademie  des 
Sciences  & Belles  Lettres  of  Berlin,  for  1747;  alfo 
IMr.  Cavallo’s  Treatife  on  Magnetifm,  p.  1 17. 

V ariation  of  the  Needle  hy  Heat  and  Cold. — There  is 
a fmall  Vaiiation  of  the  Variation  of  the  magnetic 
needle,  amounting  only  to  a few  minutes  of  a degree 
in  the  fame  place,  at  different  hours  "of  the  fame  day, 
which  is  only  difcovtrable  by  nice  obfervations.  Mr. 
George  Graham  made  feveral  obfervations  of  this  kind 
in  the  years  1722  and  1723,  profeffing  liimfelf  alto- 
gether ignorant  of  the  caufe  of  the  phenomena  he 
obferved.  Philof.  Tranf.  No.  383,  or  Abr.  vol.  7, 
p.  290. 

About  the  year  175c,  Mr.  Wargentin,  fecretary  of 
tlie  Swedifli  Academy  of  Sciences,  took  notice  both 
of  the  regular  diurnal  Variation  of  the  needle,  and 
alfo  of  its  being  difturbed  at  the  time  of  the  aurora 
borealis,  as  recorded  in  the  Philof.  Tranf.  vol.  47, 
p.  126. 

x^bout  the  year  1756,  Mr.  Canton  ccm.menced  a 
feries  of  obfervations,  amounting  to  near  4000,  with 
an  excellent  Variation-compafs,  of  about  9 inches 
diameter.  The  number  of  days  on  wdiich  thefe  obfer- 
vations were  made,  was  603,  and  the  Diurnal  Varia- 
tion on  574  of  them  was  regular,  fo  as  that  the  abfo- 
lute  Variation  of  the  needle  weftward  was  increaftng 
from  about  8 or  9 o’clock  in  the  morning,  till  about  i 
or  2 in  the  afternoon,  when  the  needle  becam.e  ftation- 
iry  for  fome  time  ; after  that,  the  abfolute  Variation 
weftward  was  decreafing,  and  the  needle  came  back 
^gain  to  its  former  fituation,  or  nearly  fo,  in  tlie  night, 

)r  by  the  next  morning.  The  Diurnal  Variation  is 
rregular  when  the  needle  moves  flowly  eaftward  in  the 
alter  part  of  the  morning,  or  weftward  in  the  latter 


pai  t of  the  afternoon  | alfo  when  it  moves  much  either 
way  after  night,  or  fuddenly  both  ways  in  a fliort  time. 
Thefe  irregularities  leldom  happen  more  than  once  or 
twme  in  a month,  and  are  always  accompanied,  as  far 
as  Mr  . Canton  obferved,  with  an  aurora  borealis. 

hxi.  Canton  lays  down  and  evinces,  by  experiment 
the  following  principle,  viz,  that  the  attradllve  power 
of  the  magnet  (whether  natural  or  artificial)  will  de- 
creafe  while  the  magnet  is  heating,  and  increafe 
while  It  IS  cooling.  He  then  proceeds  to  account 
for  both  the  regular  and  irregular  Variation.  Tt 
IS  evident,  he  fays,  that  the  magnetic  parts  of  the 
earLh  in  the  north,  on  the  eaft  lide,  and  on  the  weft 
lide  of  tlie  magnetic  meridian,  equally  attradl  the 
north  end  of  tlie  needle.  If  then  the  eaftern  ma^metic- 
paits  be  heated  fafter  by  the  fun  in  the  m.orning,  than 
the  weftern  parts,  the  needle  will  move  weftwaM,  and 
the  abfolute  Variation  will  increafe  : when  the  attrad* 
mg  parts  of  the  earth  on  each  fide  of  the  magnetic 
meridian  have  their  heat  increaling  equally,  the  needle 
will  be  ftationary,  and  the  abfolute  Variation  will  then 
be  gieateft  ; but  when  the  weftern  magnetic  parts  are 
either  heating  fafter,  or  cooling  flower,  than  the 
eaftern,  the  needle  will  move  eaftward,  or  the  abfolute 
Variation  will  decreafe  ; and  when  the  eaftern  and 
weftern  magnetic  parts  are  cooling  equally  fall,  the 
needle  wiL  again  be  ftationary,  and  the  abfolute  Vari- 
ation will  then  be  leaft. 

Ly  this  theory,  the  Diurnal  Variation  in  the  fiimmer 
ought  to  exceed  that  in  winter;  and  accordingly  it  is 
found  by  obfervation,  that  the  Diurnal  Variation  in 
the  months  of  June  and  July  is  almoll  double  of  that 
in  December  and  January. 

The  irregular  Diurnal  Variation  muft  arife  from  fome 
other  caufe  than  that  of  heat  communicated  by’’  the 
fun  ; and  liere  Mr.  Canton  has  recourfe  to  fubterranean 
heat,  which  is  generated  without  any  regularity  as  to 
time,  and  which^  will,  when  it  happens  in  the  north, 
affed  the  attradive  power  of  the  magnetic  parts  of  the 
earth  on  the  north  end  of  the  needle.  That  the  air 
neareft  the  earth  will  be  moft  warmed  by  the  heat  of  it, 
is  obvious ; and  this  has  been  often  noticed  in  the 
morning,  before  day,  by  means  of  thermometers  at  dif- 
ferent diftances  from  the  ground.  Philoft  Tranf.  voL 
48,  pa.  526. 

Mr.  Canton  has  annexed  to  his  paper  on  this  fubjed, 
a complete  year  s obfervations  ; from  which  it  appears, 
tliat  the  Diurnal  Variation  increafes  from  January  to 
June,  and  decreafes  from  June  to  December.  Philof. 
Tranf.  vol.  31,  pa.  398. 

It  has  alfo  been  obferved,  that  different  needles,  ef- 
pecially  if  touched  with  different  loadftones,  will  differ 
a few  minutes  in  their  Variation.  See  Poleni  Epift. 
Phil.  Tranf.  num.421. 

Dr.  Lorimer  (in  the  Siipp.  to  Cavallo’s  Magnetifm) 
adduces  fome  ingenious  obfervations  on  this  fubjed.  It 
muft  be  allowed,  fays  he,  according  to  the  obfervations. 
of  feveral  ingenious  gentlemen,  that  the  colledive  mag-, 
netifra  of  this  earth  arifes  from  the  magnetifm  of  all  the 
ferruginous  bodies  contained  in  it,  and  that  the  mag-, 
nctic  poles  fhould  therefore  beconfidered  as  the  centres 
of  the  powers  of  thofe  magnetic  fubilances.  Thefe 
poles  muft  therefore  change  their  places  according  as, 
the  magnetifm  of  fuch  fubftanccs  is  affeded ; and  if 
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with  Mr.  Canton  we  allow,  tliat  tlie  general  caufe  of 
the  Diurnal  Variation  arifes  from  the  fun’s  heat  in  the 
forenoon  and  afternoon  of  the  fame  day,  it  will  naturally 
occur,  that  the  fame  caufe,  being  continued,  may  be 
fufficient  to  produce  the  general  Vanation^of  the  mag- 
netic needle  for  any  number  of  years,  hor  we  muit 
confider,  that  ever  Inice  any  attentive  obfervations  have 
been  made  on  tins  fulijedl,  the  natural  diiection  of  the 
magnetic  needle  in  Europe  has  been  conllantly  moving, 
from  weft  to  eaft,  and  that  in  other  parts  of  the  world 
it  haa  continued  its  motion  with  equal  conilancy. 

As  we  muft  therefore  admit,  fays  Dr.  h orimer, 
that  the  heat  in  the  different . feafons  depends  chiefly  on 
the  fun,  and  that  the  months  ol  July  and  Au^guft  are 
commonly  the  hottefl,  while  Januaiy  and  lebruaiy 
are  tlie  coldeft  months  of  the  year  j and  that  the  tempe- 
rature of  the  other  months  falls  Into  the  refpeaive  in- 
termediate degrees  ; fo  we  muff  confider  tne  influence 
of  heat  upon  magnetifm  to  operate  in  the  like  manner, 
viz,  that  for  alhort  time  it  fcarcely  manifefts  itfelf ; yet 
in  the  courfe  of  a century,  the  conilancy  and  regularity 
of  it  becomes  fufficlently  apparent.  It  would  there- 
fore be  idle  tofuppofe,  that  fuch^an  influence  could  be 
derived  from  an  uncertain  or  fortuitous  caufe.  But  if  it 
be  allowed  to  depend  upon  the  conilancy  of  the  fun’s 
motion,  and  this  appears  to  be  a caufe  fufficient  to  ex- 
plain the  phenomena,  we  (hould  (agreeably  to  New- 
ton’s  firft  law  of  philofophizing)  look  no  farther. 

As  we  therefore  confider,  fays  he,  the  magnetic 
powers  of  the  earth  to  be  concentrated  in  the  magnetic 
poles,  and  that  there  is  a diurnal  Variation  of  the  mag- 
netic needle,  thefe  poles  muft  peifoim  a fmall  diurnal 
revolution  proportional  to  fuch  Variation,  and  return 
again  to  the  fame  point  nearly.  Suppofe  then  that  the 
fim  in  his  diurnal  revolution  paffes  along  the  northern 
tropic,  or  along  any  parallel  of  latitude  between  It  and 
the  equator,  when  he  comes  to  that  meridian  in  which 
the  magnetic. pole  Is  fituated,  he  will  be  much  nprer 
to  it,  than  in  any  other ; and  In  the  oppofite  meridian 
he  will  of  courfe  be  the  fartheft  from  it.  As  the  in- 
fluence of  the  fun’s  heat  will  therefore  ad  moft  power- 
fully at  the  leaft,  and  lefs  forcibly  at  the  greateft  dlf- 
tance,  the  magnetic  pole  will  confequently  defcribe  a 
figure  fomething  of  the  elliptical  kind  ; and  as  it  is 
v\^ll  known  that  the  greateft  heat  of  the  day  is  fome 
time  after  the  fun  has  paffed  the  meridian,  the  longed 
axis  of  this  elliptical  figure  will  lie  north-eaflerly  in  the 
northern,  and  fouth-eafterly  in  the  fouthern  hemifphere. 
Again,  as  the  influence  of  the  fun’s  heat  will  not  from 
thofe  quarters  have  fo  much  power,  the  magnetic  poles 
cannot  be  moved  back  to  the  very  fame  point, from  which 
they  fet  out ; but  to  one  which  will  be  a little  more 
northerly  and  eafterly,  or  more  foutherly  and  eafterly, 
according  to  the  hemifpheres  in  which  they  aie  fituated. 
The  figures  therefore  which  they  defcribe,  may  more 
properly  be  terme-d  elUptoIdal  fpirals. 

In  this  manner  the  Variation  of  the  magnetic  needle 
in  the  northern  hemifphere  may  be  accounted  for.  But 
with  refped  to  the  fouthern  hemifphere  we  muft  recoi- 
led, that  though  the  lines  of  declination  in  the  north- 
•cni  hemifphere  have  conftantly  moved  from  weft  to 
caft,  yet  in  the  fouthern  hemifphere,  it  is  equally  cer- 
tain tliat  they  have  moved  from  eaft  to  weft,  ever  fince 
any  obfervations  have  been  made  on  the  fubjed.  Hence 
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then  the  lines  of  magnetic  declination,  or  Halleyan 
curves,  as  they  are  now  commonly  called,  appear  to- 
havea  contrary  motion  in  the  fouthern  hemifphere,  to 
what  they  have  in  the  northern  ; though  both  the  mag- 
netic poles  of  the  earth  move  in  the  fame  diredion, 
that  is  from  weft  to  eaft. 

In  the  northern  hemifphere  there  was  a line  of  no 
Variation,  which  had  eaft  Variation  on  its  eaftern 
fide,  and  weft  Variation  on  its  weftern  fide.  This 
line  evidently  moved  from  weft  to  eaft  during  the 
two  laft  centuries  ; the  lines  of  eaft  Variation  moving 
before  it,  while  the  lines  of  weft  Variation  followed  it 
with  a proportional  pace.  Thefe  lines  firft  paffed  the^ 
Azores  or  Weftern  Iflands,  then  the  meridian  of  Lon- 
don, and  after  a certain  number  of  years  lllil  later,  they 
paffed  the  meridian  of  Paris.  But  in  the  fouthern  he- 
raifphere  there  was  another  line  of  no  Variation,  which 
had  eaft  Variation  on  its  weftern,  fide,  and  weft  Varia- 
tion on  its  eaftern;  the  lines  of  call  Variation  moving 
before  it,  while  thole  of  the  weft  Variation  followed  it. 
This  line  of  no  Variation  firft  palled  the  Cape  des  Ai- 
guilles, and  then  the  Cape  of  Good  Hope ; the  lines 
of  5°,  10°,  15°,  and  20°  weft  Variation  following  it, 
the  fame  as  was  the  cafe  in  the  northern  hemifphere, 


but  in  the  contrary  diredion. 

We  may  juft  farther  mention  the  idea  of  Dr.  Gowm 
Knight,  which  was,  that  this  earth  had  origmally  re- 
ceived  its  magnetifm,  or  rather  that  its  magnetical  pow- 
ers had  been  brought  into  adion,  by  a Ihock,  which 
entered  near  the  fouthern  tropic,  and  paffed  out  at  the 
northern  one.  His  meaning  appears  to  have  been,  that 
this  was  the  courfe  of  the  magnetic  fluid,  and  that  the 
magnetic  poles  were  at  firft  diametrically  oppofite  to 
Vach  other.  Though,  according  to  Mr.  Canton’s  doc- 
trine, they  would  not  have  long  continued  fo  ; for 
from  the  intenle  heat  of  the  fan  in  the  torrid  zone,  ac- 
cording to  the  principles  already  explained,  the  noith 
pole  muft  have  foon  retired  to  the  north-eaftward,  and 
the  fouth  pole  to  the  fouth-eaftward.  It  is  alfo  curious 
to  obferve,  that  on  account  of  the  fouthern  hemifphere 
being  colder  upon  the  whole  than  the  northern^  benii- 
fphere,  the  magnetic  poles  would  have  moved  with  un- 
equal pace  : that  is,  the  north  magnetic  pole  would 
have  moved  farther  in  any  given  time  to  the  north-eaft, 
than  the  fouth  magnetic  pole  could  have  moved  to  the 
fouth-eaft.  x^nd,  according  to  the  opinions  of  the 
moft  ingenious  authors  on  this  fubje6l,  it  is  generaby 
allowed,  that  at  this  time  the  north  magnetic  pole  is 
confiderably  nearer  to  the  north  pole  ol  the  earth,  than 
the  fouth  magnetic  pole  is  to  the  iouth  pole  of  the  eaith. 

It  may  farther  be  added,  that  feveral  ingenious  fea 
officers  are  of  opinion,  that  in  the  Aveftern  parts  of  the 
Englifli  Channel  the  Variation  of  the  magnetic  needle 
has  already  begun  to  decreafe  ; having  in  no  part  of  it 

ever  amounted  to  25^.  There  are  however  other  per- 

fons  who  affert  that  the  Variation  is  ftill  increaling  in 
the  Channel,  and  as  far  weftward  as  the  1 degree^ot 
longitude  and  51°  of  latitude,  at  which  place  they  lay 

that  it  amounts  to  about  30°.  . , 

Of  the  Variation  Chart.  DoiStor  Halley  having  co  - 

lefted  a multitude  of  obfervations  made  on  the  Variation 

of  the  needle  in  many  parts  of  the  world,  was  hence 

enabled  to  draw,  on  a Mercator’s  chart,  ceitain 

ffiewing  the  Variation  of  the  compafs  in  all  toe 
^ places 
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places  over  which  they  pafTed,  in  the  year  1 700,  when 
he  publiflied  the  hrll  chart  of  this  kind,  called  the 
V'ariation  Chart. 

From  the  conftrudtioii  of  this  chart  it  appears,  tliat 
the  longliude  of  any  of  thofe  places  may  be  found  by 
it,  when  the  latitude  and  the  Variation  in  that  place 
are  known,  dims,  having  toiuid  the  Variation  of  the 
compafs,  draw  a parallel  of  latitude  on  tlie  chait 
through  the  latitude  found-  by  obfervation  ; and-  the 
point  whicre  It  cuts  the  cinvcd  line,  whofe  Variation  is 
the  fame  with  that  ol^feiVed,  will  he  the  Ihip’s  place. 
A fimllar  projeff  of  tlms  rmding*  the  longitude,  from 
the  known  latitude  and  inclination  or  dip  of  tlie  needle, 
was  before  propofed  by  Hcniy  Bond,  in  his  treatiie 
intitled,  The  Longitude  Found,  printed  in  1676. 

This  method  however  Is  attended  with  two  con- 
fiderable  inconveniences:  ill,  That  wherever  the  Va- 
riation lines  run  ealf  and  weft,  or  nearly  fo,  this  wny 
of  fnding  the  longitude  becomes  imperfee^ft,  as  their 
interrectiou  with  tliC  parallel  01  latitude  muft  be  very 
indefuite : and  among  all  the  tuuling  parts  of  the 
world,  thivS  Imperfection  is  at  prefent  found  chiefly  on 
the  wcfterii  coafts  of  Europe,  between  tlic  latitudes  of 
45°  and  ; and  on  the  eallern  fliores  of  North  Ame- 
rica, with  fome  parts  of  the  Weftern  Ocean  and  Flud- 
foiBs  Bay,  lying  between  the  laid  fliores  : but  for  tlie 
other  parts  of  the  world,  a Variation  Chart  may  Ire 
attended  with  confiderablc  heneflt.  However,  the 
Variation  curves,  when  they  run  eaft  and  weft,  may 
fometimeshe  applied  to  g'ood  puvpofc  in  corredling  the 
latitude,  wlien  meridian  obfcrvations  cannot  be  liad,  as 
it  often  happens  on  the  norlliern  coafts  of  America,  in 
the  Weftern  Ocean,  and  about  Newfoundland ; for 
if  the  Variation  can  be  obtained  exadfly,  tlien  the 
call  and  weft  curve,  anfwciiug  to  the  Variation  in  the 
chart,  will  fliew’  the  latitude. 

2dly,  As  the  deviation  of  the  magnetical  meridian, 
from  the  true  one,  is  fulijedt  to  continual  alteration, 
therefore  a chart  to  wlilch  the  Variation  lines  are  fitted 
for  any  year,  muft  in  time  become  nfelefs,  unlefs  new 
hues,  file  wing  the  ftate  of  the  Variation  at  that  time, 
be  drawn  011  the  chart:  but  as  the  change  in  the  Va- 
riation is  very  flow,  therefore  new  Variation  Charts 
pubhTned  every  7 or  8 years,  will  anfwer  the  purpofe 
tolerably  well.  And  thus  It  lias  happened  that 
Halley’s  Variation  Chart  has  become  iifelefs,  for 
want  of  encouragement  to  renew  it  from  time  to 
■frime. 

How^ever,  in  the  year  1744,  FTr.  William  iMountaine 
and  Mr.  Jiuiies  Dodfon  publillied  a new  Variation 
Chart,  adapted  for  that  year,  which  was  well  received  ; 
and  feveral  Inftances  of  its  great  utility  having  been 
corarannicated  *to  them,  they  fitted  the  Variation  lines 
anew  for  tlie  year  1756,  and  in  the  following  year 
publhhed  the  3d  Variation  Chart,  and  alfo  prefented 
to  the  Royal  Society  a curious  paper  concerning  the 
Variation  ol  the  magnetic  needle,  with  a fet  of  tables 
annexed,  containing  the  refult  of  upwards  of  50 
thoufand  obfcrvations,  in  fix  periodical  reviews,  from 
the  year  1700  to  1776  Inchifive,  and  adapted  to  every 
3 degrees  of  latitude  and  longitude  in  the  more  fre- 
quented oceans  ; which  paper  and  tables  were  printed 
in  the  d’ranfadfious  for  the  year  17  57. 

From  thefe.  tables  of  obfcrvations,  fuch  ex-t^ordi- 
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nary  and  wliimficial  irregularities  occur  in  the  Variation^ 
that  we  cannot  think  it  wholly  under  the  diredlion  of 
one  general  and  uniform  law ; but  rather  conclude, 
with  Dr.  Gowen,.  in  the  H/th  prop,  of  his  Treatife 
upon  Attraflion  and  Repulfion,  that  it  is  influenced 
by  various  and  different  magnetic  attradfions,  perhaps 
occafioned  by  the  lieterogeueous  compofltions  in  the 
great  magnet,  the  earth. 

Many  other  obfcrvations  on  the  Variation  of  the 
magnetic  needle,  are  to  be  found  in  feveral  volumes 
of  the  Pluiof.  Traifl.  See  particularly  vol.  48,  p.  875  ; 
voh  50,  p.  329:  vol.  56,  p.  220;  and  vol.  61, 


p.  422. 

Variation  Ccml\ifs,  * See  Com  pass, 

\ARiArioN  of  Cairvature,  in  Geometry,  is  ufed  for 
that  inequality  or  change  which  takes  place  in  the  cur- 
vature of  all  curves  except  the  crcle,  by  which  their 
curvature  is  more  or  lefs  in  dilierent  parts  of  them. 
And  this  Variation  conftitutes  the  quality  of  the  cur- 
vature of  any  line. 

Newton  makes  the  index  of  the  inequality,  or  ^^aria- 
tion  of  Curvature,  to  be  the  ratio  of  tlie  fluxion  of  the 
radius  of  curvature.to  the  fluxion  of  the  curve  itfelf : 
and  hlaclaunn,  to  avoid  the  perplexity  that  dlflerent 
notions,  connected  with  the  fame  terms,  occafioii  to 
learners,  has  adopted  the  fame  definition  : but  hefug- 
gefts,  that  this  ratio  gives  gather  the  Variation  of  the 
ray  of  curvature,  and  that  it  fuiglit  have  been  proper 
to  have  meafiired  the  Variation  of  Curvature  ratlier  by 
the  ratio ’of  the  fluxion  of  the  curvature  itfelf  to  the 
fluxion  of  the  curve  ; fo  tliat,  the  curvature  being  in- 
verfely  as  the  radius  of  curvature,  and  confequently  its 
fluxion  as  tlie  fluxion  of  the  radius  itlelf  diredfly,  and 
the  fquarc  of  the  radius  inverfely,  its  Variation  would 
have  been  direcfly  as  the  meafure  of  it  according  to 
Newton’s  definition,  and  inverfely  as  the  fquarc  of  the 
radius  of  curvature. 

According  to  this  notion,  it  would  have  been  mca- 
fured  by  the  angle  of  contatf  contained  by  the  curve 
and  circle  of  curvature,  in  the  fame  manner  as  the  cur- 
vature itfelf  is  mcafured  by  the  angle  of  contad  con- 
tained by  the  curve  and  tangent.  Tlie  reafon  of  this 
remark  may  appear  from  this  example  : The  Variation 
of  curvature,  according  to  Newton’s  explication,  is 
uniform  in  the  logarithmic  fpiral,  the  fluxion  of  the 
radius  of  curvature  In  this  figure  being  always  in  the 
fame  ratio  to  the  fluxion  of  the  carve  ; and  yet,  while 
tlie  fjn'ral  is  produced,  though  its  curvature  decreaies, 
it  never  vanifiies  ; wliich  muft  appear  a ftrange  paradox 
to  thofe  who  do  not  attend  to  the  import  of  Newton’s 
definition.  Newtfin’s  Method  of  Fluxions  and  Inf, 
Series,  pa.  76,  Machurin’s  Iflux.  art.  386.  Phiiof. 
Tranl.  num.  46S,  pa.  1142. 

The  Variation  of  curvature  at  any  point  of  a conic 
feftion.  Is  always  as  the  tangent  of  the  angle  contained 
by  the  diameter  that  pafl'es  through  the  point  of  con- 
tact, and  the  perpendicular  to  the  curve  at  the  fame 
point,  or  to  the  angle  formed  by  the  diameter  of  the 
feclioii,  and  of  the  circle  of  curvature.  Hence  the  Va- 
riation of  curvature  vanidies  at  the  extremities  of  either 
axis,  and  is  greatelb  when  • the  acute  angle,  contained 
by  the  diameter,  pafling  tiirough  the  point  of  contad 
and  the  tangent,  is.lcaft. 

When'  the  ccmic  fedion  is  a parabola,  the  Variation  is 
4 -N  ^ as 
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as  the  tangent  of  the  angle,  contained  by  the  right  line 
drawn  from  the  point  of  contadt  to  the  focii^,  and  the 
perpendicular  to  the  curve.  See  Curvature. 

From  Newton’s  definition  may  be  derived  praftical 
rules  for  the  Variation  of  curvature,  as  follows  ; 

I.  Find  the  radius  of  curvature,  or  rather  its  fluxion  ; 
then  divide  this  fluxion  by  the  fluxion  of  the  curve,  and 
the  quotient  will  give  the  Variation  of  curvature  ; ex- 
terminating tlie  fluxions  when  neceffary,  by  tLie  equa- 
tion of  the  curve,  or  perhaps  by  exprefilng  their  ratio 
by  help  of  the  tangent,  or  ordinate,  or  fubnorrnal, 

3 

2\  Since  , or (putting  a — i ) denotes 


the  radius  of  curvature  of  any  curve  whole  abfcils  is 
.r,  and  ordinatej  ; if  the  fluxion  of  this  be  divided  by 
«,  and  x and  z be  exterminated,  the  general  value  of  the 

Hh  y (t  ‘h 


Variation  will  come  out 


; thei^ 


fubfliluting  the  values  of  y,  ji  (found  from  the  equa- 
tion of  the  curve)  into  this  quantity,- itiwill  give  the 
Variation  fought. 

Ex.  Let  the  curve-  be  the  parabola,  whofe  equation 
m ax  — Here  then  lyy  ~ ax  rr  andj?  = — ; 


hence- j;  =: 
Therefore 
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lion  fought.  Emerfon’s  Flux.  pa.  228; 

VARIGNON  (Peter),  a celebrated  French  ma- 
thematician and  prieft, . was  born  at  Caen  in  16^4,  and 
died  fuddenly  in  1722,  at  68  years  of  age.  He  w^as- 
the  fon  of  an  archltedl  iii  middling  circumft'ances,.  but 
had  a college  education,  being  intended  for  the  church. 
An  accident  threw  a copy  of  Euclid’s  Elements  in  his 
way,  which  gave  him  a flrongturn  to  that  kind  oflearn- 
ing,-.  The  fludy  of  geometry  led  him  to  the  works  of 
Des  Cartes  on  the  fame  fcience,  and  there  he  was  ffruck 


with  that  new'  light  which  has,,  from  thence,  fpread' 
aver  the  world. 

He  abridged' himfelf  of  the  neceflaries  of  life  to  pur- 
chafe  books  of  this  kind,  or  rather  conlidered  them  of 
that  number,  as  indeed  they  ouglit  to  be.  What  con- 
tributed to  heighten  this  pafOon  in  him  was,  that  he 
fludied  In  private  i for  Ids  relations  obferving  that  the 
hooks  he  fiudied  were  not  fuch  as  were  commonly  ufed 
by  others,  ftrongly  oppofed  his  application  to  them. 
As  there  was  a necefiity  for  his  being  an  ecclefjafllc,  he. 
continued  his  theological  fludies,  yet  not  entirely  facri- 
lacing  his  favourite  fubjedf  to  them. 

At  this  time  the  Abbe.  St.  Pierre,  who  ftudled  phi^ 
lofophy  in  the  fame  college,  became  acqxrainted  with 
him..  A tafle  in  common  for  rational  fubjedls,  wdie- 
ther  phyfics  or  metaphyfics,  and  continual  dirputatlons, 
formed  the  bonds  of  their  friendfliip.  They  were  mu- 
tually fcrviceable  to  each  other  in  their  fludies.  The 
Abbe,  to  enjoy  Varlgnon-’e  company  with  greater  eafe, 
lodged  him  wdth  jhimftlf ; thus,  growing  itIU.;  iiiore 


fenfible  of  his  merit,  he  refolved  to  give  him  a fortune, 
that  he  might  fully  purfue  his  genius,  and  improve  his 
talents;  and,  out  of  only  18  hundred  livres  a yeaig. 
which  he' had  himfelf,  he  conferred  300  of  them  upon 
Varignon. 

The  Abbe,  perfuaded  that  he  could  not  do  better 
than  go  to  Paris  to  iludy  pliilofophy,  fettled  there  in.' 
1686,  with  M.  Varignon,  in  the  fuburbs  of  St.  Jacques,... 
There  each  ftudied  in  his  own  way ; the  Abbe  apply- 
ing himfelf  to  the  fludy  of  men,  manners,  and  the 
principles  of  government  ; whilfl  Varignon  was  wholly 
occupied  w'iih  the  mathematics. 

I,  fays  Fonleneile,  w'ho  was  their  countryman,  often 
went  to  fee  them,  fometimes  fpending  two  or  three 
days  with  them.  They  had  alfo  room  for  a couple  or 
vifltors,  who  came  from  the  fame  province.  We  joined 
together  with  the  greateft  pleafure.  We  were  young, 
full  of  the  firft  ardour  for  knowdedge,  ftrongly  united, 
and,  what  we  w^ere  not  then  perhaps  d-ifpofed  to  think  fo 
great  a happinefs,  little  known.  Varignon,  wflio  had  • 
a flrong  conftitution,  at  leaft  in  bis  youth,  fpent  whole 
days  in  iludy,  without  any  amiifement  or  recreation,^ 
except  walking  fometimes  in  fine  weather.  1 have 
heard  him  fay^  that  in  ftudying  after  fupper,  as  he 
ufuallydid,  he  was  often  furprifed  to  hear  the  clock- . 
flrike  two  in  the  morning  ; and  was  much  pleafed  that' 
four  hours  reft  were  fuflicient  to  refrelh  him.  He  did  ^ 
not  leave  his  fludies  with  that  heaviuefs  which  they, 
uiually  create  ; nor  with  that  wearinefs  that  a long  ap- 
plication might  occafion. . He  left  off  gay  and  lively, 
filled  with  pleafure,  and  impatient  to  renew'  it..  In 
fpeaking  of  mathematics,.,  he  w'ould  laugh  fo  freely, 
that  It  feemed  as  if  he  had  ftudied  for  diverfion.  No 
condition  was  fo  much  to  be  envied  as  his  ; his  life  was 
ai  continual  enjoyment,  ddighting  in  quietnefs. 

In  the  lolitary  fuburb  of  St.  Jacques,  he  formed  how- 
ever a connedlion  vrith  many  other  learned  men  ; as  Du 
Hamel,  Du  Verney,  De  la  Hire,  &c.  Du  Verney  often 
afleed  his  afliflaneein  thofe  parts  of  anatomy  connedled 
with  mechanics  a they  examined  together  the  pofitiona  - 
of  the  mufcles,  and  their  diredlons  g hence  Varignon 
learned  a good  deal  of  anatomy  from  Du  Verney,- 
which  he  repaid  by  the  application  of  mathematical  rca- 
foning  to  that  fubjedt. 

At  length,  in  1687,  Varignon  madcliimfelf  known 
to  the  public  by  a Treatife  on  New  Mechanics,  dedi- 
cated to  the  Academy  of  Sciences*  His  thoughts  on 
this  fubjedl  were,  in  efledl,  quite  new.  He  difeovered 
truths,  and  laid  open  th.eir  fources.  In  this  work,  he 
demonflrated  the  neceflity  of  an  equilibrium,  in  fuch 
cates  as  It  happens  in,  though  thecaufe  of  it  Is  not  ex-- 
adtly  known.  This  difeovery  Varignon^  made  by  the 
theory  of  compound  motions, . and  is  ‘ what  this  eifay 
turns  iipon» 

This  new  Treatife  on  Mechanics  was  greatly  admired 
by  the  mathematicians,  and  procured  the  author  two 
confiderable  places,  the  one  of  Geometrician  in  the 
Academy  of  Sciences,  the  other  of  Profeffor  oHMa- 
thematics  in  the  College  of  Mazarine,  to  which  he 
was  the  Irrfl:  perfon  raifed. 

Varignon  catched  eagerly  at  the  Science  of  Infinltefi- 
mals  as  foon  as  it  appeared  in  the  world,  and  became 
one  of  its  mofl:  early  cultivators.  When  that  fublime 
and  beautiful  method  was  attacked  In  the  Academy  it- 
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felt  (for  it  could  not  cfcape  the  fate  of  all  innovationsy  he 
became  one  of  its  moll  zealous  defenders,  and  in  its  fa- 
vour he  put  a violence  upon  his  natural  character,  which 
abhorred  all  contention.  He  fometimes  lamented,  that 
this  difpute  had  interrupted  him  in  his  enquiries  into  the 
Integral  Calculation  fo  far,  that  it  would  be  difficult  for 
him  to  refume  his  difqiiifition  where  he  had  left  it  off. 
He  facrificed  Infinitelimals  to  the  intereft  of  Indnitefi- 
mals,  and  gave  up  the  pleafure  and  glory  of  making  a 
farther  progrefs  in  them  when  called  upon  by  duty  to 
undertake  their  defence. 

All  the  printed  volumes  of  the  Academy  bear  wit- 
nefs  to  his  application  and  indulhy.  His  works  are 
never  detached  pieces,  but  complete  theories  of  the  laws 
of  motion,  central  forces,  and  the  refiilanee  of  mediums 
to  motion.  In  thefe  be  makes  fuch  ufe  of  his  rules, 
that  nothing  efcapes  liim  that  has  any  connection  with 
the  fubject  he  treats* 

Geometrical  certainty  is  by  no  means  incompatible 
with  obfeuritv  and  confufion,  and  thofe  are  fometimes 
fo  great,  that  it  is  furprifinga  mathematician  fhould  not 
mifs  his  way  in  fo  dark  and  perplexing  a labyrinth.  The 
works  of  M.  Varigiion  never  occafion  this  difagreeable 
furprife,  he  makes  it  his  chief  care  to  place  every' thing 
in  the  clearclt  light ; he  does  not,  as  fome  great  men 
do,  confult  his  cafe  by  declining  to  take  the  trouble  of 
being  methodical,  a trouble  much  greater  than  that  of 
compofition  Itfelf;  he  does  not  endeavour  to  acquire  a 
reputation  for  profoundnefs,  by  leaving  a great  deal  to 
begueffedby  the  reader. 

He  was  perfedlly  acquainted' with  the  hiflory  of  ma- 
thematics. He  learned  it  not  merely  out  of  curiofity, 
but  becaufe  he  was  defirous  of  acquiring  knowledge 
from  every  quarter.  This  hiftorical  knowledge  is  doubt- 
lefs  an  ornament  in  a mathematician,  but  it  is  an  orna- 
ment which  is  by  no  means  without  Its  utility'.  Indeed 
it  may  be  laid  down  as  a maxim,  the  more  different 
ways  the  mind  is  occupied  in,  upon  a fubjedf,  the  more 
it  Improves. 

Though  Varignon’s  conflitution  did  not  feem  eafy 
to  be  impaired,  affiduity  and  conflant  application 
brought  upon  him  a feverc  difeafe  in  1705.  Great  abi- 
liiies  are  generally  dangerous  to  tlie  pefftifors.  He  was 
fix  months  in  danger,  and  three  years  in  a languid  Irate, 
which  proceeded  from  his  fpirits  being  almoil  entirely 
exhaulted.  He  fald  that  fometimes  when  delirious  with 
a fever,  he  thought  himfelf  in  the  midil  of  a fortll, 
where  all  the  leaves  of  the  trees  were  covered  with  al- 
gebraical calculations.  Condemned  by  his  pliyficians, 
his  friends,  and  himfelf,  to  lay  afide  all  Itudy,  he  could 
not,  when  alone  in  his  chamber,  avoid  taking  up  a book 
of  mathematics,  which  he  hid  as  foon  as  he  heard  any 
perfon  coming.  He  again  refumed  the  attitude  and  be- 
haviour of  a fick  man,  and  feldom  had  occafion  to 
counterfeit.  « 

In  regard  to  his  chat  after,  Fontenelle  obferves,  that 
it  was  at  this  time  that  a writing  of  ids  appeared,  in 
vvhich  he  cenfured  Dr,  Wallis  for  having  advanced  that 
there  are  certain  fpaces  more  than  infinite,  which  that 
great  geometrician  afcribes  to  hyperbolas.  He  main- 
tained, on  the  contrary,  that  they  were  finite.  The 
criticifin  was  foftened  with  all  the  politenefs  andrefpeft 
imaginable  ; but  a criticifm  it  was,  though  he  had 
written  it  only  for  himfelf.  He  let  M.  Cane  fee  it, 


when  he  was  in  a fiate  that  rendered  him  indiiTcrent 
about  things  of  that  kind  ; and  that  gentleman,  infia- 
enced  only  by  the.  intercfl  of  the  fcieiices,  caufed  it  to 
be  printed  in  the  memoirs  of  the  Academy  of  Sciences, 
unknown  to  the  author,  who  thus  made  an  attack 
againft  his  inclination. 

He  recovered  from  his  difeafe  ; but  the  remembiance 
of  what  he  had  fuffered  did  not  make  him  more  pru- 
dent lor  the  future.  The  whole  iinprelfion  of  Ids  Pro^ 
JdP  for  a Nc'VJ  Syftem  of  Mtchanicx^  having  been  fold  off, 
lie  formed  a defign  to  publifi!!  a fecond  edition  of  it,  or 
ratlier  a work  entirely  new,  though  upon  the  fame 
plan,  but  more  extended.  It  n:ull  be  eafy  to  perceive 
how  much  learning  he  mud  have  acquired  in  the  inter- 
val; but  he  often  complained,  that  he  wanted  time, 
though  he  was  by  no  means  difpofed  to  lofe  any.  Fre- 
quent vifits,  eltlier  of  French  or  of  foreigners,  fome 
of  whom  went  to  fee  him  that  they  might  have  it  to  fay 
that  they  had  feen  him  ; and  others  to  coninlt, him  and 
improve  by  his  eonverlation  ; works  of  mathematics, 
which  tim  authority  of  fome,  or  the  friendfhip  he  had 
for  others,  engaged  him  to  examine,  and  whic^  he 
thought  himfelf  obliged  to  give  the  mod  exaft  account 
of  ; a literary  correfpondence  with  all  the  chief  mathe- 
maticians of  Europe  ; all  thefe  obdrufted  the  book  he 
had  undertaken  to  write.  'Ihus  a man  acquires  reputation 
by  having  a great  deal  of  leifure  time,  and  he  lofes  this 
precious  leifure  as  foon  as  he  has  acquired  reputation. 
Add  to  this,  that  his  bed  fcholars,  whether  in  the 
College  of  Mazarine  or  the  Royal  College  (for  he  had 
a profelfor’s  chair  in  both),  lonietimes  requefted  private 
leftures  of  him-,  which  he  could  not  refufe.  Hefighed 
for  his  two  or  three  months  of  vacation,  for  that  was 
all  the  leifure  time  he  had  in  the  year;  no  foorrer  were 
they  come  but  he  retired  into  the  country,  where  Kis 
time  was  entirely  his  own,  and  the  days  feemed  always 
quickly  ended. 

Notwithdandirig  Ids  great  dcfire  of  peace,  in  the 
latter  part  of  his  life  he  ivas  involved  in  a difpute.  An 
Italian  monk,  well  verfed  In  mathematics,  attacked  him 
upon  tlie  fubjeftot  tangents  and  the  angle  of  contaftbi 
carves,  fucli  as  they  are  conceived  in  the  arithmetic  pf 
infm  tes.;  he  aniwered  by  the  lad  memoir  he  ever  gave 
to  the  Academy,  and  the  only  one  which  turned  upon 
a difpute. 

In  the  laii  two  years  of  his  life  he  was  attacked  witlf 
an  adhmati.cxiomplaint.  This  dlforder  increaftd  every 
day,  and  all  remedies  were  inedeftual.  Fle  did  nor 
however  ceafe  from  any  of  his  cudomary  bufinefs  ; fo 
that,  after  having  finidied  his  Icfturo  at  the  College  of 
Mazarine,  on  the  ced  of  December  1722,  lie  died  fud- 
denly  the  following  night. 

His  charafter,  fays  Fontencllc,  was  as  fitnple  as 
his  fuperlor  underllanding  could  require.  He  was 
not  apt  to  be  jealous  of  the  fame  of  others : indeed  he  . 
was  at  the  head  of  the  French  mathematicians,  and 
one  of  the  bed  in  Europe,  It  mud  be  owned 
however,  that  when  a new  idea  was  offered  to  him,  he 
was  too  hady  to  objeft.  The  fire  of  his-  genius,  the 
various  infights  into  every  fubjeft,  made  too  Impetuous 
an  oppofition  to  thofe  that  were  offered  ; fo  that  It  wgs 
not  eafy  to  obtain  from  him  a favourable  attention. 

His  w'orks  that  were  publilhed  feparately,  were, 

I.  Projet d’uneNouvelleMechaniquej  qto, Paris  168 7^ 
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2.  Des  Nouvelles  Coiijedures  fur  la  Pefantenr. 

3.  Noiivelk  Mechanique  cu  Statique,  2 tom.  qto, 
1725, 

As  to  Ills  memoirs  in  the  volumes  of  the  Academy  of 
Sciences,  they  are  far  too  numerous  to  be  here  particu- 
larized ; they  extend  through  almoft  all  the  volumes, 
down  to  h’.s  death  in  i'72  2. 

VASA  Concordia,  in  Hydraulics,  are  two  veffels, 
fo  conftriiaed,  as  that  one  of  them,  though  full  of 
wine,  will  not  run  a drop,  unlefs  the  other,  being  fall 
of  water,  do  run  alfo.  Tiieir  llrudure  and  apparatus 
may  be  feen  in  Wolfius,  Element.  Mathef.  tom.  3, 
Ilydiaul. 

VAULT,  in  Architecture,  an  arched  roof,  fo  con- 
trived, as  that  the  feveral  hones  of  which  it  conhlls, 
bv  their  difpofition  into  the  form  of  a curve,  mutually 
luhain  each  other  ; as  the  arches  of  bridges,  &c. 

Vaults  are  to  be  preferred,  on  many  occafions,  to 
foffits,  or  fiat  ceilings,  as  they  give  a greater  rife  and 
elevation,  and  are  alfo  more  firm  and  durable. 

'J'he  Ancients,  Salmafius  obferves,  bad  only  three 
kinds  of  vaults:  the  firh  the  made  cradle  wife  ; 

the  2d,  the  tijiiulo,  tortoife-wife,  or  oven-wife;  the  3d, 
the  concha^  made  flrell-wife. 

But  the  Moderns  fubdivide  thefe  three  forts  into 
a great  many  more,  to  which  they  give  different  names, 
according  to  their  figures  and  life  : fome  are  circular, 
others  elliptical,  8:c. 

xAgain,  the  fweeps  of  forne  are  larger,  and  others 
lefs  portions  of  a fphere  : all  above  hemifpliercs  are 
called  high,  or  furmounted  Vaidts  ; all  that  are  lefs  than 
hemifpheres,  are  low,  or furhafed  Vaidts,  See. 

In  fome  the  height  is  greater  than  the  diameter ; In 
others  It  is  lefs  r there  are  others  again  quite  flat,  only 
made  with  harm fes  ; others  oven-like,  and  others  grow- 
ing wider  as  they  lengthen,  like  a trumpet. 

Of  Vaults,  fome  are  Jingle,  others  double,  crofs,  dta- 
gom},  horizontal,  ajcendhig,  defcendhig,  angular,  ohltque, 
pendent,  &c,  &c.  There  are  alfo  Gothic  Vaults,  with 
pendentives,  &c. 

Majlcr  Vaults,  are  thofe  which  cover  the  principal 
parts  of  buildings;  in  contradiflinCfion  from  the  hfs,o\' 
fubordinate  Vaults,  which  only  cover  fome  fmall  part  ; 
as  a paffage,  a gate,  Siz, 

Double  Vault,  is  fuch  a one  as,  being  built  over 
another,  to  make  the  exterior  decoration  range  with  the 
interior,  leaves  a fpace  between  the  convexity  of  the 
one,  and  the  concavity  of  the  other : as  in  the  dome  of 
St.  Paul’s  at  London,  and  that  of  St.  Peter’s  at 
Rome, 

Vaults  'imth  Compartlments,  are  fuch  whofe  fweep, 
or-  inner  face,  is  enriched  with  pannels  of  fculpture,  fc- 
parated  by  platbands.  Thefe  compartiments,  which 
are  of  different  figures,  according  to  the  Vaults,  and 
are  ufually  gilt  on  a white  ground,  are  made  with 
ffucco,  on  brick  Vaults  ; as  in  the  church  of  St.  Peter’s 
at  Rome  and  with  plaller,  on  timber  Vaults. 

Dheory  o/ Vaults. — In  a femicircular  Vault,  or 
arch,  being  a hollow  cylinder  cut  by  a plane  through 
its  axis,  Handing  on  two  impofts,  and  all  the  ftones  that 
compofe  It,  being  cut  and  placed  in  fuch  a manner,  as 
that  their  joints,  or  beds,  being  prolonged,  do  all  meet 
in  the  centre  of  the  vault ; it  is  evident  that  all  the  ftones 
muft  be  cut  wedge-wife,  or  wider  at  top  and  above. 
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than  below;  by  virtue  of  which,  they  fullain  each 
other,  and  mutually  oppofe  the  effort  of  their  weight, 
which  determines  them  to  fall. 

The  ftone  In  the  middle  of  the  Vault,  whicli  is  per- 
pendicular to  the  horizon,  and  is  called  the  key  of  the 
Vault,  is  fuftained  on  each  fide  by  the  two  contiguous 
ftones,  as  by  two  inclined  planes. 

Tile  fecond  ftone,  which  is  on  the  right  or  left  of  the 
key-ftorie,  is  fuftained  by  a third;  which,  by  virtue  of  the 
figure  of  the  Vault,  is  neceffarily  more  inclined  to  the 
fecond,  than  the  fecond  is  to  the  lirft  ; and  conlequently 
the  fecond,  In  the  effort  it  makes  to  fall,  employs  a lefs 
part  of  its  weight  than  the  flrft. 

For  the  famereafon,  all  the  ftones,  reckoning  from 
the  key  (lone,  employ  ftill  a lefs  and  lels  part  of  their 
weight  to  the  laft  ; vrhich,  refting  on  the  horizontal 
plane,  employs  no  part  of  its  weight,  or  makes  no 
effort  to  fall,  as  being  entirely  fupported  by  the  im- 
poft. 

Now  a great  point  to  be  aimed  at  in  Vaults,  is,  that 
all  the  feveral  ftones  make  an  equal  effort  to  fall ; to  ef- 
fecl  this,  it  is  evident  that  as  each  ftone,  reckoning 
from  the  key  to  the  impoft,  employs  a ftill  lefs  and  lefs 
part  of  its  whole  weight ; the  lirft  only  employing,  for 
example,  one-half ; the  2d,  one-third  ; the  3d,  one- 
fourth  ; &c  ; there  is  no  other  way  to  make  thefe  dif- 
ferent parts  equal,  but  by^  a proportionable  augmentation 
of  the  whole  ; that  is,  the  fecond  ftone  muft  be  hea- 
vier than  the  iirft,  the  third  heavier  than  the  fecond, 
and  fo  on  to  the  iaft,  which  flrould  be  vattly  heavier.  ' 

Fa  Hire  demenftrates  what  that  proportion  is,  in 
which  the  weights  of  the  ftones  of  a femicircular  arcdi. 
muft  be  increaled,  to  be  In  equilibrio,  or  to  tend  with 
equal  forces  to  fall  ; which  gives  the  firmeft  difpofition 
that  a vault  can  have.  Before  him,  the  architedls  had- 
no  certain  rule  to  condudl  themfelves  by  ; but  did  all  at 
random.  Reckoning  the  degrees  of  the  quadrant  of 
the  circle,  from  the  keyftone  to  the  impoft  ; the  length 
or  weiglit  of  each  ftone  muft  be  fo  much  greater,  as  it 
is  farther  from  the  key.  Fa  Hire’s  rule  is,  to  augment 
the  weight  of  each  ftone  above  that  of  the  key  ftone, 
as  much  as  the  tangent  of  the  arch  to  the  ftone  exceeds 
the  tangent  of  the  arch  of  half  the  key.  Now  the  tangent 
of  the  laft  ftone  becomes  Infinite,  and  confequently 
the  weight  fliould  be  fo  too  ; but  as  infinity  has  no 
place  in  pradllce,  tlie  rule  amounts*  to  this,  that  the 
laft  ftone  be  loaded  as  much  as  pofftblc,  and  the  others 
in  proportion,  that  they  may  the  better  refift  the  effort 
which  the  Vault’ makes  to  feparate  them;  which  is 
called  the JJioot  or  drift  of  the  Vaulti 

M.  Parent,  and  other  authors,  have  fince  determined 
the  curve,  or  figure,  which  the  extrados  or  outfide  of  a 
Vault,  whofe  intrados  or  infide  is  fpherical,  ought  to 
have,  that  all  the  ftones  may  be  in  equilibrio. 

The  above  rule  of  Fa  Plire’b  has  fince  been 
found  not  accurate,  vSee  Arch,  and  Bridge.  See 
alfo  my  Treatife  on  the  Principles  of  Bridges,  and 
Emerfon’s  Conftrutlion  of  Arches. 

Key  of  42- Vault.  See  Kew,  andVoussoiR. 

Reins  ox  fillings  up  of  a Vault,  are  the  lides  which 
fuftain  It,-. 

Pendentive  of  ^ Vault’,  See  Pendenti ve, , 

Impojl  of  a Vault,  is  the  ftone  upon  which,  is  laid 
the  fir-ft  vouflblr,  or  arch-ft  onc  of  the  Vault, 

VEADAR, 
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V Ei\.DAR,  in  Ch  ronology,  the  13th  month  of  the 
Jevvilh  ecclefiahical  year,  aniwering  commonly  to  our 
March  ; this  month  is  intercalated,  to  prevent  the  be- 
ginning oi  Nilan  from  being  removed  to  the  end  of  Fe- 
bruary. 

VECTIS,  in  Mechanics,  one  of  the  fjmple  mecha- 
nical powers,  more  ufually  called  the  Lever. 

VECTOR,  or  IZadius  Vctlor^  in  Aftronomy,  is  a 
line  fuppofed  to  be  drawn  from  any  planet  moving 
round  a centre,  or  the  focus  of  an  ellipfe,  to  that  cen- 
tre, or  focus.  It  is  fo  called,  becaufe  it  is  that  line  by 
which  the  planet  leems  to  be  carried  round  its  centre  ; 
and  with  which  it  deicnbcs  areas  proportional  to  the 
times. 


VELOCITY,  or  S^cuiftTn^fs^  in  Mechanics,  is  that 
affedtion  of  motion,  by  which  a moving  body  paffcs 
over  a certain  fpace  In  a certain  time.  It  is  alfo  called 
celerity ; and  It  is  always  proportional  to  the  fpace 
moved  over  in  a given  time,  when  the  Velocity  is  uni- 
form, or  always  the  lame  during  that  time. 

\Tlocity  Is  either  uniform  or  variable*  Unform^  or 
equal  Velocity^  is  that  with  which  a body  paffes  always 
over  equal  {paces  in  equal  times.  And  it  invariable,  or 
unequal,  when  the  fpaces  pafled  over  in  equal  times  are 
unequal  ; in  which  cafe  It  Is  accelerated  ox  retarded 

Velocity  ; and  this  acceleration,  or  retardation,  may 
alfo  be  equal  or  unequal,  i.  e.  uniform  or  variable,  &c. 
bee  Acceleration,  and  Motion. 

Velocity  is  alfo  either  ahfolute  or  relative.  Ahfolnle 
Velocity  is  that  we  have  hitherto  been  confidering,  in 
which  the  Velocity  of  a body  is  confidered  limply  in 
itielf,  or  as  palTing  over  a certain  fpace  In  a certain 
time.  But  relative  or  rafpeclive  Velocity,  is  that  with 
which  bodies  approach  to,  or  recede  from  one  another, 
whether  they  both  move,  or  one  of  them  he  at  red. 
Thus,  if  one  body  move  with  the  abfolute  Velocity  of 
2 feet  per  fecond,  and  another  with  that  of  6 feet  per 
fecond  ; then  if  they  move  diredlly  towards  each  other, 
the  relative  velocity  with  which  they  approach  is  that 
of  3-  feet  per  lecond  ; but  if  they  move  both  the  fame 
way,  fo  that  the  latter  overtake  the  former,  then  the 
relative  Velocity  with  which  that  overtakes  It,  is  only 
that  of  4 feet  per  fecond,  or  only  half  of  the  former  ; 
and  confequently  it  will  take  double  the  time  of  the 
former  before  they  come  in  contadl  together. 

Velocity  in  a Right  l/me. — When  a body  moves 
with  a uniform  Velocity,  the  Ipaces  palled  over  by  it,  in 
different  times,  are  proportional  to  the  times  alfo  the 
fpaces  defcrlbed  by  two  different  uniform  Velocities,  in 
the  fame  time,  are  proportional  to  the  Velocities;  and 
confequently,  when  both  tinres  and  Velocities  are  un- 
equal, the  fpaces  deferibed  are  in  the  compound  ratio 
of  the  times  and  Velocities.  That  is-,  S oc  TV, 
and  j-  oc  / or  S ; .r  : : TV  ; tv.  Hence  alfo, 
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retfly  and  the  time  reciprocally. 

But  in  uniformly  accelerated  motions; 'the  la ff  de- 
gree of  Velocity  uniformly  gained  by  a body  in  begin- 
ning from  reft,  is  proportional  to  the  time  ; and  the 
fpace  defcrlbed  from  the  beginning  of  the  motion,  Is  as 
the  produfl  ol*  the  time  and  Velocity,  or  as  the  fquare' 
*f  the  Velocity,  or  .as  the  fquare  of  the  time.  That  is. 


in  uniformly  accelerated  motions,  v oc  t,  and  j cc  . 

or  cc  1;“  or  oc  -And,  in  fluxions,  s = vt. 

Velocity  of  Bodies  moving  in  Curves. — -According 
to  Galileo’s  fyllem  of  the  fall  of  heavy  bodies,  which  fs 
now^nniverfally  admitted  among  philofophers,  the  Ve- 
locities of  a body  falling  vertically  are,  at  each  moment 
of  its  fall,  as  the  fquare  roots  of  the  heights  from  whence 
it  has  fallen  ; reckoning  from  the  beginning  of  the 
defeent.  And  hence  he  inferred,  that  if  a body  de- 
feend  along  an  Inclined  plane,  the  Velocities  it  has,  at 
the  different  times,  will  be  in  the  fame  latio  ; for  lince 
its  Velocity  is  all  owing  to  . Its  fall,  and  it  only  falls  aS' 
much  as  there  is  perpendicular  heiglit  in  the  inclined ' 
plane,  the  Velocity  fliould  be  Fill  meafured  by  that 
height,  the  fame  as  if  the  fall  were  vertical. 

The  fame  principle  led  him  alfo  to  conclude,  that  if 
a body  fall  through  feveral  contiguous  inclined  planes, 
making  any  angles  with  each  otlier,  much  like  a 'ffick 
when  broken,  the  Velocity  would  Hill  be  regulated  after 
the  fame  manner,  by  the  vertical  heights  of  the  different 
planes  taken  together,  confidering  the  laff  Vclocitv  a.s 
the  fame  that  the  body  would  acquire  by  a fall  throw  h 
the  lame  perpendicular  height.  ^ 

This  conchifion  it  feems  continued  to  be  acquiefecT 
in,  till  the  year  ^672,  uhen  it  was  dem.onffrated  tube 
falfe,  by  James  Gregory,  in  a fmall  piece  of  his  intitlcd 
Ten  lamina  qua  dam  Geomctrica  de  Motu  Penduli  & Pre^ 
jcclorum.  This  piece  has  been  very  little  known,  be- 
caufe it  was  only  added  to  the  end  of  an  obfeure  and 
preudonymoiis  piece  of  liis,  then  publilhed,  to  expofe 
the  errors  and  vanity  of  Mr.  Sinclair,  proftffor  of  na- 
tural philofophy  at  Glafgow.  ThL  little  jeu  d’efprit  of 
Gregory  Is  intitled,  The  great  and  ntav  Adt  of  JfVtghing 
Vanity  : or  a dfcovery  of  the  Ignorance  and  Arrogance 
of  the  great  and  nc-tv  Artijl,  in  his  Pfcudo-Philo/hphicai 
vjrirings:  by  M.  Pat  rich  Mathers,  Arch-Bedal  to  the 
Unlverfity  of  S.  Andreves.  In  the  Tcntamlna,  Gregory 
Fiew 3 what  the  lealFclocity  is,  which  a body  acquires 
by  defending  down  two  contiguous  inclined  planes, 
forming  an  obtufe  angle,  and  that  it  Is  diffeicnt  from  the 
Velocity  a body  acquires  by  defcendiiig  perpendicularly 
through  the  fame  height;  alfo  that  the  Velocity  in 
quitting  the  firft  plane,  is  to  that  with  which  it  enters 
the  fecond,  and  in  this  latter  direFfioii,  as  radius  to 
the  cofincof  the  angle  of  inclination  between  the  two 
planes. 

Xhis  conolnfion  however,  G^regory  ohfervep,  - does  ■ 
not  apply  to  the  motions  ot  de.ffent  down  any  -curve 
Hues,  becaufe  the  contiguous  parts  of  curve  lines  do 
angle  between  tiiein,.aud  confequentl)'  no 
part  of  the  Velocity  is  loll  by  palfing  horn  one  part  .of 
the  curve  to  the  other;  and'hence  he  Infers,  that  the 
Velocities,  acquired  in  defcendiiig  down  a continued 
cur/L  line,  aic  the  fame  as  by  falling  perpendicularly 
through  the  ihme  height.  This  principle  is  then  ap- 
plied, by  the  author,  to  the  motion  of  pendulums  and 
projedliles. . 

VTrignon  too,  in  the  year  169-3,  ^'ollowed  in  the 
fame  track,  Ihewlng  tiiat  the  Velocity  loll  in.paffino* 
from  one  right  hned  direction  to  another,  becomes 'in° 
clefinitcly  fmall  m the  coiirfe  of  a curve  line  ; and  thati 
therefore  the  doarine  of  Galileo  holds  good  for  the  de- 
feent of  bodies  down  a curve  line,  viz,  that  the  Velocity, 
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at  any  point  of  the  curve,  is  equal  to  that 
-winch  would  be  acquired  by  a fall  through  the  fame 
perjicudicuiar  altitude. 

d’lie  nature  of  every  curve  is  abundantly  determined 
bv  the  ratio  of  the  ordinates  to  the  con-efpoucling  abf- 
ciiles  ; and  the  effeuce  of  curves  in  general  may  be- 
conceived  as  confiflint^  in  this  ratio,  which  may  be  va- 
ried in  <1  thoufand  different  ways.  But  this  fame  ratio 
will  be  alio  that  of  two  fimple  Velocities,  by  whofe 
joint  efTedl  a body  may  defcribe  the  curve  in  queilion  ; 
and  corifequcntly  the  tflence  of  all  curves,  in  general, 
is  the  fame  tlhng  as  the  concoiirfe  or  combination  of 
all  the  forces  which,  taken  two  by  two,  may  move  the 
fame  body.  Thus  we-  have  a mofl  fimpIe  and  general 
equation  of  all  poflible  curves,  and  of  all  poflible  Ve- 
locities. By  means  of  this  equation,  as  foon  as  the 
two  fimple  Velocities  of  a body  arc  known,  the 
curve  refulting  from  them  is  immediately  deter- 
mined. 

It  may  be  obferved,  in  particular,  according  to  this 
equation,  that  an  uniform  /elocity,  combined  with  a 
Velocity  that  always  varies  as  the  fquare  roots  of  tlm 
heights,  the  two  produce  the  particular  curve  of  a pa- 
rabola, independent  of  the  angle  made  by  the  direc- 
tions of  the  two  forces  that  give  the  Velocities  ; and 
confequently  a cannon  ball,  fnot  either  horizontally  or 
obliquely  to  the  horizon,  miifl  alvivays  defcribe  a para- 
bola, were  it  not  for  the  rehftance  of  the  air. 

Circular  Velocity.  See  Circular. 

/euVirt/ Velocity,  in  Gunnery,  denotes  the  Velocity 
Nvith  4vhich  military  projeCfiles  iffue  from  the  mouth  of 
the  piece  by  which  they  are  difeharged.  This,  it  is 
now  known,  is  much  more  confiderable  than  was  for- 
merly apprehended.  For  the  method  of  eftimating  it. 


and  the  refult  of  a variety  of  eJtperimcnts,  by  Mr, 
Robins,  and  myfelf,  £tc,  fee  the  articles  Gun,  Gun* 
nery,  Projectile,  and  PvEsistance. 

Mr.  Robins  had  hinted  In  his  New  Principles  of 
of  Gunnery,  at  another  method  of  meafuring  the  Ini- 
tial Velocities  of  military  projeftiles,  viz,  from  the 
arc  of  vibration  of  the  gun  itfelf,  in  the  adl  of  expiil- 
fion,  w’hen  it  is  fufpended  by  an  axis  like  a penduhim. 
And  Mr,  Thompfon,  in  his  experiments  (Philoi.  Tianh 
vol.  71,  p»  229)  has  purfued  the  fame  idea  at  con- 
fiderable length,  in  a number  of  experiments,  from 
whence  he  deduces  a rule  for  computing  the  Velo- 
city, which  is  fomewhat  different  from  that  of  Mr, 
Robins,  but  which  agrees  very  well  with  his  own  expe- 
riments. 

This  rule  however  being  drawn  only  from  the  expe- 
riments with  a mulket  barrel^  and  with  a fmall  charge 
of  powder,  and  befides  being  different  irom  that  in  the 
theory  as  propofed  by  Robins;  it  was  fufpedled  that  it 
would  not  hold  good  when  applied  to  cannon,  or  other 
large  pieces  of  ordnance,  of  different  and  various 
lengths,  and  to  larger  charges  of  powder.  For  this 
reafon,  a great  multitude  of  experiments,  as  related  in 
m.y  Triidts,  vol.  i,  were  inilituted  with  cannon  of  va- 
rious lengths  and  charged  with  many  diflereat  quanti- 
ties of  powder  ; and  the  Initial  Velocities  of  the  fliot 
were  computed  both  from  the  vibration  of  a ballifiic 
pendulum,  and  from  the  vibration  of  the  gun  itfelf; 
but  the  confeqiience  v/as,  that  thefe  two  hardly  ever 
agreed  together,  and  in  many  cafes  they  differed  by 
almoll  400  feet  per  fecond  in  the  Velocity.  A 
brief  abftradl  for  a com.parifon  between  thefe  two 
methods,  is  contained  In  the  following  tablet,  viz. 


Coniparifon  vf  the  Velocities  hy  the  Gun  and  P enduluin» 


1’ 

1 

2 Ounces.  j 

4 Ounces. 

8 Ounces.  j 

! 

16  Ounces. 

C:fUH 

No.  i 

Velocity  by 

Diff. 

Velocity  by 

Diff. 

Velocity  by 

Diff. 

Velocity  by 

Diff. 

^1 

1 

Gun 

Pend. 

Gun 

Pend* 

Gun  1 

Fend. 

Gun 

Pend. 

I 

S30 

780 

50 

I TOO 

35 

1445 

1430 

15 

1345 

1377 

2 ' 

863 

83; 

28 

- 1203 

1180 

23 

1521 

1 480 

-59 

148J 

1656 

-171 

3 

919 

1 920 

— ■ I 

1294 

1300 

-6 

1631 

1790 

-159 

1680 

1998 

-318 

■4 

939 

1 970 

-4' 

13^7 

1370 

“53 

1669 

1940 

— 271 

'73° 

2106 

-376 

In  this  table,  the  firfl  column  fhew^s  the  number  of 
tliC  gun,  as  they  w^re  of  different  lengths  ; viz,  the 
length  of  number  i was  30 1 inches,  number  2 was 
40I  inches,  number  3 was  60  Inches,  and  number  4 
was  hj  inches,  nearly.  After  the  firft  column,  the  rdi 
df  the  table  is  divided  into  four  fpaces,  for  the  four 
charges,  2,  4,  8,  16  ounces  of  powder:  and  each  of 
thefe  is  divided  into  three  columns  : in  the  firft  of  the 
three  is  the  Velocity  of  the  ball  as  determined  from  the 
vibration  of  the  gun  ; in  the  fecond  is  the  Velocity  as 
determined  from  the  vibration  of  the  pendulum  ; and 
m the  thud  is  the  difference  between  the  tvvo,  being  fo 
many  feet  per  ktxmd,  which  is  maiked  with  the  nega- 


tive ftgn,  or  — , when  the  former  Velocity  is  too  little, 
otherwife  it  is  pofitive. 

From  the  comparifon  contained  in  this  table,  it  ap- 
pears, in  general,  that  the  Velocities,  determined  by 
the  two  different  ways,  do  not  agree  together  ; and 
that  therefore  the  method  of  determining  the  Velocity 
of  the  ball  from  the  recoil  of  the  gun,  is  not  generally 
true,  although  Mr.  Robins  and  Mr.  Thompfon  had 
fufpefted  It  to  be  fo  : and  confequently  that  the  effeft 
of  the  inflamed  powder  on  the  recoil  of  the  gun,  is  not 
exa6lly  the  fame  when  it  is  fired  without  a ball,  as 
when  it  is  fired  with  one.  It  alfo  appears,  that  tins 
difference  is  no  ways  regular,  neither  in  the  different 
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|rBns  vvitli  the  fame  charge  of  powder,  nor  in  the  fame 
gtin  with  different  charges  ; That  witli  very  fmall 
charges,  the  Velocity  by  the  gun  is  greater  than  that 
fry  the  pendulum ; but  that  the  latter  always  gains 
upon  the  former,  as  the  charge  is  increafed,  and  foon 
becomes  equal  to  it;  and  afterwards  goes  on  to  exceed 
it  more  and  more:  That  the  particular  charge,  at 
which  the  two  Velocities  become  equal,  is  dilfercnt  in 
• the  different  guns  ; and  that  this  charge  is  lefs,  or  the 
equality  fooner  takes,  place,  as  the  gun  ia  longer.  And 
all  this,  whether  we  ufe  the  adlual  Velocity  with  which 
the  ball  ftrikes  the  pendulum,  or  the  fame  increafed  by 
the  Velocity  lofh'by  the  refiilance  of  the  air,  in  its 
flight  frona  the  gun  to  the  pendulum. 

VENTILATOR,  a machine  by  which  the- noxious 
air  of  any  clofe  place,  as  an  hofpital,  gaol,  fliip,  cham- 
ber, dec,  may  be  difeharged'  and  changed  Lr  frefn 
air. 

The  noxious  qualities  of  bad  air  have  been  long 
known  ; and  Dr.  Hales  and  others  liave  taken  great  pains 
to  point  out  the  miichiefs  arifing  from  foul  air,  and  to 
prevent  or  remedy  them,  lliat  philofopher  propofed  an 
ea^’-  and  effeHual  one,  by  the  ufe  of  his  Ventilators  ; 
t!ie  account  of  which  was  read  before  the  R'oyal  Socie- 
ty in  May  1741  ; and  a farther  account  of  it  may  he 
feen  in  his  Defeription  of  Ventilators,  printed  at 
London  in  8vo,  1743  ; and  ftill  farther  in  part  2,  p.  32, 
printed  in  1758  ; W'here  the  ufes  and  applications  of 
them  are  pointed  out  for  fliips,  and  ptifons,  &c.  For 
what  is  faid  of  the  foul  air  of  fliips  may  be  applied  to 
that  of  gaols,  mines,  workhoufes,  hofpitals,,. barracks, 
See.  In  mines.  Ventilators  may  guard  againft  the 
fuffocations,  and  other  terrible  'accidents  arifino-  from 
damps.  The  air  of  gaols  has  often  proved  infeftious  ; 
and  we  had  a-  fatal  proof  of  this,  by  the  acci- 
dent that  happened  fome  years  lince  at  the  Old  Bailey 
fefTions.  After  that,  Ventilators  were  ufed  in  the  pri- 
fon,  which  w^ere  worked  by  a fmall  wu'ndmill,  placed 
on  the  top  of  Newgate  ; and  the  prifou  became  more 
healthy. 

Dr.  Flales  farther  fuggefls,  that  Ventilators  might 
be’  of  ufe  in  making  fait  ; for  which  purpofe  there 
/hdnld  be  a ilream  of  water  to  work  tliem  ; or  they 
might  be  worked  by  a windmill,  and  the  brine  fliould 
be  in  long  nirrovv  canals,  covered  with  !)>iards  of  can- 
vas, about  a foot  above  the  fiirfaceof  the  brine,  to  con- 
fine the  dream  of  air,  fo  as  to.  make  it  a6i  upon  the  fur- 
face  of  the  brine,  and  carry  off  the  water  in  vapours. 
Thus  it  might  be  reduced  to  a dry  fait,  wuth  a faving  of 
fuel,  in  winter  anci  fummer,  or  in  rainy  weather,  or  any 
date  of  the  air  whatever.  Ventilators,  he  apprehends, 
might  alfo  ferve  for  drying  linen  hung  in  low,  long, 
narrow  galleries,  efpecially  in  damp  or  rainy  weather, 
and  alfo  in  drying  woollen  cloths,  after  they  are  fulled 
or  dyed  ; and  in  this  cafe,  the  Ventilators  might  be 
worked  by  the  fulling  water-mill.  Ventilators  might 
alfo  be  an  ufeful  appendage  to  malt  and  hop  kilns  ; and 
the  fame  author  is  farther  of  opinion,  that  a ventilation 
of  warm  dry  air  from  the  adjoining  dove,  with  a cau- 
tious hand,  might  be  of  ftrvice  to  trees  and  plants  in 
greec-houfes  ; where  it  is  well  known  that  air  full  of 
the  rancid  vapo.ui-s  which  perfplre  from  the  plants,  is 
very  unkindly  to  them,  as  well  as  the  vapours  from 
buman  bodies  are  to  men  ; for  frefli  air  is  as  necedary 


to  tire  healthy  date  of  vegetables,  as  of  animals. — Ven- 
tilators are  alfo  of  excellent  ufe  for  drying  corn,  hops, 
and  malt. — Gunpowder  may  be  thoroughly  dried,  t.y 
blowing  air  up  through  it  by  means  of  Ventilators  ; 
which  is  of  great  advantage  to  the  drengih  of  it. 
Thcfe  Ventilators,  even  the  fmaller  ones,  vviii  alfo  ferve 
to  purify  mod  cafdy,  and  effedlually,  the  bad  air  of  a 
fliip’s  well,  before  a perfon  is  fent  down  into  it,  by 
blowing  air  through  a trunk,  reaching  near  the  bottom 
of  it.  And  in  a fimilar  manner  may  dinking  water, 
and  ill  tafVed  milk,  &c,  be  fweetened,  viz,  by  pafling 
a current  of  air  thraugh  them,  from  bottom  to  top, 
which  will  carry  the  odenfiv-e  particles  along  with  it. 

For  thefe  and  other  ufes  to  which  they  might  be 
applied,  as  well  as  for  a paiticular  account  of  the 
condrudlion  and  difpofition  of  Ventilators  in  (hips,  hof- 
pitals,  prlfons,  Nc,  and  the  benefits  attending  them, 
fee  Hales’s  Treatiie  on  Ventilators,  part  2 paffim  ; and 
the  Philof.  Tranf.  vol  49,  p.  .332. 

The  method  of  drawingolf  air  from  diips  by  means 
of  fire-pipes,  which  fome  have  preferred  to  V’entilators, 
was  publifhed  by  Sir  Robert  Moray  in  the  Philof. 
Trank  for  1665.  Thefe  are  metal  pipes,  about 
inches  diameter,  one  of  which  reaches  from  the  fire- 
place to  the  well  of  the  ihlp,  . and  other  three  branches 
go  to  other  parts  of  the  (hip  ; the  dove  hole  and  afh 
hole  being  doled  up,  tlie  dre  is  fupplied  with  air- 
through  thefe  pipes.  The  defeds  of  thefe,  compared 
with  A'entilators,  are  particularly  examined  by  Dr* 
Hales,  uhi  fupra,  p.  i 13. 

In  the  latter  part  of  the  year  1741,  M.  Trievvald, 
military  architect  to  the  king  of  Svveden,  informed  the 
iecretary  to  the  PvOyal  Society,  that  lie  had  in  the  pre- 
ceding fpring  invented  a machine  for  the  ufe  of  Ihips 
of  war,,  to  draw  out  the  foul  air  from  under  their  decks,, 
which  exhaufted  36172  cubic  feet  of  air  in  an  hour,  or 
at  the  rate  of  21732  tuns  in  24  hours.  In  1742  he 
fent  one  of  thefe  to  France,  which  was  approved  of 
by  the  Academy  of  Sciences  at  Paris,  and  the  navy 
of  France  was  ordered  to  be  funiidied  with  the  like 
Ventilators*  ^ 

Mr.  Erafmus  King  propofed  to  have  Ventilators 
worked  by  the  fire  eng-ines,  in  mines.  And  Mr.  Fitz - 
gerald  has  fuggeded  an  improved  method  of  doing 
this,  which  he  has  alfo  illufifatcd  by  hgures.  See- 
Philof.  Tranf.  vol,  50,  p,  727. 

'Tliere  are  various  ways  of  Ventilation,  or  changing 
the  air  of  rooms,  Mr.  Tidd  contilved  to  admit  frelh  air 
into  a room,  by  taking  out  the  middle  upper  fafli  pane 
of  glafs,  and  hxiiig  in  its  place  a fianye  box,  with  ti 
round  hole  in  its  middle,  about  6 or  7 inches  dlanie- 
ter  ; in  which  hole  are  fixed,  behind  each  other,  a fet 
of  fails  of  very  thin  broad  copper-plates,  which  fpread 
over  and  cover  the  circular  hole,  fo  as  to  make  the  air 
which  enters  the  room,  and  turning  round  thefe  fads,  to 
fpread  round  in  thin  fheets  fidevvays;  and  fo  not  to 
incommode  perfons,  by  blowdng  diredlly  upon  them,, 
as  it  would  do  if  it  were  not  hindered  by  the  faih. 

This  method  however  Is  very  unfeemly  and  difagree- 
able  in  good  rooms  : and  therefore,  in  head  of  it,  the 
late  Ingenious  Mr.  John  Whitehmft  fubdituled  ano- 
ther ; which  w'as,  to  open  a fmall  fqiiare  or  redlangiar 
hole  in  the  party  wall  of  the  room,  in  the  upper  part 
near  the  deling,  at  u corner  or  part  diiiant  from  the 

fire.  ■ - 
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; cind  before  it  be  placed  a tbin  piece  of  metal  Oi 
pafteboard  &c,  attached  to  tbe  wall  in  Its  lower  part 
iuft  below  tbe  bole,  but  declining  from  it  upwards,  io 
as  to  give  tbe  air,  that  enters  by  the  bole,  a dnedtion 
upwards  againft  tbecieling,  along  wliicb  it  fweeps  and 
difperfes  iifelf  through  tbe  room,  without  blowing  in  a 
current  ao-ainft  any  perfon.  Ibis  method  is  very  uiehii 
to  cure  fmoky  chimneys,  by  thus  admitting  conveni- 
ently freflrair.  A pidture  placed  before  the  bole  pi.e- 
vents  the  fight  of  it  from  disfiguring  the  room..  T.nls, 
«and  many  other  m.etbods  of  V entilating,  he  meant  to 
diave  publllbed,  and  was  occupied  upon,  when  death 
put  an  end  to  bis  ufeful  labours.  Theie  have  f nee  been 
■publifned,  viz  in  17945  4to,  by  Dr.  Willan.^ 

VENUS,  in  Aitronomy,  one  of tbeg'nferior  planets, 
but  tbe  brigbtefl  and  to  appearance  tbe  largeft  ot  all 
the  planets  ; and  is  defgned  by  tbe  maii-^  5^  , iuppofed 
pg  ^ rude  reprefentatioii  of  a female  figuie,  v^lth  her 

trailing  robe.  ,,11 

Venus  is  eafily  diftinguifbed  from  all  tbe_  otlier 

planets,  by  iier  wbitenefs  and  brigditnefs,  in  wbieb  fne 
exceeds  all  tbe  ref,  even  Jupiter  himfelf,  and  which 
■is  fo  confiderable,  that  in  a.  dufey  place  fie  caufes  an 
■objedt  to  projedl  a fenfble  fiadow,  and  fie  is  often 
vliible  in  tbe  day-time.  Eler  place  in  tbe  fyflem  is  the 
fecond  from  the  fun,  viz,  between  Mercury  and  tbe 
earth,  and  In  magnitude  is  about  equal  to  tbe  earth,  or 
rather  a little  larger  according  to  Dr.  Herfcbel’s  obfer- 

vations.  ••111 

As  Venus  moves  round  tbe  fun,  in  a circle  beneath 

that  of  the  earth,  fie  is  never  feeii  in  oppof  tion  to  him, 
iior  indeed  very  far  from  him  ; but  feems  to  move  back- 
ward and  forwaul,  paffng  him  from  fde  to  fide,  to  the 
dif  ance  of  about  47  or  48  degrees,  both  ways,  wdiich 

'is  her  greatefl  elongation.  . , • r 

When  fie  appears  weft  of  the  fun,  wliicb  is  from  hei 
inferior  conjundllon  to  her  fuperior,  fiie  rifes  befoie 
him,  or  is  a morning  fiar,  and  is  called  P hojphorus,  or 
Lucifer,  or  tbe  Morning  Star  ; and  when  fie_  is  eail- 
wards  from  tbe  fun,  which  is  from  her  biperior  con- 
jundlion  to  her  inferior,  fie  fets  after  him,  or  is  an 
evening  far,  and  is  called  H efperus , or  Pefper,  ox  tbe 
Evening  far : being  each  of  tbofe  in  its  turn  for  290 

Tbe  real  diameter  of  Venus  is  nearly  equal  to  that 
of  the  earth,  being  about  79*^®  miles  ; hei  apparent 
mean  diameter  feen  from  the  earth  59  feen  fiom  tbe 
fun,  or  her  horizontal  parallax,  3*^  > but  as  feen  fiom 
the  earth  i8^^’79  according  to  Di»  Iderfcbel  . hei^  dil- 
tance  from  tbe  fun  70  million  of  miles  ; her  eccentiiclty 
„„7^^tbs  of  tbe  fame,  or  490,000  miles  ; the  inclination 
^of  her  orbit  to  tbe  plane  of  tbe  ecliptic  3°  23';  the 
points  of  their  interfedfion  or  nodes  are  14  of  n and 

j the  place  of  her  aphelion  /OCC'  4*^  2.0  ; bei  axis  in- 
clined to  her  orbit  75^0';  her  periodical  courfe  round 
tbe  fun  224  days  17  hours;  tbe  diurnal  rotation 
round  her  axis  very  uncertain,  being  according  to  Caf- 
fini  only  23  hours,  but  according  to  the  obiervations  m 
Bianchini  it  Is  in  24  days  8 hours  ; though  Pr.  Herichel 
thinks  it  cannot  be  fo  much,  bee  alio  Planets. 

Venus,  when  viewed  through  a telefcope,  is  rarely 
feen  to  fiine  with  a full  face,  but  has  pbafes  and 
changes  juft  like  tbofe  of  tbe  moon,  being  increafing, 
4ecreafing,  honied,  gibbous,  &c  ; her  illuminated  part 


being  conftantly  turned  toward  tbe  fun,  or  dlredlecl  to- 
ward the  eaft  when  fie  is  a morning  far,  and  toward 
the  weft  when  an  evening  ftar. 

Thefc  difibrent  pbafes  of  Venus  were  firft  difeovered 
by  Galileo  ; who  thus  fulfilled  the  predidlion  of  Coper- 
nicus : for  when  this  excellent  aftronomer  revived  the 
ancient  Pythagorean  fyftem,  afferting  tliat  tbe  earth 
and  planets  move  round  tbe  fun,  it  w^as  objected  that 
In  bib  a cafe  tbe  pbafes  of  Venus  fiould  refenible  tbofe 
of  tlie  moon  ; to  which  Copernicus  replied,  that  fome 
time  or  other  that  refembiaiice  would  be  found  out. 
Galileo  fent  an  account  of  tbe  firft  difeovery  of  tliefe 
pbafes  in  a letter,  written  from  Florence  in  161 1,  to 
Wiliiam  de  iMedicI,  the  duke  of  Tufeany’s  ambalTador 
at  Prague  ; defiring  him  to  communicate  it  to  Kepler. 
Tlie  letter  is  extant  In  the  preface  to  Kepler’s  Diop- 
trics, and  a tianfatlon  of  It  in  Smith’s  Optics,  p.  416. 
Elavim^  recited  the  obiervations  be  had  made,  he  adds, 

‘‘  We  Tiave  lienee  tbe  moft  certain-,  feiifible  decifion  and 
demonftiatlon  of  two  grand  queftions,  which  to  this 
day  have  been  doubtful  and  dlfputed  among  tbe  greateft 
iT.aftcrs  of  reafon  in  tbe  world.  One  is,  that  the  planets 
ill  their  own  nature  are  opake  bodies,  attiibutlng  to 
Mercury  what  we  have  feen  111  Venus  : and  tlie  other 
is,  that  Venus  necelfarily  moves  round  tbe  fun  ; as  alfo 
blercury  and  tbe  other  planets;  a thing  well  believed 
indeed  by  Pythagoras,  Copernicus,  Kepler,  andmyfelf, 
but  never  yet  proved,  as  now  it  is,  by  ocular  infpedtiou 
upon  Venus.” 

CalTini  and  Campani,  in  tbe  years  1665  and  1666, 
difeovered  fpots  In  tbe  face  of  Venus : from  the  ap- 
pearances of  which  tbe  former  afeertained  her  motion 
round  her  axis  ; concluding  that  this  revolution  was 
performed  in  lefs  than  a day  ; or  at  leaft  that  the  bright 
fpot  which  be  obferved,  finiOicd  its  period  either  by 
revolution  or  llbration  in  about  23  hours.  And  dc  la 
Hire,  in  1 700,  through  a telefcope  of  16  feet,  diico- 
vered  fpots  in  Venus  ; which  be  found  to  be  larger  than 
tbofe  in  tbe  moon. 

The  next  obfervations  of  tbe  fame  kind  that  occur, 
are  tbofe  of  fignior  Binancbini  at  Rome,  in  1726,  17^7’ 
1728,  wlio,  with  Campani’s  glaffes,  difcoveied  leveral 
dark  fpots  in  the  dife  of  Venus,  of  which  be  gave  an 
account  and  a reprefentation  in  liis  book  entitled  Hefperi 
et  Pbofpborl  NTva  Phenomena,  publlflied  at  Rome 
in  1728.  From  feveral  fuccefiive  obfervations  Bian- 
cbini  concludes,  that  a rotation  of  Venus  about  her 
axis  was  not  completed  In  23  hours,  as  Caffini  imagined, 
but  in  24^  days;  that  the  north  pole  of  this  rotation 
faced  tbe  20th  degree  of  Aquarius,  and  was  elevated 
15”  above  the  plane  of  the  ecliptic,  and  that  tbe  axis 
kept  parallel  to  itfelf,  during  the  planet’s  revolution 
about  tbe  fun.  Cafiini  tbe  fon,  tliougli  he  admits  the 
accuracy  of  BianchInI’s  obfervations,  difputes  the  con- 
clufion  drawn  from  them,  and  finally  obferves,  chat  if 
we  fuppofe  the  period  of  tbe  rotation  of  Venus  to  be 

23  b.  20  min.  It  agrees  equally  well  with  the  obfervations 
both  of  bis  father  and  Bianchini ; but  if  ftie  revolve  in 

24  d.  8 b.  then  his  father’s  obfervations  inuft  be  rejecieo 
as  of  no  confequeiice. 

In  the  Phllof.  Tranf,  1792,  are  publiftied  tbe  refults 
of  a courfe  of  obfervations  on  tbe  planet  Venus,  begun 
in  tbe  year  1780,  by  Mr.  Schroeter,  of  Libentlial, 
Bremen.  From  tbefe  obfervations,  the  author  infers, 

that 
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*hat  Venus  lias  an  atmofphere  in  Tome  rerpccls  fimilar 
to  that  of  our  earth,  but  far  exceeding  tliat  of  the  moon 
in  denfity,  or  power  to  weaken  the  rays  of  the  fun  : 
that  the  diurnal  period  of  this  planet  is  probably  much 
longer  than  that  of  other  planets  : that  the  moon  alfo 
has  an  atmofphere,  though  lefs  denfe  and  high  than 
that  of  Venus  : and  that  the  mountains  of  this  planet 
are  5 or  6 times  ashigli  as  thofe  on  the  earth. 

Dr.  Herfcheltoo,  between  the  years  1777  and  1795, 
has  made  a long  feries  of  obfervations  on  this  planet, 
accounts  of  which  are  given  in  the  Philof.  Tranf.  for 
1793.  The  refults  of  thefe  obfervations  are  : that  the 
planet  revolves  about  its  axis,  but  the  tirUc  of  it  is  un- 
certain ; that  -the  p*ofition  of  its  axis  is  alfo  very  un- 
certain : that  the  planet’s  atmofphere  is  very  confider- 
able  : that  the  planet  has  probably  hills  and  inequalities 
on  its  furface,  but  he  has  not  been  able  to  fee  much 
of  them,  owing  perhaps  to  the  great  denfrty  of  its 
atmofphere?  as  to  the  mountains  of  Venus,  no  ^eye, 
he  fays,  which  is  not  confiderably  better  than  his,  or 
affifted  by  much  better  indruments,  will  ever  get  a 
fight  of  them : and  that  the  apparent  diameter  of  Venus, 
at  the  mean  dillance  from  the  earth,  is  from 

whence  it  may  be  inferred,  that  tin’s  planet  is  fomewhat 
larger  than>  the  earth,  inilead  of  being  lefs,  as  former 
adronomers  have  imagined. 

Sometimes  Venus  is  feen  in  the  dife  of  the  fun,  in 
form  of  a dark  round  fpot.  Thefe  appearances,  called 
Tranfits,  happen  but  feldom,  viz,  when  the  earth  is 
about  her  nodes  at  the  time  of  her  inferior  conjunflion. 
One  of  thefe  tranfits  was  feen  in  England  in  1639  ^7 
Mr.  Horrox  and  Mr.  Crabtree  ; and  two  in  the  prefent 
century,  viz,  the  one  June  6,  1761,  and  the  other  in 
June  1769,  There  will  not  happen  another  of  them 
till  the  year  1874.  See  Parallax. 

Except  fuch  tranfits  as  thefe,  Venus  exhibits  the 
fame  appearances  to  us  regularly  every  8 years  ; her 
. conjundlions,  elongations,  and  times  of  rifing  and 
fetting,  being  very  nearly  the  fame,  on  the  fame  days, 
as  before. 

In  1672  and  1686,  Caffini,  with  a telefcope  of  34 
feet,  thought  he  faw  a fatellite  move  lound  this  planet, 
at  the  didance  of  about  ^ of  Venus’s  diameter.  It 
had  the  fame  pliafes  as  Venus,  but  without  any  well 
defined  form  ; and  its  diameter  fcarce  exceeded  ^ of  the 
diameter  of  Venus.  Dr.  Gregory  (Aftron.  lib.  6, 
prop.  3)  thinks  it  more  than  probable  that  this  was  a 
fatellite ; and  fiippofes  that  the  reafon  why  it  is  not 
more  frequently  feen,  is  the  unfitnefs  of  its  furface  to 
refledf  the  rays  of  the  fun’s  light ; as  is  the  cafe  of  the 
fpots  in  tlic  moon  ; for  if  the  wliole  dife  of  the  moon 
were  compofed  of  fuch,  he  thinks  Ihe  could  not  be  feen 
fo  far  as  to  Venus. 

IMr.  Short,  in  1740,  with  a refledling  telefcope  of 
l6-|  inches  focus,  perceived  a fmall  dar  near  Venus  j 
with  another  telefcope  of  the  fame  focus,  magnifying 
50  or  60  times,  and  fitted  with  a micrometer,  he  found 
its  didance  from  Venus  about  10^;  and  with  a mag^ 
iiifying  powder  of  240,  he  obferved  the  dar  afliime  the 
fame  phafes  with  Venus  ; its  diameter  feemed  to  be 
about  I,  or  fomewhat  lefs,  of  the  diameter  of  Venus  ; 
its  light  not  fo  bright  and  vivid,  but  exceeding  diarp 
and  well  defined.  He  viewed  it  for  the  fpace  of  an 
hour  ; but  never  had  thegood  fortune  to  fee  it  after  the 
VoL.  II. 


fil'd  moining.  Philof.  Tranf.  number  479,  p.  646,  ot* 
A-br.  vol.  8,  p.  208. 

M.  Monfaign,  of  Limoges  in  France,  preparing  for 
obferving  the  tranfit  of  1761,  difeovered  In  the  preced- 
ing month  of  May  a fmall  dar,  about  the  didance  ol 
20’  from  Venus,  the  diameter  of  it  being  about  J of 
that  of  the  planet.  Others  have  alfo  thought  they 
faw  a like  appearance.  And  indeed  it  mud  be  ac- 
knowledged, that  Venus  may  have  a fatellite,  though 
it  is  difficult  for  us  to  fee  it*  Its  enlightened  fide  can 
never  be  fully  turned  towards  us,  but  when  Venus  is 
beyond  the  fun  ; in  which  cafe  Venus  herfelf  appear^ 
little  bigger  than  an  ordinary  liar,  and  therefore  her 
iatelllte  may  be  too  fmall  to  be  perceived  at  fuch  a 
dldance.  When  Ihe  is  between  us  and  the  fun,  her 
moon  has  its  dark  fide  turned  towards  us;  and  when 
Venus  is  at  her  greated  elongation,  there  is  but  half 
the  enlightened  fide  of  the  moon  turned  toward  U3, 
and  even  then  it  may  be  too  far  dill  ant  to  be  feen  by 
us.  But  it  was  prefumed,  that  tlie  two  tranfits  of 
1761,  and  1769,  would  afford  opportunity  for  deter- 
mining this  point  ; and  yet  we  do  not  find,  although 
many  obfervers  diredled  their  attention  to  this  object, 
that  any  fatellite  was  then  feen  in  the  fun’s'dlic  ; unlefs 
we  except  two  perfons,  viz,  an  anonymous  writer  in 
the  I.ondon  Chronicle  of  May  18,  wlio  lays  that  he 
faw  the  fatellite  of  Venus  on  the  fun  the  day  of  the 
tranfit,  at  St.  Neot’s  in  Hiintingdonfliire  ; that  it  moved 
in  a track  parallel  to  that  of  Venus,  but  nearer  the 
ecliptic;  that  Venus  quitted  the  fun’s  dife  at  31  mi-i. 
nutes  after  8,  and  the  fatellite  at  6 minutes  alter  9 ; 
and  M.  Montaign  at  Limoges,  whofe  account  of  his 
obfervations  is  in  the  Memoirs  of  the  Academy  of 

d 

Pai  •is,  from  whence  the  following  certificate  is  ex- 
trailed  : — Certificate.  We  having  examined,  by 
order  of  the  Academy,  the  remarks  of  M.  Baudouin 
on  a new  obfervation  of  the  fatellite  of  Venus,  made 
at  Limoges  the  i ith  of  May  by  M.  Montaign.  This 
fourth  obfervation,  of  great  importance  for  the  theory 
of  the  fatellite,  has  fiiewn  that  its  revolution  muff  be 
longer  than  appeared  by  the  firff  three  obfervations. 
M.  Baudouin  believes  it  may  be  fixed  at  12  days? 
as  to  its  diffance,  it  appears  to  him  to  be  50  femi- 
diameters  of  Venus  ; whence  he.  infers  that  the  mafs  of 
^Tnus  is  equal  to  that  of  the  earth.  This  mafs  of 
Venus  is  a very  effential  element  to  affronomy,  as  it 
enters  into  many  computations,  and  produces  different 
phenomena  ; &c. 

Signed  L’  Abbe  De  La  Caille, 

De  La  Lande.” 

VERBEllATION,  in  Phyfics,  a term  iifed  to  et- 
prefs  the  caufe  of  found,  which  arifes  from  a Verbera- 
tion  of  the  air,  wlien  ftruek,  in  divers  manners,  by  the 
feveral  parts  of  the  fonoions  body  firff  put  into  a vibra- 
to! v motion. 

VERNAL,  fomething  belonging  to  the  fpring  fea- 
fan:  as  veinal  iigns,  vernal  equinox,  &;c. 

VERNILR,  is  a fcale,  or  a divilion,  well  adapted 
for  the  graduation  of  mathematical  inftruments,  fo 
called  from  its  inventor  Peter  Vernier,  a gentleman  of 
Eranche  Comte,  wlio  communicated  the  difeovery  to 
the  world  in  a fmall  tradl,  entitled  La  Conftrudlion, 
I’Ufagc,  et  les  Proprietez  du  Quadrant  Nouveau  de 
Mathen  affque  &c,  printed  at  Biulfels  in  163  u This 
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an  improvement  on  the  method  of  divifion  propofed 
by  jacobus  Curtius,  printed  by  Tycho  in  Clavius  s 
Atlrolabe,  in  1593-  Vernier’s  method  of  divilion,  or 
dividing’  plate,  has  been  very  commonly)  though  eiro- 
peoufly,  called  by  the  name  of  Nonius  ; the  method  of 
Nonius  b-eing  very  diitereiit  from  that  of  Vernier^  and 
much  lefs  convenient. 

V/hen  the  relative  unit  of  any  line  is  fo  divided  into 
many  fmrdl  equal  parts,  thofe  parts  may  be  too  numerous 
TO  be  introduced,  or  if  introduced,  tliey  may  be  too. 
clofe  to  one  another  to  be  readily  counted  or  elHmated; 
for  which  reafon  there  have  been  various  methods  con- 
trived for  eftimating  the  ahquot  parts  of  the  fmall  divl- 
fions,  ’into  which  the  relative  unit  of  a line  may  be 
commodiouOy.  divided  ; and  among  thofe  methods, 
iVenrier’s  has  been  molt  julily  preferred  to  all  others. 
For  the  hiilorv  of  this,  and  other  inventions  of  a fimilar 
nature,,  fee  R.obius’s  i\Iath.  Fraifls,  vol,  2,  p. -26^, 
&c. 

Vernier’s,  fcale  \s  a fmrdl  moveable  arch,  or  fcale, 
Riding  along  the  limb  of  a quadrant,  or  any  other 
graduated  fcale,  and  divided  into  equal  parts,  that  are 
one  lefs  in  number  than  the  divifions  of  the  portion 
®f  the  limb  correfponding  to  it.  So,  if  we  want  to 
fubdivide  the  graduations  on  any  fcale  into  for  ex.  10 
equal  parts  ; we  mud  make  the  Vernier  equal  in  kngth 
to  1 1 of  thofe  graduations  of  the  fcale,  but  dividing 
the  fame  length  of  the  Vernier  itielf  only  into  IQ  equal 
parts;  for  then  it  is  evident  that  each  divifion  on  the 
Vernier  will  be  part  longer  than  the  gradations 

on  the  inllrument,  or  that  the  divifion  of  the  former  is 
equal  to  of  the  degree  on  the  latter,  as  that  gams  i. 
in  10  upon  this. 

Thus  let  AB  be  apart  of  the 
upper  end  of  a barometer  tube, 
the  quickfilver  Banding  at  the 
point  C ; from  zB  to  3^  is  a 
part  of  the  fcale  of  inches,  viz, 
from  28  inches  to  3 1 inches, 
divided  into  loths  of  inches; 
and  the  middle  piece,  from  i ta 
10,  is  the  Vernier,  that  Bides 
up  and  down  in  a groove,  and 
having  lO  of  its  divifions  equal 
to  II  tenths  of  the  inches,  for 
the  purpefe  of  fubdividing  every 
3.0th  of  the  inch  into  10  parts, 
or,  the  inches  into  centefms  or 
tooth  parts.  In  pradtice,  the 
method  of  counting  is  by  ob- 
fgrving  (when  the  Vernier  is- 
fet  with  its  index  at  top  point- 
ing exaejy  againB  tlie  upper 
idrface  of  the  mercury  in  the 

tube)  which  divifion  of  the  Vernier  it  is  tliat  exactly,, 
on  neareB,  coincides  wirh  a,  divifion  in  the  fcale  of  lOths 
of  inches,  for  that  will  fiiew  the  number  of  icoths,. 
over  the  loths  of  inches  next  below  the  index  at  top. 
So,  in  the  annexed  figure,  the  top  of  the  Vernier  is 
between  2 and  3 tenths  above  the  30  inches  of  the 
barometer;  and  becaufe  the  8th  divifion  of  the  Ver- 
nier is  feen  to  coincide  with  a divifion  of  the  fcale,  this 
Ihews  that  It  is  8 centefms  more  ; fo  that  the  height 
of  the  quickfilver  altogether,  is  30’28,  is,  30 


inches,  and  28  hundredths,  or  2 tenths  and  8-  liun-. 
dredths. 

If  the  fcale  were  not  inches  and  loths,  but  degrees- 
of  a quadrant,  &c,  then  the  8 wmuld  be  -/^of  a degree^ 
or  48^  ; or  if  every  divifion  on  the  fcale  be  lo  minutes, 
then  the  Vernier  will  fubdivide  it  Into  fingle  minutes, 
and  the  8 wdll  then  be  8 minutes.  And  fo  for  any. 
other  cafe. 

By  altering  the  number  of  divifions,  either  in  the 
degrees  or  In  the  Vernier,  or  la  both,  an  angle  can  be.- 
obferved  to  many  different  degrees  of  accuracy.  Thus,., 
if  a degree  onaquadiant  be  divided  into  12  parts,  each 
being  5 minutes,  and  the  length  of  the  Vernier  be  21, 
fiich  parts,  or  1°^,  and  divided  into  20  parts,  thea 
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is  the  fmalleff  divifion  the  Vernier  will  meafure  to  t- 
Or,  if  the  length  of  the  Vernier  be  1°  and  dividedc 
into  30: parts,  then 

I I 1°  1' 
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30  360 

is  the  fmallsB  part  ia  this  cafe ; 

if 
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50  600 

is  the  fmalleB  part  when  the  Vernier  extends  4°5>.. 
See  Robertfon’s  Navigation,  book  5,  p.  279. 

For  the  method  of  applying  the  Vernier  to  a quar 
drant,  fee  Hadley'' s QqjADRANT,  And  for  the  appli- 
cation of  it  to  a telefcope,  and  the  principles  of  its, 
conBrudiion,  fee  Smith’s  Optics,  book  3,  fe6l.  86 1, 

Y'ERSED-d'//zr,  of  an  arch,  is  the  part  of'the  diame- 
ter intercepted  between  the  fine  and  the  commencement, 
of  the  arc  ; and  It  is  equal  to  the  difference  between  the 
radius  and  the  cofine,.  See  VerfedSm'E.,  And  for., 
CQverfed fine^  fee  CoverseD‘-»S'/W, 

VERTEX'  of  an  Angle^  is  the  angular  point,  or  the 
point  where  the  legs  orfides  of  the  angle  meet. 

Vertex  of  a Figure^  is  the  uppermoB  point,  or  the 
vertex  of  the  angle  oppofite  to  the  bafe. 

Vertex  of  a Cur^ue,  is  the  extremity  of  the  axis 
or  diameter,  or  it  is  the  point  where  the  diameter 
meets  the  curve;  which  is  alfo  the  vertex  of  the  dia- 
meter. 

Vertex  of  a Glafs^  in  Optics,  the  fame  as  its  pole. 

Vertex  is  alfo  ufed,  in  ABronomy,  for  the  point 
of  the  heavens  vertically  or  perpendicularly  over  our 
heads,  alfo  called  the  zenith. 

Vertex,  Path  of  the.  See  Path. 

VERTICAL,  fomething  relating  to  the  vertex  or 
higheB  point.  As, 

Vertical  Pointy  in  ABronomy,  is  the  fame  with 
vertex,  or  zenith,. — Hence  a Bar  is  faid  to  be  Vertical, 
when  it  happens  to  be  in  that  point  which  is  perpen- 
dicularly over  any  place. 

Vertical  Circle y is  a great  circle  of  the  fphere,.. 
paffing  through  the  zenith  and  nadir  of  a place. — The 
\jertical  circles  are  alfo  called  azimuths*  The  merldiam 
of  any  place  is  a Vertical  circle,  viz,  that  particular 
one  which  paffes  through  the  north  or  fouth  point  of 
the  liorizon. — All  the  Vertical  circles  lnterfe<B  one 
another  ia.  the  zenith  and  nadir. 
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■ *fhe  life  of  tlie  Vertical  circles  is  to  eflimate  or 
mcafure  the  height  of  the  liars  &c,  and  their  didances 
i'rom  the  zenith,  uhich  is  reckoned  on  thefe  circles  ; 
and  to  find  their  tallern  and  vvellern  amplitude,  by 
cbferving  how  many  degrees  the  Vertical,  in  which 
the  liar  rifesor  lets,  is  dillant  from  the  meridian. 

Prims  Vertical,  is  that  Vertical  circle,  or  azimuth, 
which  palTes  through  the  poles  of  the  meridian  ; or 
which  is  perpendicular  to  the  meridian,  and  palfes 
•’through  the  equinodlial  points. 

Prime  Verticals,  in  Dialling.  See  Prims  Psr- 
tica/s. 

Vertical  of  the  Sursy  is  the  Vertical  which  pvaffes 
th  rough  the  centre  of  the  fun  at  any  moment  of  time. 
‘ — Its  ule  is,  in  DialHno-,  to  find  the  decimation  of  the 
plane  on  which  the  dial  is  to  be  drawn,  wliich  is  done 
by  obferving  how  many  degrees  that  Vertical  is  didant 
from  the  meridian,  after  marking  the  point  or  line  of 
the  diadow  upon  the  plane  at  any  times. 

Vertical  D/V/.  See  Vertical  Di  al. 

Vert  iCAL  Linsy  In  Dialling,  is  a line  in  any  plan-e 
perpendicular  to  the  horizon. — — This  is  bell  found 
and  drawn  on  an  eredl  and  reclining  plane,  by  (Icadlly 
holding  up  a llring  and  plummet,  and  then  marking 
two  points  of  tire  diadow  of  the  thread  on  the  ])laiie, 
'a  good  didance  from  one  another  : and  drawing  a line 
through  thefe  marks. 

Vertical  Lincy  in  Conics,  is  a Ifne  drawn  on  the 
Vertical  plane,  and  through  the  vertex  of  the  cone. 

Vertical  Liney  in  PerfjreClive.  See  Vertical 

Vertical  Plansy  in  Conics,  is  a plane  palling 
■ through  the  vertex  of  a cone,  and  parallel  to  any  conic 
feclion. 

Vertical  in  Perfpedtive.  See  Plane  and 

Perspective. 

Vertical  Anglesy  or  Oppofite  AngleSy 
dn  Geometry,  are  fuch  as  have  their 
legs  or  fides  continuations  of  each  other, 
mnd  which  confequently  have  the  fame 
■vertex  or  angular  point.  So  the  angles 
a and  b are  Vertical  angles  ; as  alfo  the 
angles  c and  tL 

VERTICITY,  is  that  property  of  the  magnet  or 
•loaddone,  or  of  a needle  &:c  touched  with  it,  by  wliich 
it  turn-s  or  diretls  itfelf  to  forae  peculiar  point,  as  to 
its  pole. — The  attradfion  of  the  magnet  w’as  known 
long  before  its  Verticity. 

VERU,  a comet,  according  to  fome  writers,  re- 
sembling a fpit,  being  nearly  the  fame  as  the  lonchites, 
only  its  head  is  rounder,  and  its  train  longer  and  (harper 
pointed. 

VESPER,  in  Adronomy,  called  alfo  Hefperusy  and 
the  Even'ng  Star,  is  the  planet  Venus,  when  fhe  is 
eadwatd  of ‘the  fun,  and  confeq'uently  fets  after  him, 
and  fliities  as  an  evening  dar. 

VESPERTINE, ‘in  Adronomy,  is  when  a planet 
is  defeending  to  the  w^ed  after  fun-fet,  or  Ihiires  as  an 
evening  dar. 

VIA  Lactea,  in  Adrom.my,  the  milky  way,  or 
'Galaxy.  See  Galaxy.  * 

Via  Solis,  or  JhVs  'ivay,  is  ufed  among  adrono- 
»ners,  for  the  ecliptic  Hue,  or  path  in  which  the  fun 
-fcemR  always  to  move. 

VIBRATION,  in  Mechanics,  » regtdar  reciprocal 


motion  of  a body,  as,  for  exam.ple,  a pendulum,  which 
being  freely  fufpended,  fwings  or  vibrates  from  fide  to 
fide. 

Mechanical  authors,  inflead  of  Vibration,  often  ufc 
the  term  ofcillationy  efpecialiy  when  fpeaking  of  a body 
that  thus  I'vings  by  means  of  its  own  gravity  or  weight. 

The  Vibrations  of  the  fame  pendulum  are  all  iTo^ 
clironal  ; that  is,  they  are  performed  in  an  equal  time, 
at  lead  in  the  fame  latitude  ; for  in  lower  latitudes  they 
are  found  to  be  flower  than  in  higher  ones.  See  Pen*- 
r>ULUM.  In  our  latitude,  a pendulum  39^  inches  long, 
vibrates  feconds,  making  60  Vibrations  in  a minute. 

d he  Vibrations  of  a longer  pendulum  take  up  more 
time  than  thole  of  a lliorfcr  one,  and  that  in  the  fub~ 
duplicate  ratio  of  the  lengths,  or  the  ratio  of  the  fquare. 
roots  of  the  lengths.  Thus,  if  one  pendulum  be  40 
incl'.es  long,  and  anotlver  only  10  inches  loivr,  the 
f-ormer  will  be  double  the  lime  ofthc  latter  in  performing 
a Vibration  ; for  v/qo  : ^ i o : : : y- j , that  is  at 

2 to  I . And  beeaufe  the  number  of  V^ibrations,  made 
in  any  given  time,  is  reciprocally  as  the  duration  of 
one  Vibration,  therefore  the  number  of  fuch  Vibration?^ 
is  in  the  reciprocal  fubduplicate  ratio  of  the  leiip-ths  of' 
the  pendulums. 

M.  Moutoir,  a pried:  of  Lyons,  wrote  atreatife,  ex- 
prcfsly  to  (hew,  that  by  means  of  the  number  of  Vibra- 
tious  of  a given  pendulum,  in  a certain  time,  may  be 
ellabli filed  an  univerfal  meafure  throughout  the  whole 
world  ; and  may  fix  the  feveral  mea fares  that  are  in  ufe 
•among  ns,  in  fuch  a manner,  as  that  they  might  be 
recovered  again,  if  at  any  time  they  fliould  chance  to 
be  loft,  as  is  the  cafe  of  moft  of  the  ancient  meafures 
which  we  now  only  know  by  conjedlure. 

The  Vibrations  of  a Stretci-ed  ClAord,  or  String, 
•arlfe  from  its  elafticity  ; which  power  beino-  in  tlilc 
.cafe  fimilar  to  gravity^  as  adling  uniformly,  the  Vibra- 
tions of  a chord  follow  the  fame  laws  as  thofe  of  pen- 
dulums. Confequently  the  Vibrations  of  the  fame 
chord  equally  ftretclied,  though  they  be  of  unequal 
lengths,  are  Ifochronal,  or  are  performed  in  equal 
times;  and  the  fquares  of  the  times  of  Vibration  are  to 
one  another  inverfcly  as  their  tcnfions,  or  powers  by 
which  they  are  ftretched. 

The  Vibrations  of  a fpring  too  are  proportional  to 
the  powers  by  which  It  is  benu  Thefe  follow  the. 
fame  laws  as  thofe  of  the  chord  and  pendulum  ; and 
confequently  are  ifochional ; which  is  the  foundation 
of  fpring  watches. 

Vibrations  arc  alfo  ufed  in  Phyficsy  &c,  and  for 
feveral  other  regular  alternate  motions.  Seiifation,  for 
inftance,  is  fuppofed  to  be  performed  by  means  of  the 
vibratory  motion  of  the  contents  of  the  nerves,  beguu 
by  external  objects,  and  propagated  to  the  brain. 

This  dodlrine  has  been  particularly  illuftrated  by  Dr, 
Hartley,  who  lias  extended  it  farther  tliun  any  other 
writer,  in  eftablifhing  a new  theory  of  oiir  mental 
ouerations, 

i. 

The  fame  ingenious  author  alfo  applies  the  doclt in? 
of  Vibrations  to  the  explauat  ion  of  maifcular  motion, 
which  lie  thinks  is  performed  in  the  fame  general  man- 
ner as  fenfation  and  the  perception  of  ideas.  For  a 
particular  account  of  his  theory,  and  the  argumenU 
by  which  it  is  fupported,  fee  his  Obfervations  on  Man, 
•vol.  I. 
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The  feveral  forts  and  rays  of  light,  Nc  conceives 
to  make  Vibrations  of  clivers  magnitudes  j wnich,  ac- 
cording to  thofe  magnitudes,  excite  fenfations  ofleveral 
colours;  much  after  the  fame  manner  as  ^Vibrations 
of  air,  according  to  their  feveral  magnitudes,  ex- 
cite fenfations  of  feveral  iounds.  See  the  aiticle  Co- 
lour. ‘ , 

Heat,  according  to  the  fame  author,  is  only  an 

accident  of  light,  occafioned  by  the  rays  putting  a 
line,  fubtile,  ethereal  medium,  which  pervades  all  bo- 
dies, into  a vibrative  motion,  which  gives  us  that  fen- 
iation.  See  Heat. 

From  the  Vibrations  or  pulfes  of  the  fame  medium, 
he  accounts  for  the  alternate  fits  of  eafy  reflexion  and 

eafy  tranlmifiion  ofthe  rays. 

' Tn  the  Pliilofopltical  Tranfadtions  It  is  obferved,  that 
the  butterfly,  Into  which  the  filk-worm  is  transformed, 
.makes  i 30’ Vibrations  or  motions  of  its  wings,  in  one 
coition. 

VIETA  (Francis),  a very  celebrated  French  ma- 
thematician, was  born  in  154^  Fontenai,  or  Fontenal- 
ie*Comte,  in  Lower  Poitou,  a province  of  France. 
He  was  Alafler  of  Requells  at  Pans,  where  he  died  in 
1603,  being  the  63d  year  of  his  age.  Among  other 
branches  of  learning  in  which  he  excelled,  he  was  one 
of  the  mofl  refpedlable  mathematicians  of  the  16th 
century,  or  indeed  of  any  age.  His  writings  abound 
with  marks  of  great  originality,  and  the  fineft^  genius, 
as  well  as  intenle  application.  PIis  application  was 
fuch,  that  he  has  fometimes  remained  In  his  fludy  for 
three  days  together,  without  eating  or  deeping.  His 
inventions  and  Improvements  In  all  parts  of  the  mathe- 
matics were  very  condderable.  Pie  was  in  a manner 
the  inventor  and  introducer  of  Specious  Algebra,  in 
which  letters  are  ufed  inflead  of  numbers,  as  well  as 
of  many  beautiful  theorems  in  that  fcience,  a full  ex- 
planation of  which  may  be  feen  under  the  article  Al- 
gebra.  Pie  made  allb  condderable  improvements  in 
<reometry  and  trigonometry.  His  angular  fedtions  are 
a very  ingenious  and  maderly  performance:  by  thefe 
he  was  enabled  to  refolve  the  problem  of  Adrian  Roman, 
propofed  to  all  mathematicians,  amounting  to  an  equa- 
tion of  the  45th  degree.  Ronaanus  was  fo  ftriick  with 
his  fa^^acity,  that  he  immediately  quitted  his  refidence 
of  Wirtzbourg  in  Franconia,  and  came  to  France  to  vifit 
him,  and  foliat  his  friendfliip.  His  Apollonius  Gallus, 
beino-  areftoration  of  Apollonius’s  trad  on  Tangencies, 
and  many  other  geometrical  pieces  to  be  found  in  his 
%vorks,  fhew  the  dneft  tafte  and  genius  for  true  geome- 
trical fpeculations.— He  gave  fome  mafterly  trads  on 
Trigonometry,  both  plane  and  fpherical,  which  may 
be  found  in  the  colledion  of  his  works,  publifhed  at 
Leyden  in  1646,  by  Schooten,  beddes  another  large 
and  feparate  volume  in  folio,  publifhed  in  the  author’s 
life-time  at  Paris  in  1379,  containing  extendve  trigo- 
"’nometr ical  tables,  with  the  conflrudion  and  ufe  of  the 
fame,  which  are  particularly  deferibed  in  the  intro- 
(liidion  to  my  IjOganthms,  pa.  4 complete 

treatlfe  on  Trigonometry,  plane  and  fpherical,  are 
fnbjolned  ieveral  mifcellaneous  problems  and  obferva- 
tions,  fuch  as,  the  quadrature  of  the  circle,  the  dupli- 
cation of  the  cube,  &c.  Computations  are  here  given 
of  the  ratio  of  the  diameter  of  a circle  to  the  circumfe- 
rence, and  of  the  length  of  the  fine  of  1 minute,  both 


to  a great  many  places  of  figures ; by  which  he  found 
that  the  fine  of  i minute  is 

between  2908881959 
and  2908882056; 

alfo  the  diameter  of  a circle  being  1000  &c,  that  the 
perimeter  of  the  inferibed  and  circumferibed  polygon 
of  393216  Tides,  will  be  as  follows,  viz,  the 

perira.  of  the  Inferibed  polygon  31415926335 

perim.  of  thecircumfcrlbedpolygon  31415926537 

and  that  therefore  the  circumference  of  the  circle  lies, 
between  thofe  tw©  numbers. 

Vieta  having  obferved  that  there  were  many  faults 
in  the  Gregorian  Calendar,  as  it  then  extfted,  he  com- 
pofed  a new  form  of  it,  to  which  he  added  perpetual 
canons,  and  an  explication  of  It,  with  remarks  and 
objedtions  againft  Clavius,  whom  he  acciifed  of  having 
deformed  the  true  Lelian  reformation,  by  not  rightly 
underflanding  it. 

Befides  thofe,  it  feems  a work  greatly  efteemed,  and  ' 
the  lofs  of  which  cannot  be  fufficiently  deplored,  was 
his  Harmonicon  which,  being  communicated  to 

father  Merfenne,  was,  by  fome  perfidious  acquaintance 
of  that  honefl-minded  perfon,  furreptitloufly  taken  from 
him,  and  irrecoverably  lofl,  or  fiippreffed,  to  the  great 
detriment  of  the  learned  world.  There  were  alfo,  it 
is  fald,  other  works  of  an  aflronomical  kind,  that  have 
been  buried  in  the  ruins  of  time. 

Vieta  was  alfo  a profound  decipherer,  an  accora- 
plifhment  that  proved  very  ufeful  to  his  country.  As 
the  different  parts  of  the  Spanifli  monarchy  lay  very 
diflant  from  one  another,  when  they  had  occafion  to 
communicate  any  fecret  defigns,  they  wrote  them  in 
ciphers  and  unknown  charaefters,  during  the  diforders 
of  the  league  : the  cipher  was  com po fed  of  more  than 
500  different  charadlers,  which  yielded  their  hidden 
contents  to  the  penetrating  genius  of  Vieta  alone.  Hift 
fkill  fo  difconcerted  the  Spanifh  councils  for  two  years, 
that  they  pubiiflied  it  at  Rome,  and  other  parts  of 
Europe,  that  the  French  king  had  only  difeovered  their 
ciphers  by  means  of  magic, 

VINCULUM,  in  Algebra,  a mark,  or  chara61:er, 
either  drawn  over,  or  Including,  or  fome  other  way 
accompanying,  a fiuffor,  divifor,  dividend,  &c,  when 
it  is  compounded  of  feveral  letters,  quantities,  or  terms, 
to  conned  them  together  as  one  quantity,  and  flievv 
that  they  are  to  be  multiplied,  or  divided,  &c,  toge- 
ther. 

Vieta,  I think,  firft  ufed  the  bar  or  line  over  the 

quantities,  for  a Vinculum,  thus  a b and  Albert 
Girard  the  parenthefis  thus  (a  h)%  the  former  way 
being  now  chiefly  ufed  by  the  Flnglifh,  and  the  latter 

by  moft  other  Europeans.  Thus  a b X c,  or 
h)  X c,  denotes  the  produd  of  c and  the  fimi 

a b confidered  as  one  quantity.  Alfo  \/a  -j-  b,  or 
a/ (a  bj,  denotes  the  fquare  root  of  the  fum  a b, 
Sometimes  the  mark  : is  fet  before  a compound  fador, 
as  a Vinculum,  efpeclally  when  it  is  very  long,  or  an 
infinite  feries ; thus  3a  X : l ■—  2x  -j-  3^’^  — 4.^^  -h  y.U 
&c. 

VINDEMIATRIX,  or  Vindemiator,  a fixed  flar 
of  the  third  magnitude,  in  the  northern  wing  of  the 
conftellatlon  Virgo, 

VIRGO, 
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VIRGO,  In  Adronomy,  one  of  the  figns  or  con- 
Aellations  of  tlie  zodiac,  which  the  fun  enters  about 
the  2 id  or  2 2d  of  Auguft  ; being  one  of  the  48  old 
condeliations,  and  is-  mentioned  by  the  aftronomers  of 
all  ages  and  nations,  whofe  works  have  reached  us. 
Anciently  the  figure  was  that  of  a girl,  alinoft  naked, 
with  an  ear  of  corn  in  her  hand,  evidently  to  denote 
the  time  of  harved  among  the  people  vvlio  invented 
this  fign,  whoever  they  were.  But  the  Greeks  much 
altered  the  figure,  with  clothes,  wings,  6c c,  and  vari- 
oufly  explained  the  origin  of  it  by  their  own  fables  : 
thus,  they  tell  us  that  the  virgin,  now  exalted  into 
the  Ikies,  was,  while  on  earth,  that  jullitia,  the  daugh- 
ter of  Afiraeus  and  Ancora,  who  lived  in  the  golden 
age,  and  taught  mankind  their  duty  ; but. who,  when 
their  crimes  increafed,  was  obliged  to  leave  the  earth, 
and  take  her  place  in  the  heavens.  Again,  Hefiod 
gives  the  celeftial  maid  another  origin,  and  fays  file 
was  the  daughter  of  Jupiter  and  TlieiTiis.  '’I'herc  are 
alfo  others  who  depart  from  both  thefe  accounts,  and 
make  her  to  have  been  Erigone,  the  daughter  of 
Icarius  : wEile  others  make  her  Parthene,  the  daughter 
' of  Apollo,  who  placed  her  there  ; and  others,  from  the 
ear  of  corn,  make  it  a reprefentation  of  Ceres  ; and 
others,  from  the  obfeurity  of  her  head,  of  Fortune. 

The  ancients,  as  they  gave  each  of  the  12  months  of 
the  year  to  the  care  of  fame  one  of  the  12  principal 
deities,  fo  they  alfo  threw  into  the  protection  of  each 
of  thefe  one  of  the  1 2 figns  of  the  zodiac.  Hence 
Virgo,  from  the  ear  of  corn  in  her  hand,  naturally  fell 
to  the  lot  of  Ceres,  and  we  accordingly  find  it  called 
Signum  Cereris. 

The  bars  in  the  conftellation  Virgo,  in  Ptolomy’s 
catalogue,  are  32  ; in  Tycho’*  33  ; in  Hevelius’s  50  ; 
and  in  the  Britannic  1 10.. 

VIRTUAL  Focus,  in  Optics,  is  a point  in  the 
axis  of  a glafs,  Avherc  the  continuation  of  a refracled 
ray  meets  it.  Thus,  let  D be  the  centre,  and  X>BE 


the  axis  of  the  glafs  AB  ; upon-  w hich  falls  the  ray 
FA.  Now'  this  ray  wull  not  proceed  llraight  forward, 
as  AH,  after  pafling  the  glafs,  but  w'ill  take  the  courfe 
AK,  being  defleded  from  the  perpendicular  AD.  If 
then  the  refradled  ray  KA  be  produced,  by  AE,  to  the 
axis  at  E,  this  point  E Mr,  Molineux  calls  the  Virtual 
ii  focus,  or  point  of  divergence. 

VIS,  a Latin  word,  fignifying  force  or  powder; 

;i  adopted  by  writers  on  phyfics,  to  exprefs  divers  kinds 
of  natural  powers  or  faculties. 

, The  term  Vis  is  either  adlive  or  pafTivc  : the  P^is 
f UBiva  is  the  power  of  producing  motion  ; the  Pds 
pajftva  is  that  of  receiving  or  lofing  it.  The  Vis 
• aiiiva  is  again  fubdivided  into  Vis  viva  and  Tii  tnor- 
tua. 

Vis  Ahfoluta,  or  ahfolute  force,  is  that  kind  of  cen- 
tripetal force  which  is  raealured  by  the  motion  that 
would  be  generated  by  it  in  a given  body,  at  a given 
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didance,  and  depends  on  the  efficacy  of  the  caufe  pro- 
ducing it. 

Vis  Acccleratrix,  or  accelerating  force,  is  that  centri- 
petal force  which  produces  an  accelerated  motion,  and 
is  proportional  to  the  velocity  wdrich  it  generates  In 
a given  time  ; or  it  is  as  the  motive  or  ablolute  force 
diredlly,  and  as  the  quantity  of  matter  moved  In- 
ver fely. 

Vis  Imprejfa  is  defined  by  New'ton  to  be  the  adllon 
exercifed  on  any  body  to  change  Its  date,  either  of  reft 
or  moving  uniformly  in  a riglit  line. 

Tills  force  confids  altogether  in  the  aiTtion  and  has 
no  place  in  the  body  after  the  action  Is  ceafed  : for  the 
body  perfeveres  in  every  new  date  by  the  Vis  inertl'Z 
alone. 

This  Vis  impreda  mav  arlfc  from  various  caiifes ; as? 
from  percuffion,  preffion,  and  centripetal  force. 

Vis  Incrtitc,  or  power  of  Inadtivitv,  is  defined  by 
Newton  to  be  a power  Implanted  in  all  matter,  by  which 
it  refids  any  change  endeavoured  to  be  made  in  its 
date,  that  Is,  by  which  it  becomes  difficult  to  alter 
Its  date,  either  of  red  or  motion. 

This  pow’er  then  agrees  with  tlie  J’^ls  rejijiendi,  or 
power  of  refiding,  by  vThich  every  body  endeavours, 
as  much  as  It  can,  to  pei  fevere  in  its  own  date,  whether 
of  red  or  uniform  recfillnear  motion  ; wliich  power  Is 
dill  proportional  to  the  body,  or  to  the  quantity  of 
matter  in  it,  the  fame  as  the  weight  or  gravity  of  tlic 
body  ; and  yet  It  Is  quite  different  from,  and  <even  in- 
dependent of  the  force  of  gravity,  and  would  be  and 
a6f;  juft  the  fame  if  the  body  were  devoid  of  gravity. 
Thus,  a body  by  this  force  refids  the  fame  in  all  direc- 
tions, upwards  or  downwards  or  obliquely  ; whereas 
gravity  adts  only  downwards. 

Bodies  only  exert  this  power  in  changes  brought  on 
their  ffate  by  fome  Vis  imprejfa,-  force  imprefi'ed  on 
them.  And  the  exercife  of  this  power  is,  in  different 
refpeefts,  both  refidance  and  impetus;  refidance,  as 
the  body  oppofes  a force  impreffed  on  it  to  change  its 
date  ; and  impetus-,  as  the  fame  body  endeavours  to 
change  the  date  of  the  refiiling  obdacle.  Phil.  Nat* 
Princ.  Math.  lib.  i. 

The  Vis  inertia,  the  fame  great  author  elfewhere 
obferves,  Is  a paffive  principle,  by  which  bodies  peifific 
in  their  motion  or  red,  and  receive  motion,  in  propor- 
tion to  the  force  Impreffing  it,  and  redd  as  much  as 
they  are  refided.  See  Resistance. 

Vis  Infita,  or  lunate  force  of  matter,  is  a power  of 
redding,  by  which  every  body,  as  much  as  in  it  lies, 
endeavours  to  perfevere  in  Its  prefent  date,  whether  of 
red  or  of  moving  uniformly  forward  in  a right  line. 
This  force  is  always  proportional  to  the  quantity  of 
matter  in  the  body,  and  differs  in  nothing  from  the 
Vis  Inertia;,  but  In  our  manner  of  conceivino:  It. 

Vis  Centripeta.  See  Centripetal  Force. 

Vis  Motrix,  or  moving  force  of  a centripetal  body. 

Is  the  tendency  of  the  whole  body  Lou'tirds  the  centre, 
refulting  from  the  tendency  of  all  the  parts,  and  Is  pro- 
portional to  the  motion  which  it  generates  in  a given 
time  ; fo  that  the  Vis  motrix  is  to  the  Vis  acccleratrix, 
as  the  motion  is  to  the  celerity  : and  as  the  quantity 
of  motion  In  a body  is  edimated  by  theprodu6l  of  the 
a-locity  into  the  quantity  of  matter,  fo  the  Vis  motrix 
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t,viles  froai  the  Vis  acceleratrix  multiplied  by  the  quan- 
tity of  matter. 

The  followers  of  Leibnitz  ufe  the  terrn  Pis  motrix 
tor  the  force  of  a body  in  motion,  in  tlie  fame  fenfe  as 
the  Newtonians  ufe  the  term  F'ls  v.iertic  ; this  latter 
they  allow  to  be  inherent  in  a body  at  reft  ; but  the 
formerj  or  Vis  rnotrix,  a force  inherent  in  the  fame 
body  only  whiUl  in  motion,  which  a<^fuaily  carries  it 
horn  place  to  place,  by  -adling  upon  it  always  with  the 
hone  inteniity  in  every  phyftcai  part  of  the  line  which 
it  dcicribes. 


Vis  Morts^a^  and  Vis  in  Mechanics,  are 

terms  ufed  by  Leibnitz  and  bis  followers  for  force, 
4yhich  they  difttnguilh  into  two  kinds,  FIs  morlua,  and 
/Vj-  viva  ; unclerftanding  by  the  former  any  kind  of 
prtfTare,  or  an  endeavour  to  move,  not  fufficieiit  to  pro- 
duce adlual  motion,  unlefs  its  adlion  on  a body  be  con- 
tinued for  fome  time  ; and  by  the  latter,  that  force  or 
power  of  adiing  which  rcfides  in  a body  in  motion. 

VISIBLE,  lomcthing  that  is  an  objedf  of  viiion  or 
Gght,  or  the  properly  of  a thing  fe-en. 

The  Carte fians  fay  that  light  alone  is  the  proper  ob- 
jccft  orvifjon.  Bvt  according  to  Newton,  colour  alone 
is  the  proper  objedl  of  fight  4 colour  being  that  property 
of  light  by  which  the  light  itfeh  is  Vilible,  and  by 
which  the  images  of  opake  bodies  are  painted  on  the 
retina. 


/ 


As  to  the  Situation  and  Place  of  P^ifibJe  OPfBs  : 


Philofophcrs  in  general  had  formerly  taken  for  grant- 
ed,  tliat  the  place  to  which  the  eye  refers  any  Vifible 
dqedf,  feen  by  reftedlion  or  refradlion,  is  that  in  which 
the  vifual  ray  meets  a perpendicular  from  the  objedt 
upon  the  refledfting  or  the  refradbingplane.  That  Un's 
Is  the  cafe  wuth  refpedl  to  plane  mirrors  is  univerfally 
acknowledged  ; and  fome  experiments  with  mirrors  of 
otiier  forms  feem  to  favour  the  fame  conclufion,  and 
• thus  afford  reafon  for  extending  the  analogy  to  all  cafes 
. ofvlfjoii.  If  a right  line  be  held  perpendicularly  over 
a convex  or  concave  mirror,  its  image  feems  to  make 
one  line  with  it.  The  fame  is  the  cafe  with  a riglit 
line  held  perpendicularly  within  water  ; for  the  part 
wffrich  is  within  the  water  feems  to  be  a continuation 
of  that  whicli  is  without.  But  Dr.  Barrow  called  in 
quefflon  this  method  of  judging  of  tlie  place  of  an  objedi, 
and  fo  opened  a new  field  of  inquiry  and  debate  in  this 
branch  of  fcience.  This,  with  other  optical  inveftiga- 
tions,  he  publiftied  in  his  Optical  Ledlures,  firft  printed 
in  1674.  According  to  him,  we  refer  every  point  of 
an  objedf  to  the  place  from  which  the  pencils  of  light 
ifTne,  or  from  which  tl.ey  would  have  ilTiied,  if  no  re- 
fit’dting  or  refradling  fubftance  intervened.  Purfulng 
this  principle,  Dr.  Barrow  proceeded  to  inveftlgate  the 
place  in  which  the  rays  ifftiing  from  each  of  the  points 
of  an  objeef,  and  that  reach  the  eye  after  one  refledlion 
or  refradlion,  meet  j and  he  found  that  when  the  re- 
fradfing  furface  was  plane,  and  the  refradlion  was  made 
from  ,a  denfer  medium  into  a rarer,  thofei  rays  would 
always  meet  in  a place  between  the  e^m  and  a perpen- 
dicular to  the  point  of  incidence.  If  a convex  mirror 
be  ufed,  the  cafe  will  be  the  fame;  but  if  the  mirror 
be  plane,'  the  rays  will  meet  in  the  perpendicular,  and 
bey, Olid  it  if  it  be^  concave.  He  aifo  deterJX*ined|  ac- 


cording to  tliefe  principles,  wliafc  form  the  iraage  of  a 
right  line  will  take  when  it  is  prefented  in  different 
manners  to  a fpherical  mirror,  or  when  it  is  feen  throuo-h 
a refradling  medium. 

Dr.  Barrow  however  notices  an  objedlion  againft 
the  maxim  above  mentioned,  concerning  the  fuppofed 
place  of  vifible  objedfcs,  and  candidly  owms  that  he  \va« 
not  able  to  give  a fatisfadlory  fohntion  of  it.  The  ob- 
jeClion  is  this Let  an  ohjedl  be  placed  beyond  the 
focus  of  a convex  lens,  and  if  the  eye  be  clofe  to  the 
lens,  it  wiii  appear  confufed,  but  very  near  to  its  true 
place.  If  the  eye  be  a little  withdrawn,  the  confufton 
wall  increafe,  and  the  objedl  will  feera  to  come  nearer; 
and  when  the  eye  is  very  near  the  focus,  the  confufion 
will  be  very  great,  and  the  objedl  wu'll  feem  to  be  clofe 
to  the  eye.  But 'in  this  experiment  the  eye  receives 
no  rays  but  thofe  that  are  converging  ; and  the  point 
from  which  they  iffue  is  fo  far  from  being  nearer  than 
the  objedl,  that  it  is  beyond  it  ; notwithftanding  which 
the  objedl  is  conceived  to  be  much  nearer  than  It  i§, 
though  no  very  diffindl  idea  can  be  formed  of  its  pre-‘ 
cife  diitance. 

The  firft  perfon  who  took  much  notice  of  Dr.  Bar- 
row’s hypothefis,  and  the  difficulty  attending  it,  was 
Dr.  Berkeley,  who  (in  his  Lffay  on  a New  Theory  qf 
Vifion,  p*  30)  obferves,  that  the  circle  formed  upon' 
the  retina,  by  the  rays  whicli  do  not  come  to  a focus, 
produce  the  fame  confufion  in  the  eye,  whether  they 
crofs  one  another  before  they  reach  the  retina,  or  teni 
to  It  afterwards  4 and  therefore  that  the  judgment 
concerning  diftance  wall  be  the  fame  in  both  the  cafes, 
w'ithout  any  regard  to  the  place  from  which  the  rays 
originally  iffued  ; fo  tlrat  in  this  cafe,  by  receding 
from  the  lens,  as  the  confufion  increafes,  which  always 
accompanies  the  nearnefs  of  an  objedl,  the  mind  will 
e that  the  ol^'edl  comes  nearer.  See 
Distance. 

M.  Bouguer  (in  his  Traite  d’  Optique,  p.  104) 
adopts  BarrowN  general  maxim,  in  fuppofing  that  we 
refer  ohjcdls  to  the  place  from  which  the  pencils  of 
rays  feeiningly  converge  at  their  entrance  into  the  pupil. 
But  when  rays  .iffue  from  below  the  furface  of  a veffel 
of  water,  or  any  other  refradling  rnedium,  he  finds 
that  there  are  always  two  different  places  of  this  feem- 
ing  convergence  : one  of  them  of  the  rays  that  iffiie 
from  it  in  the  fame  vertical  circle,  and  therefore  fall 
with  different  degrees  of  obliquity  upon  the  furface 
of  the  refradling  medium  ; and  another  of  thofe  that 
fall  upon  the  furface  wu’th  the  fame  degree  of  obliquity, 
entering  the  eye  laterally  wuth  refpedl  to  one  another. 
He  fays,  fometimes  one  of  thefe  images  is  attended  to 
by  the  mind,  and  fometimes  the  other  ; and  different 
images  may  be  obferved  by  different  perfons.  And  he 
adds,  that  an  objedl  plunged  in  Water  affords  an  ex- 
ample of  this  duplicity  of  images. 

G.  W,  Kraff't  has  ably 'fuppof ted  Barrow’s  opinion;' 
that  the  place  of  any  point  feen  by  refledlion  from  the 
furface  of  any  medium,  is  that  in  which  rays  iffuing 
from  it,  infinitely  near  to  one  another,  would  meet  ; and 
confidering  the  cafe  of  a diftant  objedl  viewed  m a 
concave  mirror,  by  an  eye  very  near  it,  when  the  image, 
according  to  Euclid  and  other  writers,  would  be  be- 
tween the  eye  and  the  objedl,  and  Barrow’s  rule  cannot 
be  applied,  he  fays  that  in  this  cafe  the 
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fee  eonfidered  a pdane,  the  effeft  being’  the  fame, 
only  that  the  image  Is  more  obfcure.  Com.  Petrepol. 
vol.  12,  p.  252,  256.  See  Priehley’s  Hill,  of  Light 
&c,  p.  89,  688. 

From  the  principle  above  illLillrated  feveral  remarka- 
ble phenomena  of  vifion  may  be  accounted  for  ; as — 
That  if  the  dlllan  ce  between  two  Vlflble  objeds  be  an 
angL  that  is  infenfible,  the  dlllant  bodies  will  appear 
as  if  contiguous  : whence,  a continuous  body  being 
the  refult  of  feveral  contiguous  ones,  If  the  diftances 
between  feveral  Vifibles  fubtend  Infenfible  angles,  they 
will  appear  one  continuous  body ; which  gives  a pretty' 
illullration  of  the  notfon  of  a continuum.-— Hence  alfo 
parallel  lines,  and  long  villas,  confiillng  of  parallel 
rows  of  trees,  feem  to  converge  more  and  more  the 
farther  they  are  extended  from  the  eye  ^ and  the  roofs 
and  floors  of  long  extended  alleys  feen,  the  former  to 
defeend,  and  the  latter  to  afeend,  and  approach  each 
other ; becaufe  the  apparent  magnitudes  of  their  per- 
pendicular intervals  are  perpetually  dlminilhing,  while 
at  the  fame  time  w'e  raillake  their  dillance. 

As  to  the  Different  Dffances  of  VVihle  Ohje&s  : 

The  mind  perceives  the  dillance  of  Viflble  objedls, 
ill,  From  the  dlflferent  configurations  of  the  eye,  and 
the  manner  in  which  the  rays  llrike  the  eye,  and  in 
which  the  Image  is  imprefled  upon  it.  For  the  eye 
difpofes  itfelf  dlflerently,  according  to  the  dilferent 
dillances  it  is  to  fee ; viz,  for  remote  objects  the  pu- 
is  dilated,  and  the  ci*yllalline  brought  nearer  the 
retina,  and  the  whole  eye  is  made  more  globous ; 
on  the  contrary,  for  near  objedls,  the  pupil  is  con- 
tradled,  the  cryftalline  thrufl  forwards,  and  the  eye 
lengthened.  The  mode  of  performing  this  however, 
has  greatly  divided  the  opinions  of  philofophers.  See 
Priellley’s  Hill,  of  Li^t  &c,  p.  638 — 6y2,  where  the 
feveral  opinions  of  JDefcartes,  Kepler,  La  Hire, 
are  Le  Roi,  Porterfield,  Jurin,  Muflehenbroek,  &:c, 
Hated  and  examined^ 

Again,  the  dillance  of  Vifible  objects  is  judged  of 
by  the  angle  the  objedl  makes;  from  the  dillindl  or 
confufed  reprefentatlon  of  the  objecls  ; and  from  the 
briflenefs  or  feeblenefs,  or  the  rarity  or  d’enfity  of  the 
rays. 

To  this  it  is  owing,  iH,  That  objecls  which  appear 
obfcure  or  confufed,  are  judged  to  be  more  remote  ; a 
principle  which  the  painters  make  ufe  of  to  caufe  fome 
of  their  figures  to  appear  farther  dillant  than  others  on 
the  fame  plane.  2d,  To  this  it  is  likewife  owing, 
that  rooms  whofe  walls  are  whitened,  appear  the  fmall- 
er  ; that  fields  covered  with  fnow,  or  white  flowers, 
/hew  lefs  than  when  clothed  with  grafs  ; that  moun- 
tains covered  with  fnow,  in  the  night  time,  appear  the 
rearer,  and  that  opake  bodies  appear  the  more  remote 
in  the  twilight. 

T'h'e  Magnitude  of  Vifthle  Ohjeds, 

The  quantity  or  magnitude  of  Vifible  objedls,  is 
known  chiefly  by  the  angle  contained  between  two 
rays  drawn  from  the  two  extremes  of  the  objedl  to  the 
centre  of  the  eye.  An  objedl  appears  fo  large  as  is  the 
ingle  it  fubtends ; or  bodies  feen  under  a greater  angle 
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appear  greater;  and  thofc  under  a lefs  angle  lefs, 
&c.  Hence  the  fame  thing  appears  greater  or  lefs 
as  it  I5  nearer  the  eye  or  farther  off.  And  this  is' 
called  the  apparent  magnitude. 

But  to  judge  of  the  real  magnitude  of  an  obje6l,  wc' 
mull  confider  the  dillance  ; for  fince  a near  and  a remote 
objedl  may  appear  under  equal  angles,  though  the  mag- 
nitudes be  different,  the  dillance  mull  neceflarily  be 
efllmated,  becaufe  the  magnitude  is  great  or  fmall  ac- 
cording as  the  dillance  is.  So  that  the  real  magnitude 
is  in  the  compound  ratio  of  the  dillance  and  the  appa- 
rent magnitude  ; at  leall  when  the  fubtended  angle,  or 
apparent  magnitude,  is  very  fmall ; otherwife,  the  real’ 
magnitude  will  be  in  a ratio  compounded  of  the  dif- 
tance  and  tlie  line  of  the  apparent  magnitude,  nearly, 
or  nearer  Hill  its  tangent. 

Hence,  objecL  feen  under  the  fame  angle,  have  their 
magnitudes  in  the  fame  ratio  as  their  diftances.  The 
chord  of  an  arc  of  a circle  appears  of  equal  magnitude 
fi'om  evTry  point  in  the  circumfeixmce,  though  one 
point  be  vallly  nearer  than  another.  Or  if  the  "eye  he 
fixed  in  any  point  in  the  circumference,  and  a rip-ht 
hue  be  moved  round  fo  as  its  extremes  be  always  in  the 
periphery,,  it  will  appear  of  the  fame  magnitude  in 
pery  pofition.  And  the  reafon  is,  becaufe  the  angle 
it  fubtends  is  always  of  the  fame  magnitude.  And' 
hence  alio,  the  eye  being  placed  in  any  angle  of  a re- 
gular polygon,  the  Tides  of  it  will  all  appear  of  equal 
magnitude  ; being  ail  equal  chords  of  a circle  defer ibed 
about  ft. 

If  the  miagnitude  of  an  objedl  diredlly  oppofite  to 
the  eye  be  equal  to  Its  dillance  from  the  eye,  the  whole 
objedl  will  be  dillindlly  feen,  or  taken  in  by  the  eye,  but 
nothing  more.  And  the  nearer  you  approach  an  object, 
the  lefs  part  you  fee  of  it. 

dhe  leall  angle  under  which  an  ordinary  objedl 
becomes  vifible,  is  about  one  minute  of  a degree. 

Of  ihe  Figure  of  V'fthlt  Ohje&s . 

Th  is  is  ellimated  chiefly  from  our  opinion  of  the 
fituation  of  the  feveral  parts  of  the  object.  This  opi- 
nion of  the  fituation,  &c,  enables  the  mind  to  appre- 
hend an  external  objedl  under  this  or  that  figure,  more 
jullly  than  any  limilitude  of  the  images  in  the  retina, 
with  the  objeft  can  ; the  images  being  often  elliptica'},. 
oblong,  &c,  when  tlie  objedls  they  exhibit  to  tlr..‘ 
mind  are  circles,  or  fquares,  &c. 

The  laws  of  vifion,  with  regard  to  the  figures  of 
Vifible  objedls,  are, 

1.  That  if  the  centre  of  the  eye  be  exadtlv  in  the- 
diredllon  of  a- right  line,  the  line  will  appear  only  as  a 
point, 

2.  If  the  eye  be  placed  in  the  diredlion  of  a furfacc,- 
it  will  appear  only  as  a line. 

3.  If  a body  be  oppofed  diredtiy  towards  the  eye^, 
fo  as  only  one  plane  of  the  furface  can  radiate  on  it,  the 
body  will  appear  as  a furface. 

4.  A remote  arch,  view’cd  by  an  eye  in  the  fame- 
plane  with  it,  will  appear  as  a right  line. 

5.  A fpherc,  viewed  at  a dillance,  appears  a circle,- 

6.  Angular  figures,  at  a dillance,  appear  round. 

7.  If  the  eye  look  obliquely  on  the  centre  of  a 
regular  figure,  or  a circle,  the  true  figure'  will  not- 
be  feen  ; but  the  circle  w'ill  appear  ov^l,  &c. 
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Visible  Honzouj  PlacCf  cifi*.  See  tlie  fubilari- 
tives. 

VISION,  is  the  a6l  of  feeing,  or  of  perceiving  ex- 
ternal objefts  by  the  organ  ol  fight. 

When  an  object  is  io  difpofed,  that  tlie  rays  of 
light,  coming  from  all  parts  of  it,  enter  the  pupil  of 
tlie  eye,  and  prefent  its  image  on  the  retina,  tliat  ob- 
ject is  then  feen.  This  is  proved  by  experiment  ; tor 
if  the  eye  of  any  animal  be  taken  out,  and  the  flein^ 
and  fat  be  carefully  ftripped  off  from  tlie^back  part  ol 
It,  till  only  the  thin  membrane,  wiiich  is  called  the 
retina,  remains  to  terminate  it  behind,  and  anyot^edf 
be  placed  before  the  front  of  the  eye,  the  pidture  of 
that  objedl  will  be  feen  figured  as  with  a pencil  on  that 
membrane.  There  are  thoufands  of  experiments  which 
prove  that  this  is  the  mechanical  efledl  of  Viiion,  or 
feeing,  but  none  of  them  all  appear  fo  conveniently  as 
this,  which  is  made  with  the  very  eye  itfelf  of  an  ani- 
mal ; an  eye  of  an  ox  newly  killed  lliews  this  happily, 
and  with  vdry  little  trouble.  It  will  indeed  appear  fin- 
gular  in  this,  that  tlie  objedl  is  inverted,  in  the  pidture 
thus  drawn  of  it,  in  the  eye  j and  the  cafe  is  the 
fame  in  the  eye  of  a living  perfon.  , . . . , 

Various  other  opinions  however  liave  been  held 
concerning  the  means  of  Vifion  among  philofo- 
phers. 

The  Platonifts  and  Stoics  held  Villon  to  be  effedted 
-by  the  emiffion  of  rays  out  of  the  eyes  ; conceiving 
tliat  there  was  a fort  of  light  thus  darted  oiit  ; which, 
with  the  light  of  the  external  air,  taking  hold  as  it 
were  of  the  objedfs,  rendered  them  vlfible  ; and  thus 
returning  back  again  to  the  eye,  altered  and  new  mo- 
dified by  the  contadf  of  the  objedl,  made  an  imprefTion 
on  the  pupil,  which  gave  the  fenfatioii  of  the  objecd. 

Our  own  countryman,  Roger  Bacon,  dllbinguifhed 
as  he  was  in  many  refpedfs,  alfo  affents  to  the  opinion 
that  vifual  rays  proceed  from  the  eye  ; giving  this  rea- 
fon  for  it,  that  every  thing  in  nature  is  qualified  to  dlf- 
charge  its,  proper  fundlions  by  its  own  powers,  in  the 
fame  manner  as  the  fun,  and  other  celeflial  bodies. 
Opus  Majlis,  pa.  289. 

The  Epicureans  held,  that  Vifion  is  performed  by 
the  emanation  of  corporeal  fpecies  or  images  from  ob- 
jedls  ; or  a fort  of  atomical  effluvia  continually  dying  off 
from  the  intimate  parts  of  objedfs,  to  the  eye. 

The  Peripatetics  hold,  with  Epicurus,  that  Vifion  is 
peidbrmed  by  the  reception  of  fpecies  ; but  they  differ 
from  him  in  the  circumffances  ; for  they  will  have  the 
fpecies  (which  they  call  intentionales')  to  be  incorporeal. 
It  is  true,  Ariffotle’s  doddrine  of  Vifion,  delivered  in 
his  chapter  De  Afpedlu,  ^mounts  to  no  more  tlian  this, 
that  objedfs  muff  have  fome  intermediate  body,  that  by 
this  they  may  move  the  organ  of  fight.  To  which  he 
adds,  in  another  place,  that  when  we  perceive  bodies, 
it  is  tlieir  fpecies,  not  their  matter,  that  we  receive  ; 
as  a feal  makes  an  Impreffion  on  wax,  without  the  wax 
receivincf  any  thing;  of  the  feal. 

But  this  vague  and  obfeure  account  tlie  Peripatetics 
have  thought  fit  to  improve.  Accordingly,  what  their 
mafter  calls  fpecies,  the  dlfciples,  iinderifanding  of  real 
proper  fpecies,  affert,  that  every  vifible  objedf  expreffes 
a.perfedf  Image  of  itfelf  In  the  air  contiguous  to  it; 
and  this  image  another,  fomevvhat  lefs,  in  the  next  air  ; 
and  the  third  another  ; and  fo  on  till  the  lull  image  ar- 
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rives  at  the  cryftalline,  which  they  hold  for  the  chief 
organ  of  fight,  or  that  which  immediately  moves  the 
foul.  Thefe  images  they  call  intentional  fpecies. 

The  modern  philofophers,  as  Ahe  , Cartefians  and 
Newtonians,  give  a better  account  of  Vifion.  They 
all  agree,  that  it  is  performed  by  rays  of  light  refledfed 
from  the  feveral  points  of  objedfs  received  in  at  the  pu- 
pil, refraa-ed  and  colleaed  in,  their  pafiage,  through 
the  coats  and  humours,  to  the  retina  ; and  this  ffriking, 
or  making  an  impreffion,  on  fo  many  points  of  it ; 
Which  impreffion  is  conveyed,  by  tbe.correfpondent  ca- 
pillaments  of  the  optic  nerve,  to  the  brain,  <!kc« 

Baptiffa  Portals  experiments  with  the  camera  ob- 
feura,  about  the  middle  of  the  i6tli  century,  convinced 
him  that  vifion  is  performed  by  the  intermiffion  of  fonie- 
thing  into  the  eye,  and  not  by  vifual  rays  proceeding 
from  the  eye,  as  had  been  the  general  opinion  before  his 
time  ; and  he  was  the  fir  ft  who  fully  fatisfied  himfelf 
and  others  upon  this  fubjedf  ; though  feveral  philofo* 
phers  ftill  adhered  to  the  old  opinion. 

As  for  the  Peripatetic  feries  or  chain  of  images,  it 
is  a mere  chimera  ; and  Ariftotle’s  meaning  is  better 
underftood  without  than  with  them.  In  fadf,  fetting 
thefe  afide,  the  Arlffotelian,  Cartefian,  and  Newtonian, 
dodfrines  of  Vifion,  are  very  confiftent  with  one  ano^ 
ther  ; for  Newton  imagines  that  Vifion  is  performed 
chiefly  by  the  vibrations  of  a fine  medium  (which  pene- 
trates all  bodies)  excited  in  the  bottom  of  the  eye  by 
the  rays  of  light,  and  propagated  through  the  capilla- 
ments  of  the  optic  nerves,  to  the  fenibrium.  And 
Des  Cartes  maintains,  that  the  fiin  preffing  the  materia 
fubtiiis,  with  which  the  whole  univerfe  is  every  where 
filled,  the  vibrations  and  pulfes  of  that  matter  refledfed  ' 
from  objedfs,  are  communicated  to  the  eye,  and  thence 
to  the  fenfory  : fo  that  the  adfion  or  vibration  of  a me- 
dium is  equally  fuppofed  in  all. 

It  is  generally  concluded  then,  that  the  images  of 
objedfs  are  repreiented  on  the  retina;  which  is  only  an  ex* 
panfion  of  the  fine  capillaments  of  the  optic  nerve,  and 
from  whence  the  optic  nerve  is  continued  into  the  brain. 
Now  any  motion  or  vibration,  impreffed  on  one  extre- 
mity of  the  nerve,  will  be  propagated  to  the  other : 
hence  the  impulfe  of  the  feveral  rays,  fent  from  the  fe- 
veral points  of  the  objedf,  will  be  propagated  as  they  arc 
on  the  retina  (that  is.  In  their  proper  colours,  &c,  or 
in  particular  vibrations,  or  modes  of  preffure,  corre- 
fponding  to  them)  to  the  place  where  thofe  capillaments 
are  interwoven  into  the  fubftance  of  the  brain.  And 
thus  Is  Vifion  brought  to  the  common  cafe  of  fen  fa* 

tion,  ^ . 

Experience  teaches  us  that  the  eye  is  capable  of 
viewing  objedfs  at  a certain  diftance,  without  any  men- 
tal exertion.  Beyond  this  diftance,  no  mental  exertion 
can  be  of  any  avail : but,  within  it,  the  eye  pjofleffes  a 
power  of  adapting  itfelf  to  the  various  occalions  that 
occur,  the  exercife  of  which  depends  on  the  volition  of  the 
mind.  How  this  is  effedfed,  is  a problem  that  has  very 
much  engaged  the  attention  of  optical  writers  ; but  it  is 
doubted  whether  it  has  yet  been  fatisfadforily  explained. 
The  firft  theory  for  the  folutlon  of  this  problem  is  that  m 
Kepler.  He  fuppofes  that  the  ciliary  procefles  contract 
the  diameter  of  the  eye,  and  lengthen  its  axis  by  amufeu- 
lar  power.  But  Mr.  Thomas  Young  (in  iome  ingenious 

Obfcvviitions  on  Vifion  in  the  Philol.  Tranf.  1793) 

ierves, 
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‘Serves,  lliat  thefe  proccfles  neither  appear  to  contain 
anymufcular  hbres,  nor  have  any  attachment  by  which 
they  can  be  capable  of  performing  this  aCfion, 

Des  Cartes  aferibed  this  contradfion  and  elongation 
to  a mufciilarity  of  the  crytlalline,  of  which  he  fup- 
j)oted  the  ciliary  proceflls  to  be  the  tendons  : but  he 
neither  demondrated  this  mufcularity,  nor  fufficiently 
coniidered  the  connection  with  the  ciliary  procefTes. 

De  la  Hire  allows  of  no  change  in  the  eye,  except 
the  contradion  and  dilatation  of  the  pupil  : this  opi- 
nion he  founds  on  an  experiment  which  Dr.  Smith  has 
thewn  to  be  fallacious.  Haller  adopted  his  hypothefis, 
iiotvvithdanding  its  inconlidency  with  the  piiuciples  of 
optics  and  contlant  experience. 

Dr.  Pemberton  fuppofes  that  the  cryilaliine  contains 
■mufcular  fibres,  by  which  one  of  its  furfaces  is  flatten- 
ed, while  the  other  is  made  convex  ; but  he  has  not  de- 
inoiidfated  the  exiftence  of  thefe  fibres  ; and  Ur.  Jurin 
has  proved  that  fueh  a change  as  this  is  inadequate  to 
the  efied. 

Dr.  P ortcrheld  conceives  that  the  ciliary  procefTes 
draw  the  cryilaliine  forward,  and  make  the  cornea  more 
convex.  But  the  ciliary  procefTes  are  incapable  of  this 
adion  ; and  it  appears  from  Dr.  Jurin’s  calculations, 
that  a fnfficient  motion  of  this  kind  requires  a very  vifi- 
bleincreafe  in  the  length  of  the  axis  of  the  eye  ; an  in- 
creafe  which  has  never  yet  been  obferved. 

Dr.  Jurin  maintains  that  the  uvea,  at  its  attachment 
to  the  cornea,  is  mufcular  ; and  that  the  contradf  ion  of 
this  ring  makes  the  cornea  more  convex.  But  this  hy- 
pothefis is  not  fufliciently  confirmed  by  obfervation. 

• Muflehenbroek  conjedures  that  the  relaxation  of  this 
ciliary  zone,  which  is  nothing  but  the  capfule  of  the 
vitreous  humour  where  it  receives  the  impreflion  of  the 
ciliary  procefTes,  permits  the  coats  of  the  eye  to  pufli 
forward  the  cryfialline  and  cornea.  Such  a voluntary 
relaxation  however,  Mr.  Young  obferves,  is  whollv 
without  example  in  the  animal  economy  : befides,  if  it 
adually  occurred,  the  coats  of  the  eye  could  not  ad  as 
he  conceives ; nor  could  they  ad  in  this  manner  with- 
cut  being  obferved.  He  adds,  that  the  contradion  of 
the  ciliary  zone  is  equally  inadequate  and  unnccefiary. 

Mr.  Young,  iiaving  examined  thefe  theories,  and 
fome  others  of  leis  moment,  proceeds  to  invefiigafe  a 
more  probable  folution  of  this  optical  difficulty, Ad- 

verting to  the  obfervation  of  Dr.  Porterfield,  thatthrfie 
who  have  been  couched  have  not  the  power  of  accom- 
modating the  eye  to  different  diflances  ; and  to  the  re- 
fledions  of  other  writers  on  this  fubjed  ; he  was  led  to 
conclude  that  the  rays  of  light,  emitted  by  objeds  at  a 
iTmall  cliltance,  could  only  be  brought  to  foci  on  the 
retina  by  a 'nearer  approach  of  the  cryilaliine  to  a fphe- 
rical  form  ; and  he  imagined  that  no  other  power  was 
capable  of  producing  this  change,  befide  a mufcularity 
of  part,  or  of  the  whole  of  its  capfule  : — but,  -on  clofely 
examining  firll  with  the  naked  eye  and  then  with  a 
magnifier,  the  cryilaliine  of  an  ox’s  eye  turned  out  of 
its  capfule,  he  difeovered  a llruclure  which  feemed  to 
remove  the  difficulties  iliac  have  long  embarralled  this 
branch  of  optics. 

**  Yhe  cryilaliine  of  the  ox,  fays  he,  iscompofedof 
various  firailar  coats,  each  of  which  confilis  affix  nrufcles, 
intermixed  with  a gelatinous  fubflance,  and  attached 

fix  membranous  tendons.  Three  of  the  tendons 
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are  anterior,  three  pollerior  ; their  length  is  abont 
two-thirds  of  the  femidiameter  of  the  coat  ; their  ar- 
rangement is  that  of  three  equal  and  eqiiidillant  rays, 
meeting  in  the  axis  of  the  cryilaliine ; one  of  the  ante- 
rior is  direded  towards  the  outer  angle  of  the  eye,  and 
one  of  the  poflerior  towards  the  inner  angle,  fo  that 
the  pollerior  are  placed  oppofite  to  the  middle  of  the 
intcrllices  of  the  anterior  : and  planes  palfing  through 
each  or  the  fix,  and  through  the  axis,  would  mark  on 
either  furface  fix  regular  equidillant  rays.  The  mufcular 
fibres  arife  from  both  Tides  of  each  tendon  ; they  di- 
verge till  they  reach  the  greatell  circumference  of  the 
coat  ; and,  having  palfed  it,  they  again  converge,  till 
they  are  attached  refpedively  to  the  fides  of  the  neared: 
tendons  of  the  oppofite  iurface.  The  anterior  or  pof- 
tcrior  portion  of  the  fix,  viewed  together,  exhibits  the 
appearance  of  three  penniform-radiated  miifcles.  The 
anterior  tendons  of  all  the  coats  are  fituated  in  the  lame 
planes,  and  the  pollerior  ones  in  the  cop/ciauations  of 
thefe  planes  beyond  the  axis.  Such  an  arrangement  of' 
fibres  can  oe  accounted  for  on  no  other  fuppofition  than 
that  of  mufcularity.  This  mafs  is  incloled  in  a flrong 
membranous  capfule,  to  which  it  is  loofely  connedted 
by  minute  velfels  and  nerves  ; and  the  conneclioii-is 
more  obfervable  near  its  greatell  circumference.  Be- 
tween the  mafs  and  its  capfule  is  found  a confiderable 
quantity  of  an  aqueous  fiuid,  the  liquid  of  the  cryf- 
talliiie. 


“ When  the  will  is  exerted  to  view  an  objedf  at  a 
fmall  dillance,  the  influence  of  the  mind  is  conveyed 
through  the  lenticular  ganglion,  formed  from  branches 
of  the  third  and  fifth  pair  of  nerves  by  the  filaments 
perforating  the  fclerotica,  to  the  orbiculus  ciliaris, 
which  may  be  confidered  as  an  annular  plexus  of 
nerves  and  velfels ; and  thence  by  the  ciliary  procelfes 
to  the  mufcle  of  the  cryilaliine,  which,  by  the  con- 
tradlion  of  its  fibres,  becomes  more  convex,  and  col- 
lects the  diverging  rays  to  a focus  on  tlie  retina.  The 
difpofition  of  fibres  in  each  coat  is  admirably  adapted 
to  produce  this,  change  ; for,  fince  the  leall  furface  that 
can  contain  a given  bulk  is  that  of  a fphere  (Slmplbn’a 
l-luxions,  pa.  486)  tlie  contraCllon  of  any  furface  mufl 
bring  its  contents  nearer  to  a fpherical  form.  The  li- 
quid of  the  cryilaliine  feems  to  ferve  as  a fyuovia  in  fa- 
cilitating the  morion,  and  to  admit  a fnfficient  change 
of  tlie  mufcular  part,  with  a fmaller  motion  of  the 
capfule. 


-Mr.  V oung  proceeds  to  enquire  whether  thefe  fi- 
bres can  produce  an  alteration  in  the  form  of  the  lens 
lufiiciently  great  to  account  for  the  known  elfeCls  ; and 
he  finds,  by  calculation,  that,  fnppoling  the  cryilaliine 
to  affume  a Iphtrical  form,  its  diamete:  will  be  64;* 
thoulandihs  of  an  inch,  and  its  focal  dillance  in  the  eve 
'926.  Then,  difregarding  the  thicknefs  of  the  cotnea, 
we  find  (by  Smith,  art.  '-^yo)  tliat  fuch  an  eye  will  col- 
l.eCl  thole  rays  on  the  retina,  which  diveige  from  a 
point  at  the  dillance  of  12  inches  and  8 tenths.  This 


is  a greater  change  than  is  necelfary  for  an  ox’s  eye- ; for 
if  it  be  fuppofed  capable  of  dillirAl  Vifion  at  a dillancf 
fomewhat  iefs  than  12  inches,  yet  it  is  probably  far 
fhort  of  being  able  to  tollccl  parallel  rays.  The  human 
cryfbliine  is  fufceptible  of  a much  greater  change  of 
form,  'i  he  ciliary  zone  may  admit  of  as  much  cxtenA 
lion  as  thii  diminution  of  the  diameter  of  the  cryltal- 
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fiiie  will  require  ; and  its  elafticity  will  affiR  tlie  cellular 
texture  of  the  vitreous  humour,  and  perhaps  the  ge- 
latinous part  of  the  cryilalline,  in  refloring  the  Indolent 
form. — Mr.  Young  appreJiends  that  the  fole^office  of  the 
optic  nerve  is  to  convey  ieiifation  to  the  brain  5 and  that 
the  retina  does  not  contribute  to  fnpply  the  lens  with 
nerves. — A.s  the  human  cryilalline  relembles  that  of 
the  ox,  it  may  reaiunably  be  prefumed  that  the 
aclion  of  both  organs  depends  on  the  iame  general 
principles. 

This  theory  of  Rlr,  Yonng^s  however  is  ilrongly  op“ 
pofed  by  Dr.  Hofack,  (Philof.  rranf.  i79‘-1-^  pait  2» 
pa.  196).  tie  conteils  the  exiilence  of  the  mufclcs, 
which  Mr.  Young  has  defcribed,  for  ieveral  reiiions. 
Firil,  from  the  tranfparency  they  mu!l  poilefs  ; other- 
wife  there  would  be  fome  irregularity  in  the  refradlion 
of  thofe  rays  which  pafs  through  the  ieveral  parts,  dif* 
fering  both  in  fliape  and  denfity.  Another  circum- 
Ifance  is  the  number  of  thefe  mulcles.  Mr.  Young*  de- 
fcribes  6 in  each  lamina  ; and  as  L.euwTiihoek  makes 
2000  laminae  in  all,  therefore  the  number  of  miifcles 
muft  amount  to  12  thoufand,  the  adlion  of  which,  Dr. 
Hofack  apprehends,  muil  exceed  comprehenfion.  but 
exiilence  of  thefe  mufcles  is  full  more  doubtful,  if 
the  accuracy  of  Dr.  Hofack’s  obiervations  be  admitted. 
Withtheaffidanceof  the  bell  glaifes,  and  with  the  greateil 
attention,  he  could  not  difcover  the  ftrudlure  of  the 
cryilalline  defcribed  by  Mr.  Young,  but  found  it  to  be 
perfedlly  tranlparent.  He  firil  obferved  the  lens  in  its 
vifcid  date,  and  then  expofed  -different  lenfes  to  a mo- 
derate degree  of  heat,  fo  that  they  became  opaque  and 
dry  ; and  it  was  eafy  to  fepm'Ste  the  diilinfl  layers  de- 
fcribed by  Mr.  Young.  Thefe  were  fo  numerous  as 
not  to  admit  of  having,  each  of  them,  6 mufcles. 
Another  confideration,  which  feems  to  prove  that  thefe 
layers  poffefs  no  diilinH  mufcles,  is  that,  in  this  opaque 
ftate,  they  are  not  vifible,  but  confiff  of  an  almolt  infi- 
nite number  of  concentric  fibres,  not  divided  into  par- 
ticular bundles,  but  fimilar  to  as  many  of  the  finejl 
hairs  of  equal  thickncfs,  arranged  in  fimilar  order.  This 
regular  firinffure  of  layers,  compofed  of  concentric  fi- 
bres, Dr.  Hofack  thinks  is  much  better  adapted  to  the 
tranfmiffion  of  the  rays  of  light  than  the  irregular  ftruc- 
ture  of  mufcles.  Eefides,  it  ought  to  be  confidered 
that  the  cryftalline  lens  is  not  the  moft  effential  organ  in 
viewing  objefts  at  different  diftances  ; and  if  this  be  the 
cafe,  the  power  of  the  eye  cannot  be  owing  to  any 
changes  in  this  lens.  It  is  a fa£l,  fays  Dr.  Hofack,  that 
we  can,  in  a great  degree,  do  without  it  ; as  is  the 
cafe  after  couching  or  extradlion,  by  which  operation 
all  its  parts  muff  be  deftroyed.  Dr.  Porterfield,  how- 
ever, and  Mr.  Young,  on  his  authority,  maintain  that 
patients,  after  the  operation  of  couching,  have  not  the 
power  of  accommodating  the  eye  to  different  diftances 
ofobjeas.  On  the  whole,  Dr.  Hofack  concludes  that  no 
fuch  mufcles,  as  Mr.  Young  has  deferioed,  exifi,  and 
that  he  muft  diave  been  deceived  by  fome  other  ap- 
pearances that  refembied  mufcles  ; neither  will  he  allow 
the  effeas  aferibed  to  the  ciliary  proceffes  in  changing 
the  fhape  or  fituation  of  the  lens. 

Dr.  Hofack  then  proceeds  to  illuffrate  the  ftruaure 
and  ufe  of  the  external  mufcles  of  the  eye  ; which  are 
6 in  number,  4 called  real  or  ftraight,  and  2 oblique, 
and  by  means  of  which  he  thinks  the  bufinefs  isetfea* 


ed.  The  common  purpofes  to  which  tliefe  mufcles  are 
fubfervient  are  well  known  : but  befide  tliefe,  Dr.  Ho- 
fack fuggefts  that  it  is  not  inconfittent  with  the  general 
laws  of  nature,  nor  even  with  the  animal  ceconomy,  to 
imagine  that,  from  their  combination,  they  fiiould  have 
a different  aaion  and  an  additional  ufe.  In  deferibing 
the  precife  aaion  of  thefe  mufcles,  he  fuppofes  an  ob- 
jedl  to  be  feen  diilinaiy  firfi  at  the  diftance  of  6 feet 
in  which  cafe  the  pidlure  of  it  falls  exactly  on  the  re- 
tina. He  then  diredts  his  attention  to  another  objecf- 
at  the  dillance  of  6 Inches,  as  nearly  as  poliible  in  the 
fame  line.  While  he  is  viewing  this,  he  lofes  fight  of 
tiie  firfi  objcdt,  though  the  rays  proceeding  from  it  fiill 
fall  on  tiie  eye  ; and  hence  he  infers  that  the  eye  muff 
have  undergone  forae  change  ; fo  that  the  rays  meet 
either  before  or  behind  the  retina.  Bat,  as  rays  from  ar 
more  difiant  objecl  concur  fooner  than  thofe  from  a.' 
nearer  one,  the  picture  of  the  more  remote  objeff  muft 
fall  before  the  retina,  wlvile  rdie  others  form  a dlftindf 
image  upon  it.  But  yet  the  eye  continued  in  the  famer 
place  ; and  therefore  the  retina  muft,  by  fome  means, 
have  been  removed  to  a greater  diftance  from  the  fore- 
part of  the  eye,  fo  as  to  receive  the  picture  of  the  nearer 
objedt.  This  object,  he  contends,  could  not  be  feea 
diilindlly,  unlefs  the  retina  were  removed  to  a greater 
diftance,  or  the  refradting  power  of  the  media  through^ 
which  the  rays  palTed  were  augmented  : — but  as  the 
lens  is  the  chief  refradting  medium,  if  we  admit  that 
this  has  no  power  of  changing  itfelf,  we  are  under  ther 
necefiity  of  adopting  the  firft  of  thefe  two  fuppofitlons. 

The  next  objedl  of  inquiry  is,  how  the  external 
mufcles  are  capable  of  producing  thefe  changes.  The 
redti  are  ftrong,  broad,  and  flat,  and  arife  from  the 
back  part  of  the  orbit  of  the  eye  ; and,  pafling  over 
the  ball  as  over  a pulley,  they  are  Inferted  by  broad  flat 
tendons  at  the  anterior  part  of  the  eye.  The  oblique 
are  inferted  towards  the  pofterior  part  by  fimilar  ten- 
dons. When  thefe  different  mufcles  adt  jointly,  the 
eye  being  in  the  horizontal  pofition,  and  every  muffle 
in  adlion  contradfing  itfflf,  the  four  redli  by  their  com- 
bination muft  comprefs  the  various  parts  of  the  eye  and- 
lengthen  its  axis,  while  the  oblique  mufcles  ferve  ta 
keep  the  eye  in  Its  proper  diredlioo  and  fituation.  The 
convexity  of  the  cornea,  by  means  of  Its  great  elaill- 
city,  is  alfo  increafed  in  proportion  to  the  degree  o£ 
preiTure,  and  thus  the  rays  of  light  pafling  through  it 
are  neceffarily  more  converged.  The  elongation  ot  the 
eye  ferves  alfo  to  lengthen  the  media,  in  the  aqueous,, 
cryftalline,  and  vitreous  humours  through  which  the. 
rays  pafsj^,  fo  that  their  powers,  of  refradtion  are  pro^- 
portionably  increafed.,  This  is  the  general  effedkofthe 
contradlion  of  the  external  muffles,  according  to  Dr» 
Hofackff  ftatement  of  it  to  which  it  may  be  added?,, 
that  we  poflefs  the  fame  power  of  relaxing  them  la 
proportion  to  the  greater  diftance  of  the.objedi,  till  we. 
arrive  at  the  utmoft  extent  of  indolent  Villon.  Dr.  Ho-- 
fack  alfo  illuft rates  this  hypothelis  by  fome  experi*^ 
ments. 

The  mlfreprefentatlons  of  Vifion  .often  depend  upon 
the  diftance  of  the  objedt.  Thus,  if  an  opake  globa 
be  placed  at  a moderate  diftance  from  the  eye,  the 
pidture  of  it  upon  the  retina  will  be.  a circle  properly 
diverfifled  with  light  and  fliade,  fo  that  it  will  excite 
ia  Uic  mind  the  fenfation  of  a fphere  or  globe  j but,  u' 
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tlie  globe  be  placed  at  a great  didahee  from  the  eye,  the 
didance  between  thofe  llgfhts  and  (hades,  which  form 

o ^ . . 

the  piclurc  of  a globe^^  will  be  imperceptible,  and 
tlie  globe  will  appear  no  otherwife  than  as  a circular 
plane.  In  a luminous  globe,  didance  is  not  necefi'ary  in 
order  to  take  off  the  reprefentation  of  pronunent  and 
dat  ; an  iron  bullet,  heated  very  red  hot,  and  held  but 
a few  yards  didance  from  the  ey^e,  appears  a plane,  not 
a piomirient  body  ; it  has  not  the  look  of  a globe,  but 
ot  a circnlar  plane.  It  is  owing-  to  this  mifreprefenta- 
tion  of  Vilion  that  we  lee  the  lun  and  moon  flat  by  the 
naked  eye,  and  the  planets  alio,  through  telelcopcs,  dat. 
it  is  In  this  light  that  advonomers,  when  they  fpeak  of 
llie  fun,  moon,  and  planets,  as  they  appear  to  our  view, 
call  them  the  difes  of  the  fun,  moon,  and  planets,  which 
we  fee, 

The  nearer  a globe  is  to  the  eye,  the  fraaller  fegment 
of  itisvihble,  the  farther  off  the  greater,  and  at  a due 
didance  the  half;  and,  on  the  lame  principle,  the  nearer 
the  globe  is  to  the  eye,  the  greater  is  its  apparent  dia- 
meter, that  is,  under  the  greater  angle  it  will  appear, 
the  farther  od  the  globe  is  placed,  the  lefs  is  its  appa- 
rent diameter.  This  is  a propolition  of  importance, 
for,  on  this  principle,  we  know  that  the  fame  globe, 
when  it  appears  larger,  is  nearer  to  our  eye,  and,  when 
fmaller,  is  farther  off  froni  it.  Tlierefore,  as  we  know 
that  the  globes  of  the  fun  and  moon  continue  always  of 
the  fame  fizc,  yet  appear  foractimes  larger,  and  fomc- 
times  fmaller,  to  us,  it  is  evident,  that  they  are  fome- 
times  nearer,  and  fometimes  farther  off  from  the  place 
rvhenee  we  view  them.  Two  globes,  of  different 
magnitude,  maybe  made  to  appear  of  exadtly'^  the  fame 
diameter,  if  they  be  placed  at  different  didanccs,  and 
thofe  didances  be  exaftly  proportioned  to  their  diame- 
ters. To  this  it  is  owing,  that  vve  fee  the  fun  and  moon 
nearly  of  the  fame  diameter  ; they  are,  indeed,  vadly 
different  in  real  bulk,  but,  as  the  moon  is  placed  greatly 
nearer  to  our  eyes,  the  apparent  magnitude  of  that 
little  globe  is  nearly  the  fame  with  that  of  the  greater. 

In  this  indance  of  the  fun  and  moon  (for  there  can- 
not be  a more  driking  one)  we  fee  the  mifreprefentation 
of  Vifioii  in  two  or  three  feveral  ways.  The  apparent 
diameters  of  thefe  globes  are  fo  nearly  equal,  that,  in 
their  feveral  changes  of  jdacc,  they  do,  at  times,  ap- 
pear to  113  ablolutely  equal,  or  mutually  greater  than  one 
another.  Tin’s  is  often  to  be  feen,  but  it  is  at  no  time 
fo  obvious,  and  fo  perfciftly  evinced,  as  in  ccliples  of  the 
fun,  which  are  total.  In  thefe  we  fee  the  apparent 
magnitudes  of  the  two  globes  vary  fo  much  according 
to  their  didances,  that  fometimes  the  moon  is  large 
enough  cxadlly  to  cover  the  dife  of  the  fun,  fometimes 
rt  is  larger,  and  a part  of  it  every  where  extends  be- 
yond the  difcof  the  fun;  and,  on  the  contrary,  fome- 
tinies  it  is  fmaller,  and,  though  the  eclipfe  be  abfulutely 
central,  yet  it  is  annular,  or  a part  of  the  fun’s  difc  is 
feen  In  tiie  middle  of  the  eclipfed  part,  enlightened, 
and  furrounding  the  opake  body  of  the  moon  in  form 
of  a lucid  ring. 

When  an  objtd,  which  is  feen  above,  without  other 
objedls  of  companion,  is  of  a known  magnitude,  we 
judge  of  Its  didance  by  its  apparent  magnitude  ; and 
Cudom  teaches  us  to  do  this  with  tolerable  accuracy. 
This  is  a pradfical  ufe  of  the  mifreprefentation  of  Vi- 
fion,  and  in  the  fame  mannerj  knowing  that  vve  fee 


things,  which  are  near  us,  didinftly,  and  thofe  whicK 
are  didant,  confufedly,  we  judge  of  the  didance  of  an 
objedl  by  the  clearnefe,  or  confufion,  in  which  we  fee 
it.  We  alfo  judge  yet  more  ealily  and  truly  of  the  dif- 
tance  of  an  objedl  by  comparing  it  to  another  feen  at 
the  fame  time,  the  didance  of  v\  Inch  is  better  known, 
and  yet  more  by  comparing  it  with  feveral  others,  the 
didances  of  which  are  more  or  lefs  known,  or  more  or 
lets  ealily  Judged  of.  Thefe  are  the  circumdances  which 
afiid  us,  even  by  the  mifreprefentation  of  Vilion,  to 
judge  of  didance;  but,  wuthout  one  or  more  of  thefe, 
the  eye  does  not,  in  reality,  enable  us  to  judge  con- 
cerning the  didance  of  objedfs. 

This  mifreprefentation,  although  It  ferves  us  on  tome, 
occafions,  yet  is  very  limited  in  its  effedls.  Thus, 
though  it  helps  us  greatly  in  diftinguidiing  the  didance 
of  objecls  that  are  about  ns,  both  with  refpedt  to  our- 
felves  and  them,  and  with  refpeft  to  themfelves  wdth 
one  another,  yet  it  can  do  nothing  with  the  very  re- 
mote. We  fee  that  Immenfe  concave  circle,  In  which 
we  fiippofe  the  fixed  dars  lobe  placed,  at  all  this  vad 
remove  from  us,  and  no  change  of  place  that  we  could 
make  to  get  nearer  to  It,  would  be  of  any  avail  for  de- 
termining the  didance  of  the  dars  from  one  another. 
If  we  look  at  three  or  four  churches  from  a didance  of 
as  many  miles,  we  fee  them  dand  in  a certain  pofition 
with  regard  to  one  another.  If  we  advance  a great 
deal  nearer  to  them,  we  fee  that  pofition  differ,  but, 
if  we  move  forward  only  eight  or  ten  feet,  the  difference 
is  not  feen, 

Visio  N’,  In  Optics.  The  laws  of  Vifion,  brought 
under  mathematical  demondrations,  make  the  fubjedt 
of  Optics,  taken  in  the  greated  latitude  of  that 
word ; for,  among  mathematical  writers,  optics  is  ge- 
nerally taken,  in  a moiie  redridled  fignificatlon,  for 
the  dodirine  of  Vifion  ; catoptrics,  for  the  doc- 

trine of  rcjle£ted  Vijion  ; and  dioptrics,  for  that  of  re- 
framed  Vijion* 

DireH  or  Simple  Vision,  is  that  which  is  performed 
by  means  of  diredf  rays  ; that  is,  of  ray-s  palling  di- 
redlly,  or  In  right  lines,  from  the  radiant  point  to  the 
eye.  Such  is  that  explained  in  the  preceding  article 
Vision. 

Rfieded  Vision^  is  that  which  is  performed  by  rays 
reflected  from  Ipeculums,  or  mirrors.  The  laws  of 
which,  fee  under  Rf. FLECTION,  and  Mirror. 

RefraHed  Vision,  Is  that  which  is  performed  br 
means  of  rays  refracted,  or  turned  out  of  .their  way,, 
by  pafliiig  through  mediums  of  different  deuficy  ; 
chiefly  tiirough  glades  and  lenfes.  The  laws  of  this, 
fee  under  the  article  Rkfrac  i lox. 

ArckofYixiio'ii.  See  Arch. 

Dfiincl  \bsiON,  is  that  by  which,  an  objedt  is  feen 
didindtly.  An  objedl  is  faid  to  be  feen  didindlly,  when 
its  outlines  appear  clear  a-ud  well  defined,  and  the  ftve- 
ral  parts  of  it,  If  not  too  (mail,  are  plainly  dlltingulfh- 
ablc,  fo  that  they  can  ealily  he  compared  one  with  ano- 
ther, in  refpedl  to  their  figure,  fize,  and  colour. 

In  order  to  fuch  Diftindt  Vilion,  it  had  commonly 
been  thought  that  all  the  rays  of  a pencil,  flowing  from 
a'  phylical  point  of  an  objedt,  mud  he  exadtly  united  In 
a phyRcal,  or  at  kail  in  a fenfible  point  of  the  retina. 
But  Dr.  Jurin  lias  made  it  appear  from  experiments, 
that  fuch  an  c.xadt  union  of  rays  is  notalvyays  ncceffary 
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to  Vi'fion,  He  fhews  that  ol3je6i:s  may  be  feen 

with  fufficient  dlftinetnefs,  though  the  pencils  of  rays 
IfTuing  from  the  points  of  them  do  not  unite  precifely  in 
the  fame  point  on  the  retina  ; but  that  fince,  in  this 
cafe,  pencils  from  every  poiiit  either  meet  before  they 
reach  the  retina,  or  tend  to  meet  beyond  it,  the 
light  that  comes  from  them  mud  cover  a circular  fpot 
upon  it,  and  will  therefore  paint  the  image  larg'er  than 
perfeft  Vifion  would  reprefent  it.  Whence  it  follows, 
that  every  objeft  placed  either  too  near  or  too  remote 
for  perfect  Vihon,  will  appear  larger  than  it  is  by  a pen- 
umbra of  light,  caufed  by  the  circular  fpaces,  wdiich 
are  illuminated  by  pencils  of  rays  proceeding  from  the 
extremities  of  the  obitcf. 

■ The  fmalleft  diftafice  of  perfefl  Vifion,  or  that  in 
which  the  rays  of  a fingle  pencil  are  colledfed  into  a 
phyfical  point  on  the  retina  in  the  generality  of  eyes. 
Dr.  Jiirin,  from  a number  of  obfervations,  dates  at 
5,-  6,  or  7 inches,  llie  greated  diftance  of  didindl 
and  perfect  Vifion  he  found  was  more  difficult  to  deter- 
mine ; but  by  cenfidering  the  proportion  of  all  the 
parts  of  the  e5’'e,  and  the  refradlive  power  of  each, 
with  the  interval  that  may  be  difeerned  between  two 
ftars,  the  didance  of  which  is  known,  he  fixes  it,  in 
fome  cafes,  at  14  feet  5 inches;  though  Dr.  Porterfield 
had  redridfed  it  to  27  inches  only,  with  refpeid  to  his 
own  eve. 

For  other  obfervations  on  this  fub)c<ff,  fee  Jurin^s 
Eday  on  Didindl  and  Indidincl  Vifion,  at  the  end  of 
Smithes  Optics ; and  Robins’s  Remarks  on  the  fame,  in 
his  Math.  Tradfs,  vol.  2,  pa,  278  &c.  See  alfo  a_n  in- 
genious paper  on  Vifion  in  the  Philof.  Trank  1793, 
pa.  169,  by  Mr.  Thomas  Young. 

YzWtjf  ^ Vision.  See  Field. 

VISUAL,  relating  to  fight,  or  feeing, 

. Visual  Angh^  is  the  angle  under  wffiicli  an  obje6i 
is  feen,  or  which  it  fubtends.  See  Angle. 

Visual  Line,  See  Line. 

Visual  Pointy  in  Perfpeffive,  is  a point  in  the  ho- 
rizontal line,  where  all  the  ocular  rays  unite.  Thus,  a 
perfon  danding  in  a draight  long  gallery,  and  looking 
forward  ; the  fides,  door,  andcieling  feem  to  meet  and 
touch  one  another  in  this  point,  or  common  centre. 

Visual  Ray^^  are  lines  of  light,  conceived  to  come 
from  an  object:  to  the  eye. 

VITELLIO,  or  ViTELLo,  a Poliffi  mathematician 
of  the  1 3th  century,  as  he  douriffied  about  1254.  We 
have  of  his  a large  Preatife  on  Optics^  the  bed  edition  of 
which  is  that  of  1572.  Vitello  was  the  fird  optical  writer 
of  any  confequence  among  the  modern  Europeans.  He 
colledied  all  that  was  given  by  Euclid,  Archimedes, 
Ptolomy,  and  Alhazen  ; though  his  work  is  of  but  lit- 
tle ufe  now. 

VITREOUS  Humour,  or  Hitreus  Humor,  denotes 
the  third  or  giady  humour  of  the  eye  ; thus  called 
from  its  refemblance  to  melted  glafs.  It  lies  under 
the  crydalline  ; by  the  impreffion  of  which,  its  fore- 
part is  rendered  concave.  It  greatly  exceeds  in  quanti- 
ty both  the  aqueous  and  crydalline  humours  taken  to- 
gether, and  confequently  occupies  much  the  greated 
part  of  the  cavity  of  the  globe  of  the  eye.  Scheiner 
:^ys,  that  the  refraftive  power  of  this  humour  is  a me- 
dium between  thofe  of  the  aqueous,  which  does  not 


differ  much  from  water,  and  of  the  cryfialiin'e,  which  ig- 
nearly  the  fame  with  giafs.  Flawkfbee  makes  its  re- 
fractive power  the  fame  with  that  of  water;  and,  ac- 
cording to  Robertfon,  its  fpecific  gravity  agrees  nearly 
with  that  of  water. 

VITRUVIUS  (Marcus  Vitruvius  Pollio),  a 
celebrated  Roman  architect,  of  whom  liowever  nothing 
is  known,  but  what  is  to  be  colleCted  from  his  ten  books- 
De  ArchlteBura,  dill  extant.  In  the  preface  to  the 
fixth  book  he  writes,  that  he  was  carefully  educated  by 
his  parentvS,  and  indruCfed  in  the  whole  circle  of  arts 
and  fcicuces  ; a circumdance  which  he  fpeaks  of  with 
much  gratitude,  laying  it  down  ascertain,  that  no  man 
can  be  a complete  architect,  without  fome  knowledge 
and  ficili  in  every  one  of  them.  And  in  the  preface  to^ 
the  fird  book  he  informs  us,  that  he  was  known  to  Ju- 
lius Cosfar ; that  he  was  afterwards  recommended  by 
Oefavia  to  her  brother  Augudiis  Caefar  ; and  that  he 
was  fo  favoured  and  provided  for  by  this  emperor,  as  to 
be  out  of  all  fear  of  poverty  as  long  as  he  might  live. 

It  is  fuppoled  that  Vitruvius  was  born  either  at  Rome 
or  Verona  ; but  it  is  not  known  which.  His  books  of 
architecture  are  addrelTed  to  Augudus  Csefar,  and  not 
only  (hew  confummate  ficill  in  that  particular  fciencc,- 
but  alfo  very  uncommon  genius  and  natural  abilities* 
Cardan,  in  his  i6th  book  De  Suhtilitate,  ranks  Vitru- 
vius as  ^le  of  the  12  perfons,  whom  he  fuppofes  to 
have  excelled  all  men  in  the  force  of  genius  and  inven*^ 
tion  ; and  would  not  have  fcrupled  to  have  given  him 
the  fird  place,  if  it  could  be  imagined  that  he  had  de- 
livered nothing  but  bis  own  difeoveries.  Thofe  12  per- 
fons were,  Euclid,  Archimedes,  Apollonius  Pergaeus, 
Aridotle,  Archytas  of  Tarentum,  Vitruvius,  Achin- 
diis,  Mahomet  Ibn  Mofes  the  inventor  or  improver  o£ 
Algebia,  Duns  Scotus,  John  Suiffet  furnamed  the  Cal- 
culator, Galen,  and  Heber.of  Spain. 

The  architecture  of  Vitruvius  has  been  often  print- 
ed ; but  the  bed  edition  is  that  of  Amderdam  in  1649, 
Perrault  alfo,  the  noted  French  architeCf,  gave  an  ex- 
cellent French  trandation  of  the  fame,  and  added  notes 
and  figures  : the  fird  edition  of  which  was  publidied  at 
Paris  in  1673,  and  the  fecond  much  improved,  in  1684.. 
— Mr.  William  Newton  too,  an  ingenious  architect,  and:- 
late  Surveyor  to  the  works  at  Greenwich  Hofpital, 
publifhed  in  1780  &c,  curious  commentaries  on  Vitru** 
vius,  illudrated  with  figures  ; to  which  is  added  a de- 
feription,  with  figures,  of  the  Military  Machines  ufed^ 
by  the  Ancients. 

VIVIANI  (Vincent.! o),  a celebrated  Italian  ma- 
thematician, was  born  at  Florence  in  1621,  fome  fay 
1622.  He  was  a difciple  of  the  illudrious  Galileo,  and 
lived  with  him  from  the  17th  to  the  20th  year  of  his* 
age.  After  the  death  of  his  great  mader,  he  paffed 
two  or  three  years  more  in  profecuting  geometrical  du- 
dies  without  interruption,  and  in  this  time  it  was  that 
he  formed  the  defign  of  his  Redoration  of  Aridews. 
This  ancient  geometrician,  who  wavS  contemporary 
with  Euclid,  had  compofed  five  books  of  problems 
De  IjOcis  Solid/s,  the  bare  propofltions  of  which  were 
colIeCIed  by  Pappus,  but  the  books  are  entirely  lod 
which  Viviani  undertook  to  redore  by  the  force  of  his 
genius. 

He  broke  this  work  off  before  it  Wcis  finidicd,  in  or- 
der to  apply  himfelf  to  another  of  the  fame  kind,  and 
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tKat  was,  toreftorethe  5th  book  of  Apolloiiikis's  Conic 
Sections.  While  he  was  engaged  in  this,  the  famous 
Borelli  found,  in  the  library  of  the  Grand  Duke  of 
Tufcany,  an  Arabic  manufcript,  with  a Latin  infcrip- 
tion,  which  imported,  that  it  contained  the  eight  books 
of  Apolloniuses  Conic  Sedfions ; of  which  the  8th 
however  was  not  found  to  be  there.  He  carried  this 
imaniifcript  to  Rome,  in  order  to  tranflatc  it,  with  the 
affikanceof  a profeffor  of  the  Oriental  languages.  Vi- 
viaiii,  vei7 ■'unwilling  to  lofe  the  huits  of  his'^labours, 
procured  a certificate  that  he  did  not  underhand  the 
Arabic  language,  and  knew  nothing  of  that  manu- 
fcript t he  was  fo  jealous  on  this  head,  that  he  would 
not  even  fuffer  Borelli  to  fend  him  an  account  of  any 
thing  relating  to  it*  At  length  he  finilhed  his  book, 
and  publifhed  it,  165^,  in  folio,  with  this  title,  IJe 
M&ximislS  Minimis  Geometrica  Divinaiio'm  quintum  Co- 
mcorum  Apollonii  Pergai,  It  was  found  that  he  had 
more  than  divined ; as  he  feemed  fuperior  to  Apollo- 
nius himfelf.  ; 

Alter  this  he  was  obliged  to  inteiTupt  his  hudies  for 
the  fervice  of  his  prince,  in  an  affair  of  great  import- 
ance, which  was,  to  prevent  the  inundations  of  the  Ti- 
ber, in  which  Cailini  and  he  were  employed  for  fome 
time,  though  nothing  was  entirely  executed. 

In  1664  he  had  the  honour  of  a penn.  n from  Louis 
the  14th,  a prince  to  whom  he  not  fubjedi,  nor 
could  be  ufeful.  In  confequence  ne  rel  lived  to  finifli 
his  Divination  upon  Arifteus,  with  a view  to  dedicate 
It  to  that  prince  ; but  he  was  interrupted  in  this  taflc 
again  by  public  v/oiks,  and  fome  negotiations  which 
his  mailer  entrnlled  to  him. — In  1666  he  was  honoured 
by  the  Grand  Duke  with  the  title  of  his  firit  mathema- 
tician.— He  refolved  three  problems,  which  had  been 
propofed  to  all  the  matheinaticians  of  Europe,  and  de- 
dicated the  work  to  the  memory  of  Mr.  Chapelain,  un- 
der the  title  of  Enodatio  P roblematum  6ic. — He  pro- 
pofed the  problem  of  the  quadrable  arc,  of  which  Leib- 
nitz and  I’Hofpital  gave  folutions  by  the  Calculus  Dif- 
ferentialis. — In  1669,  he  was  chofen  to  fill,  in  the 
Royal  Academy  of  Sciences,  a place  among  the  eight 
foreign  affociates.  This  new  favour  reanimated  his 
zeal ; and  he  pnbliibed  three  books  of  his  Divination 
hpon  Ariiteiis,  at  Florence  in  1701,  which  he  dedi- 
cated to  the  King  of  France.  It  is  a thin  folio,  inti- 
tled,  Ee  Locis  SoJidis  fecunda  Divinaiio  Geometrica^  &c. 
This  was  a fecond  edition  enlargred  : the  firit  havinsr 
been  printed  at  Florence  in  1673. — Viviani  laid  out  the 
fortune,  which  he  had  raifed  by  the  bounties  of  his 
prince,  in  building  a magnificent  houfe  at  Florence  ; 
in  which  he  placed  a buil  of  Galileo,  with  feveral  in- 
feriptions  in  honour  of  that  great  man  ; and  died  in 
J703,  at  81  years  of  age. 

Viviani  had,  fays  Fontenellc,  that  innocence  and  fim- 
plicity  of  manners  which  perfons  commonly  preferve, 
who  have  lefs  commerce  with  men  than  with  books  ; 
without  that  roughnefs  and  a certain  favage  fiercenefs 
which  thofe  often  acquire  who  have  only  to  deal  with 
books,  not  with  men.  He  was  affable,  modeft,  a faft 
and  faithful  friend,  and,  what  includes  many  virtues 
in  one,  he  was  grateful  in  the  highefl  degree-  for  fa- 
vours. 

ULLAGE,  of  a Cajk^  in  Gauging,  is  fo  much  as 
it  wants  of  being  full. 


ULTERIOR,  in  Geography,  is  applied  to  fome 
part  of  a country  or  province,  which,  with  regard  to 
the  reft  of  that  country,  is  fituate  on  the  farther  fide  of 
a river,  or  mountain,  or  other  boundary,  which  divides 
the  aonntry  into  two  parts. 

Ultramundane,  beyond  the  world,  is  that 
part  of  the  univerfe  fuppofed  to  be  without  or  beyond 
the  limits  of  oiir  world  oiTyftem. 

' UAlBILICUo,  and  Umbilical  Pointy  in  Geo- 
m.etry,  the  fame  with  focus. 

UMBRA,  a Shadow.  See  Light,  Shadow,  Pen- 
umbra, See. 

UNCLA,  a term  generally  ufed  for  the  12th  part  of 
a thing.  In  which  lenfe  it  occurs  in  Latin  writers,  both 
for  a weight,  called  by  us  an  ounccy  and  a rnearure 
called  an  inrb. 

UNCLFl,  in  Algebra,  firft  ufed  by  Vieta,  are  the 
numbers  prefixed  to  the  letters  In  the  terms  of  any  power 
of  a binomial  ; now  more  ufually,  and  generally,  called 
coefficients.  Thus,  In  the  4th  power  of  a viz, 

-f  -i-  (spp  4-  -f- 

the  LTneias  are  i,  4,  6,  4,  i. 

Briggs  firft  Ihevved  how  to  find  thefe  Unciie,  one 
from  another,  in  any  power,  independent  of  the  fore- 
going powers.  They  are  now  ufually  found  by  what  is 
called  Newton’s  binomial  theorem,  which  is  the  fame 
rule  as  Briggs’s  in  another  form.  See  Binomial. 

undecagon,  is  a polygon  of  eleven  fides. 

If  the  fide  of  a regular  Undecagon  be  i,  its  area  will 
be  g’3636399  =:  -f  X tang,  of  7 3 tV  ft'^grees  ; and 
theretore  if  this  number  be  multiplied  by  the  fquare  of 
the  fide  of  any  other  regular  Undecagon,  the  product 
will  be  the  area  of  that  Undecagon.  See  my  Menfu- 
ration,  pa.  114  &c,  2d  edit. 

UNDETERMINED,  is  fometimes  ufed  for  Inde- 

TER  MINATE. 

UNDUE ATORY  Motion^  is  applied  to  a motion 
in  the  air,  by  which  its  parts  are  agitated  like  the 
waves  of  the  fea  ; as  is  fuppofed  to  be  the  cafe  when  the 
firing  of  a miifical  inftrurnent  is  ftruck.  This  Undula- 
tory  motion  of  the  air  is  fuppofed  the  matter  or  caufe 
of  found. — Indcad  of  the  Undulatory,  fome  authors 
choole  to  call  this  a vibratory  motion. 

UNEVEN  Number^  the  fame  as  odd  number,  or 
fuch  as  cannot  be  divided  by  2 without  leaving  i re- 
maining. The  feries  of  Uneven  Numbers  are  L 3,  5,7,9, 
Sec.  See  Number,  and  Odd  Number. 

UNGULA,  in  Geometry,  is  a part  cut  off  a cy- 
linder, cone,  &c,  by  a plane  palling  obliquely  throuo-h 
the  bafe,  and  part  of  the  curve  furface  ; fo  called  frmn 
its  refemblance  to  the  (ungula)  hoof  of  a horfe  &c. 
For  the  contents  See  of  fuch  Ungulas,  fee  my  Menfu- 
ration,  pa.  218. — 246,  2d  edition. 

UNICORN,  in  Aftroriomy.  See  Monoceros. 

UNIFORM,  or  Equable  Motion,  is  that  by  which  a 
body  palfes  always  with  the  fame  celerity,  or  over  equal 
fpaces  in  equal  times.  See  Motion. 

In  Uniform  motions,  the  fpaces  deferibed  or  palfed 
over,  are  in  the  compound  ratio  of  the  times  and  velo- 
cities ; but  the  fpaces  are  limply  as  the  times,  when  the 
velocity  is  given  j and  as  the  velocities,  when  the 
time  is  given. 
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^Uniform  AlaiteVf  in  Natural  Plillofopliy,  is  that 
'which  Is  all  of  the  fame  kind  and  texture. 

UNISON,  in  Muhc,  is  when  two  founds  are  exadly 
alike,  or  the  fame  note,  or  tone.  . _ 

What  conftitutes_jLl2llii£lLuJg--I^^  equalitv._of  Uie 
■number  of  vibrations,  made  in  the  fame  time,  by  tue 
two  fonorous  bodies. 

It  is  a noted  phenomenon  in  mufic,  that  an  intenie 
tfound  being  raifed,  either  with  the  voice,  or  a fono- 
rous body,  another  ionorous  body  near  it,  vrhofe  tone 
IS  either  Unifon , or  oclave  to  that  tone,  will  found^its 
■proper  note  Unifon,  or  oUave,  to  the  given  note.^  I'he 
experiment  is  cafily  tried  with  the  firings  of  two  inflru- 
ments  ; or  with  a voice  and  harpfichoi'd  5 or  a bell,  01 
even  a drinking  glafs. 

This  phenomenon  is  thus  accounted  for  : one  firing 
’being  ftruck,  and  the  air  put  into  a vibratory  motion 
by  it  ; every  other  firing,  within  the  reach  of  that  mo- 
tion, will  receive  fome  ImprehioH  from  it  : but  each 
ilring  can  only  move  with  a determinate  velocity  of  le- 
coinks  or  vibrations;  and  all  Uiiifons  proceed  from 
equal  vibrations  ; and  other_  concordjl  from  other 
^ prop^ortions  of  vibratiom  The  Unifon  firing  then, 

/ ^pppinor  equal  pace  wltlTthe  fouiiding  flriilgA  as  havintC 

the  Tame  meafure  of  vibrations,  miifl  have  motion 
continued,  and  flill  improved,  jdil  length  its  motion 
become  fenfible,  and  it  give  a diflindl  found.  Other 
concording  firings  have  their  niotions  propagated  in  dif- 
] ferent  deyreesr~according  to  the  frequency  of  tlm  coin- 
rirlenre  of  their  vibrations  wdth  thofe  ofthe  founded 
^ ilring  : the  o^ave  therefore  mofl  ienfibly  ; then  the 
7th  ; after  which,  the  croffing  of  the  motions  prevents 
any  effecl. 

This  is  illuflrated,  as  Galileo  firfl  fuggefted,  by  the 
pendulum,  which  being  fet  a-moving,  the  motion  may 
be  continued  and  augmented,  by  making  frequent, 
light,  coincident  impulfes ; as  blowing  on  it  when  the 
vibration  is  juft  finifhed  : but  if  it  be  touched  by  any 
erofs  or  oppofite  motion,  and  that  frequently  too,  the 
motion  will  be  interrupted,  and  ceafe  altogether.  So, 
of  two  Unifon  firings,  if  the  one  be  forcibly  ftruck,  it 
communicates  motion,  by  the  air,  to  the  other ; and 
both  performing  their  vibrations  togetlier,  the  motion 
of  that  other  will  be  improved  and  heightened  by  the 
frequent  Impulfes  received  from  the  vibrations  of  the 
firft*,  becaufe  given  precifely  when  the  other  has  finlflied 
its  vibration,  and  is  ready  to  return  : but  if  the  vibra- 
tions of  the  chords  be  unequal  in  duration,  there  will  be 
a crofting  of  motions,  more  or  lefs,  according  to  the 
proportion  of  the  inequality  ; by  which  the  motion  of 
the  untouched  firing  will  be  fo  checked,  as  never  to 
be  fenfible.  And  this  we  find  to  be  the  cafe  In  all  con- 
fonaiices,  except  Unifon,  odlave,  and  the  fifth. ^ 

UNIT,  Unite,  or  Unity,  in  Arithmetic,  the 
number  one,  or  i ne  fingle  individual  part  of  difcrete 
quantity.  See  Number. — The  place  of  units,  is  the 
firfl  place  on  the  right  hand  in  integer  numbers. 

According  to  Euclid,  Unity  is  not  a number,  for  he 
defines  number  to  be  a multitude  of  Units. 

UNITY,  the  abfliadl  or  quality  which  conftitutes  or 
denominates  a thing 

UNIVERSE,  a coliedive  name,  fignlfying  the  af- 
femblage  of  heaven  and  earth,  with  all  things  in  them. 

The  Ancients,  and  after  them  the  Cartcfians,  ima- 
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gine  the  Univevfe  to  be  infinite  ; and  the  rcafon  they 
give  is,  that  it  implies  a contradidlion  to  fuppofe  it  fi- 
nite or  bounded  ; fince  it  is  impoftible  not  to  conceive 
fpace  beyond  any  limits  that  can  be  affigned  it  ; which 
fpace,  according  to  the  Cartefians,  Is  body,  and  confe« 
quently  part  of  the  Univerfe. 

UNLIKE  ^tantities,  in  Algebra,  are  fuch  as  are 
exprefied  by  different  letters,  or  by  different  powers  of 
the  fame  letter.  Thus,  and  and  rk,  and  ab  are 
all  Unlike  quantities. 

Unlike  S'fgrss^  are  the  different  figns  fi-  and  — . 
UNLlMLrEl)  or  Indelerniinate  Ptoblcm^  is  fucli  a 
one  as  admits  of  many,  or  even  of  infinite  anfwers.  As, 
to  divide  a given  triangle  into  two  equal  parts  ; or  to 
deferibe  a circle  tlirough  two  given  points.  See  Dio- 
p HAN  TINE,  and  Indeterminate. 

VOID  Space,  in  Pliyiics.  Ste  V^ACUUM-. 
VOLUTE,  in  Architedure,  a kind  of  fpiral  fcroll, 
and  ufed  in  the  Ionic  and  Compofite  capitals  ; of  which, 
it  makes  the  principal  charaderlftlc  and  ornament. 

VORTEX,  or  IVhirUjuind,  in  Meteorology,  a fud- 
den,  rapid,  violent  motion  of  the  air,  in  circular 
whirling  diredions. 

Vortex  is  alfo  ufed  for  an  eddy''  or  whirlpool,  or 
a body  of  water,  in  certain  feas  and  rivers,  which  runs, 
rapidly  round,  forming  a fort  of  cavity  in  the  middle. 

Vortex,  in  the  Cartefian  Pliiloiophy,  isafyftcmor 
colledion  of  particles  of  matter  moving  the  fame  way> 
and  round  the  fame  axis. 

Such  Vortices  are  the  grand  machines  by  which  thefe 
philofophers  folve  moff  of  the  motions  and  other  pheno- 
mena of  the  heavenly  bodies.  And  accordingly,^  the 
dodrine  of  thefe  Vortices  makes  a great  part  of  the 
Cartefian  philofophy. 

The  matter  of  the  world  they  hold  to  have  been  di- 
vided at  the  beginning  Into  innumerable  little  equal 
particles,  each  endow^ed  with  an  equal  degree  of  motion, 
both  about  its  own  centre,  and  feparately,  fo  as  to  con- 
ftitute  a fluid. 

Several  fyflems,  or  colledlions  of  this  matter,  they 
farther  hold  to  have  been  endowed  with  a common  mo- 
tion about  certain  points,  as  common  centres,  placed  at 
equal  diftances,  and  that  the  matters,  moving  round 
thefe,  compofed  fo  many  Vertices. 

Then,  the  primitive  particles  ofthe  matter  they  fup- 
pofe, by  thefe  intelline  motions,  to  become,  as  It  were, 
ground  into  fpherical  figures,  and  fo  to  compofe  glo- 
bules oi  divers  magnitudes  ; which  they  call  the  matter 
of  the  fecond  clement : and  the  particles  rubbed,  or 
ground  off  them,  to  bring  them  to  that  form,  they  call 
the  matter  of  the  firfl  element. 

And  fince  there  would  be  more  of  the  firfl  tlement 
than  would  fuftice  to  fill  all  the  vacuities  between  the 
globules  of  the  fecond,  they  fuppofe  the  remaining 
part  to  be  driven  towards  the  centre  of  the  V on.  x,  by 
the  circular  motion  of  the  globules ; and  that  being 
there  amafled  into  a fphere,  it  would  produce  a body 
like  the  fun. 

This  fun  being  thus  formed,  and  moving  about  its 
own  axis  with  the  common  matter  of  the  Vortex,  would 
necefiarily  throw  out  fome  parts  ©f  its  matter,  through 
the  vacuities  of  the  globules  of  the  fecond  element  con* 
ftitutlng  the  Vortex  ; and  this  elpecially  at  fuch  places 
as  are  fartbeft  from  its  poles ; receiving,  at  the  fame  tirnc. 
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In,  by  tbefe  poles,  as  much  as  it  lofes  in  its  equatorial 
parts.  And,  by  this  means,  it  would  be  able  to  carry 
round  with  it  thofe  globules  that  are  neared,  with  the 
greater  velocity  ; and  the  remoter,  with  lefs.  And 
by  this  means,  thofe  globules,  which  are  neared  the 
centre  of  the  fun,  mud  be  fmalled  ; becaufe,  were  they 
greater,  or  equal,  they  would,  by  reafon  of  their  velo- 
city, have  a greater  centrifugal  force,  and  recede  from 
the  centre.  If  it  fhould  happen,  that  any  of  thefe  fun- 
like  bodies,  in  the  centres  of  the  feveral  Vortices,  diould 
be  fo  incrudated,  and  weakened,  as  to  be  carried  about 
in  the  V^ortex  of  the  true  fun  ; if  it  were  of  lefs  foli- 
dity,  or  had  lefs  motion,  than  the  globules  towards  the 
extremity  of  the  folar  Vortex,  it  would  delcend  to- 
wards the  fun,  till  it  met  with  globules  of  the  fain?  fo- 
lidity,  and  lufceptible  of  the  lam’e  degree  of  motion 
with  itlelf;  and  thus,  being  fixed  there,  it  would  be 
for  ever  after  carried  about  by  the  motion  of  the 
Vortex,  without  either  approaching  any  nearer  to  the 
fun,  or  receding  from  it ; and  fo  would  become  a pla- 
net. 

Siippofing  then  all  this  ; we  are  next  to  imagine,  that 
ourfydem  was  at  fird  divided  into  feveral  Vortices,  in 
the  centre  of  each  of  which  was  a lucid  fpherical  body  ; 
and  that  fome  of  thefe,  being  gradually  incrudated, 
were  fwallowed  up  by  others  which  were  larger,  and 
more  powerful,  till  at  length  they  were  all  dellroyed, 
and  fwallowed  up  by  the  larged  folar  Vortex  ; except 
fo  me  few  which  were  thrown  off  in  right  lines  from  one 
Vortex  to  another,  and  fo  become  comets. 

But  this  dodfrine  of  Vortices  is,  at  bell,  m.erely  hy- 
pothetical. It  does  not  pretend  to  diew  by  v\diat  laws 
and  means  the  celedial  motions  are  effedted,  fo  much 
as  by  what  means  they  poflibly  might,  in  cafe  it  ffould 
have  fo  pleafed  the  Creator.  But  we  have  another  prin- 
ciple which  accounts  for  the  fame  phenomena  as  well, 
cay,  better  than  that  of  Vortices ; and  which  we 
plainly  find  has  an  adlual  cxidence  in  the  nature  of 
things  : and  this  is  gravity,  or  the  weight  of  bodies. 

7 he  V’^ortices,  then,  Ihould  be  thrown  out  of  philo- 
fophy,  were  it  only  that  two  different  adequate  caufes 
of  the  fame  phenomena  are  inconfiffent. 

But  there  are  other  objedlions  againff  them^  For, 
1°,  if  the  bodies  of  the  planets  and  comets  be  carried 
round  the  fun  in  Vortices,  the  bodies  with  the  parts 
of  the  Vortex  immediately  inveding  them,  mud  move 
with  the  fame  velocity,  and  in  the  fame  diredlion  ; and 
befides,  they  muff  have  tlie  lame  deiifity,  or  the  fame 
vis  inertias.  But  it  is  evident,  that  the  planets  and  co- 
rnets move  in  the  very  fam.e  parts  of  the  heavens  with 
diffeieut  velocity,  and  in  different  direflions.  It  fol- 
lows, therefore,  that  thofe  parts  of  the  Vortex  muff  re- 
volve at  the  fame  time,  in  different  dite<fl:ions,  and  with 
different  velocities;  fince  one  velocity,,  and  diredllon, 
will  be  required  for  the  paffage  of  the  planets,  and  ano- 
tlier  for  that  of  the  comets. 

2°,  If  it  were  granted,  that  feveral  Vortices  are 
contained  in  the  fame  fpace,  and  do  penetrate  each 
other,  and  revolve  with  divers  motions;  fince  thefe  mo- 
tions mud  be  conformable  to  thofe  of  the  bodies,  which 
are  perfedfly  regular,  and  performed  in  conic  ledflons  ; 
St  may  be  alked,  How  they  Ihould  have  been  preferved 
entire  fo  many  ages,  and  not  didurbed  and  confounded 


by  the  adverfe  adlions  and  fhocksof  fo  much  matter  as 
they  mud  meet  withal  ? 

3°,  The  number  of  comets  is  very  great,  and  their 
motions  are  perfeflly  regular,  oblerving  the  fame  laws 
with  the  planets,  and  moving  in  orbits,  that  ai'e  ex- 
ceedingly eccentric.  Accordingly,  they  move,  every 
way,  and  towards  all  parts  of  the  heavens,  freely 
pervading  the  planetary  regions,  and  going  frequently 
contrary  to  the  order  of  the  figns  ; which  would  be  irn- 
podible  uiilefs  thefe  Vortices  were  away. 

4“,  If  the  planets  move  round  the  fun  in  Vortices, 
thole  parts  of  the  Vortices  next  the  planets,  we  have 
already  obferved,  would  be  equally  denfe  with  the  pla- 
nets themfelves  : confeqnenlly  the  vortical  matter,  con- 
tiguous to  the  perimeter  of  the  earth’s  orbit,  would  be 
as  denfe  as  the  earth  itlelf ; and  that  between  the  orbits 
of  the  earth  and  Saturn,  mud  be  as  denfe,  or  denfer. 
For  a Vortex  cannot  maintain  itfelf,  unlefs  the  more 
denfe  parts  be  in  the  centre,  and  the  lefs  denfe  towards 
the  circumference  : and  fince  the  periodical  limes  of  tide 
planets  are  in  fefquiakerate  ratio  of  their  didances  from 
the  fun,  the  parts  of  the  Vortex  mud  be  in  the  lame 
ratio.  Whence  it  follows,  that  the  centrifugal  forces 
of  the  parts  will  be  reciprocally  as  the  fquares  of  the 
didances.  Such,  therefore,  as  are  at  a greater  dIdance 
from  the  centre,  will  endeavour  to  recede  from  it  with 
the  lefs  force.  Accordingly,  If  they  be  lefs  denfe,  they 
mud  give  way  to  the  greater  force,  by  which  the  parts 
nearer  the  centre  endeavour  to  rife.  Thus,  the  more 
denfe  will  rife,  and  the  lefs  denfe  defee-nd  ; and  thus 
there  will  be  a change  of  places,  till  the  whole  fluid 
matter  of  the  Vortex  be  fo  adjuded  as  that  it  may  red  in 
equilibrio. 

Thus  will  the  greated  part  of  the  Vortex  without 
the  earth’s  orbit,  have  a degree  of  denfity  and  inadti- 
vlty,  not  lefs  than  that  of  the  earth  itfelf;  Whence  the 
comets  mud  meet  with  a very  great  refi  dance,  which  is 
contrary  to  all  appearances.  Cotes,  Prisf.  ad  Nevvti 
Princip.  The  dodtrine  of  Vortices,  Newton  obferves, 
labours  under  many  didicultics  : for  a planet  to  deferibe 
areas  proportional  to  the  times,  the  periodical  tim.es  of 
a Vortex  diould  be  in  a duplicate  ratio  of  their  didances 
from  the  fun  ; and  for  the  periodical  time  of  the  pla- 
nets, to  be  in  a fcfquiplicate  proportion  of  their  dif- 
tances  from  the  fun,  the  periodical  times  of  the  parts  of 
the  Vortex  fiiould  be  in  the  fame  proportion  of  their 
didanees  and,  ladl)v  for  the  lefs  Vortices  about  Ju- 
piter, Saturn,  and  tlie  other  planets,  to  be  preferved, 
and  fwim  fecurely  in  the  fun’s  V'ortex,  the  periodical 
times  of  the  fun’s  VTrtex  fhould  be  equal.  None  of 
which  proportions  are  found  to  obtain  in  the  revolutions 
of  the  fun  and  planets  round  their  axes.  Phil..  Nat. 
Princ.  Math,  apud  Schol.  Gen.  in  Cake. 

Befides,  the  planets,,  according  to  this  hypotheds, 
being  carried  about  the  fun  in  ellipfes,  and  having  the 
fun  in  the  focus  of  each  figure,  by  lines  drawn  from 
themfelves  to  the  fun,  they  always  deferibe  areas  pro- 
portionable to  the  times  of  their  revolutions,  which 
that  author  fiiews  the  parts  of  no  Vortex  can  do^  Schol. 
prop.  ult.  lib.  ii.  Princip. 

Again,  Dr.  Kelli  proves,  in  his  Examination  of  Bur- 
net’s Theory^,  that  if  the  earth  were  carried  in  a Vor<f 
tex,  it  would  rnovt  fader  in  the  proportion  of  three  to.. 

two,, 
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two,  wlieu  it  Is  in  Virgo  than  when  it  is  in  Pifccs  ; 
which  all  experience  proves  to  be  falfe. 

There  is,  m the'  Pliilofophical  Tranfa£lIons,  a Phyfi- 
co-matherwlical  deniondration  of  the  impofiibility  and 
iiiiufficiency  of  Vortices  to  account  for  the  Celehial 
Phenomena  ; by  Monf.  de  Sigorne.  See  Num.  457* 
Se6l.  vi.  pa.  409  et  fcq. 

Tliis  author  endeavours  to  Oiew,  that  the  mechanical 
generation  of  a Vortex  is  iinpoffible  ; and  that  it  has 
Snly  an  axifugal  force,  and  not  a centrifugal^  and  cen- 
tripetal one  ; that  it  is  not  fufficient  for  explaining  gra- 
vity and  its  prooerties  ; that  it  deitroys  Kepler’s  adrcmo- 
.mical  laws  ; and  tlierefore  he  concludes,  with  Newton, 
that  the  liypothcfis  of  Vortices  is  fitter  to  difturb  than 
explain  the  ceiellial  motions.  We  mull  refer  to  the 
differtation  itfelf  for  the  proof  of  thefe  affeitions.  See 
Cartesian  Philosophy. 

VOSSIUS  (Gb^.ard  John),  one  of  the  moft 
learned  and  laborious  writers  of  the  17  th  century,  was 
of  a confiderable  family  in  the  Netherlands  and  was 
born  in  15  7",  in  the  Palatinate  near  Heidelberg,  at  a 
place  where  his  father,  John  Vofiius,  wasminifter.  He 
iirfi  learned  Latin,  Greek,  and  Philofophy  at  Dort, 
-where  his  father  had  fettled,  and  died.  In  1595  he 
went  to  Leyden,  where  he  farther  purfued  thefe^  flu- 
dies,  joining  mathematics  to  them,  in  which  fcience 
he  made*  a confiderable  progrefs.  Pie  became  Maf- 
ter  of  Arts  and  Dodd  or  in  Philofophy  in  1 598  ; and 
foon  after,  Hireefor  of  the  College  at  Dort ; then,  in 
1614,  ‘Diredor  of  the  Theological  College  juft  founded 
at  Leyden  ; and,  in  1618,  Profeffor  of  Eloquence  and 
Chronology  in  the  Academy  there,  the  fame  year  in 
which  appeared  his  Hiilory  of  ttie  Pelagian  Contro- 
verfy.  This  hifiory  procured  him  much  odium  and 
xiiHrace  on  the  continent,,  but  an  ample  reward  in 
England,  where  archbifltop  Laud  obtained  leave  of 
king  Charles  the  ill  for  Voffiiis  to  hold  a prebendary  in 
the  church  of  Canterbury,  while  he  refided  at  Leyden  i 
this  was  in  16.29,  when  he  came  over  to  be  inftalled, 
took  a Doctor  of  Laws  degree  at  Oxford,  and  then  re- 
turned.— In  163-:^  he  was  called  to  Amfterdam  to  fill  the 
chair  of  a Profeflbr  of  Hiftory  ; where  he  died  in  1649, 
at  72  years  of  age  ; after  having  written  and  pnblifhed 
as  many  works  as,  when  they  came  to  be  coUcHed  and 
printed  at  Amfterdam  in  1695  &c,  made  6 volumes 
folio,  works  which  will  long  continue  to  be  read  with 
pleafure  and  profit.  The  principal  of  thefe  are, 
— I.  Elymologicon  Lingu£  Lai}n£.’^2.  De  Origins  Cf 
Progreffu  IdoUlatria.^l,  De  Hiftorich  Grads, — 4.  De 
^Hijiortus  Latinis. — 3.  De  Arte  Grammatica, — 6.  De 
FltHs  Scrmonis  iA  Ghjfemails  Latitw  Bar  bans. — 7.  Injlt- 
iunonesOratoria^ — 8.  Injiltutiones  Poetic  a, — 9.  Ars  Htf- 
torica. — 10.  De  quatuor  Ariibus  popularibus..  Gramma- 
tlce,  Gymnajlke^  Ivlujice^  A Graphics* — ll»  De  Philo- 
logia. — 12.  De  Univerfa  Mathefeos  Naturn  A Confti- 
Auiione* — 13.  De  Philojophia. — 14.  De  Philofophorum 
.^P'eBis. — 15.  De  Feternm  Poetarum  Pemporihus, 

Vossius  (Denis  Ion  of  the  foregoing  Gerard  John, 
died  at  22  years  of  age,  a prodigy  of  learning,  whofe 
.inceftant  ftudies  brought  on  him  fo  immature  a death. 
There  are  of  his,  among  other  fmaller  pieces,  Notes 
upon  Caefar’s  Commentaries,  and  upon  Maimonides 
on  Idolatry. 
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Vossius  {Frandu).,  brother  of  Denis  and  fon  0! 
Gerard  John,  died  in  164^,  after  having  publiflied  a 
Latin  poem  in  1640,  on  a naval  viAory  gained  by  the 
celebrated  Van  Tromp. 

Vos-Eius  {Gerard),^  brother  of  Denis  and  Francis, 
and  fon  of  Gerard  John,  wu*ote  Notes  upon  Paterculus, 
which  were  printed  in  1639.  He  was  one  of  the  moft 
learned  critics  of  the- 17th  century,  but  died  in  1640, 
like  bis  two  brothers,  at  a very  early  age,  and  before 
their  father. 

Vossius  {I/aac),,  was  the  youngeft^  fon  of 
Gerard  John,  and  the  only  one  that  furvived  him. 
He  was  born  at  Leyden  in  1618,  and  was  a man 
of  great  talents  and  learning.  Idis  father  was  his 
only  preceptor,  and  his  whole  time  was  fpent  in 
ftudying  His  merit  recommended  him  to  a corre- 
fpondecce  with  queen  Chrifttna  of  Sweden,  who  em- 
ployed him  in  fome  literary  commillions.  At  her  re- 
quell,  he  made  feveral  journeys  into- Sweden,  where  lie 
had  the  honour  to  teach  her  the  Greek  language ; 
though  {he  afterwards  difearded  him  on  hearing  that  he 
intended  to  write  againft  Salmafius,  for  whom  flie  had 
a particular  regard.  In  1663  he  received  a handfoine 
prefent  of  money  from  Louis  the  14th  of  France,  ac- 
companied with  a complimentary  letter  from  the  mini- 
fter  Colbert. — In  1670  he  came  over  to  England,  when 
he  was  created  DoAor  of  Laws  at  Oxford,  and  king 
Charles  tlie  2d  made  him  Canon  of  Windfor  ; though 
he  knew  his  charaAer  well  enough  to  fay,  there  was 
nothing  that  Vofiius  refufed  to  believe,  excepting  the 
Bible.  He  appears  indeed,  by  his  publications,  which 
are  neither  fo  numerous  nor  fo  iifeful  as  his  fathei  L,  to 
have  been  a moft  credulous  man,  while  he  afibrded 
many  circumftances  to  bring  his  religious  faith  in  que* 
ftion.  He  died  at  his  lodgings  in  VVindfor  Caftle,  in 
1688  ; leaving  behind  him  the  bell  private  library,  as  it 
was  then  fuppofed,  in  the  world  ; which,  to  the  fhame 
and  reproach  of  England,  was  fuffered  to  be  purchafed 
and  carried  away  by  the  univerfity  of  Leyden.  His 
publications  chiefly  were  l.  Periplus  Scylacts  Caryan- 
denfisy  Ac,  1639. — 2.  Jnftin,  with  Notes,  1640. — 3.  Ig- 
natii  EpiJlola,A Barnabtz  Epijlola,  1646. — 4.  Pompenius 
Mela  de  Situ  Or  bis,  1648. — 5.  Dijfertatio  de  vera  JEtate 
Mundi,  Ac,  1679. — 6.  De  Septuaginta  Interpretihvs^ 
Ac,  1661.— 7.  De  Luce,  1662. — 8.  De  Motn  Mark 
um  A Vent  or  urn, — 9.  De  Niii  A aliorum  Fluminum 
Origlne*-— 10.  De  Poematim  Cantu  A Viribus  Ryihmi, 
1673. — IT,  De  Syhillinis  aliifque,  qure  Chryii  natalem 
pracejfere,  2679. — FatuUus,  A in  e urn  ijaaci  Vojfij. 

Obfervationes,  1684. — 13.  Variarum  Gbfervationnm  li- 
ber, 1685,  in  which  are  contained  the  following  pieces : 
viz,  De  Antique  Roma  A altarum  quarundam  XJrliuM 
Magnitudine  ; De  Artihus  A Scientiis  Sinarum  ; De  Ori- 
gins A Pr'ogrejfu  Pulveris  Bellici  apud  Europaos  ; De 
Priretnium  A Lthurnicarum  ConJlruClione  ; De  Emenda- 
tione  Longitudinum  ; De patefaciendaper  Septentrionem  au 
yaponenfes  A Indos  Navlgatione  ,*  De  apparentibus  in  Lu- 
na dreulis  ; Diurna  Pclluris  converjiane  omnia  gr avia  ad 
medium  tendere. 

VOUSSOIRS,  vaiilt-ftones,  are  the  ftones  which 
immediately  form  the  arch  of  a bridge,  6vC,  being  cut 
fomewhat  in  the  manner  of  a truncated  pyramid,  them 
under  fides  conftituting  the  intrados,  to  which  their 

joints 
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every  where  in  a perpendicular 

direction. 

1 he  length  of  the  middle  VouiToir,  or  key-done,  and 
which  IS  the  lead  of  all,  diould  be  about  or 
ot  the^fpan  of  the  arch  ; from  hence  thefe  dones  fhould 

e maae  larger  and  larger,  all  the  way  down  to  the  im- 
po  ^ ^ t lat  they  may  the  better  ludain  the  grea.t  weicvht 
y-hica  reds  upon  them,  without  being  crulhed  or  brolTen, 
and^that  they  may  alfo  bind  the  firmer  together* 

r the  jiid  length  of  the  VoufToirs,  or  the  figure 

ot  the  extiados,  when  that  of  the  intrados  is  given  ; 
lee  my  Principles  of  Bridges,  or  Emerfon’s  Condruc- 
tion  of  Arches,  in  his  volume  of  Mifcellanies. 

^ Lnii\NlBURGH,  or  celedial  town,  the  name  of  a 
Crdebrated^  obfervatory,  in  a cadle  in  the  little  ifland 
Weenen,  in  the  Sound;  built  by  the  celebrated  Danilh 
Sdronomer,  Tycho  Brahe,  who  furnifhed  it  with  indru- 
rnents  for  obferving  the  courfe  and  motions  of  the  hea- 
venh/  bodies. 

1 his  obfei vatory,  which  w’as  finifhed  about  the  year 
1580,  had  not  lublided  above  ly  years  when  Tvcho, 
who  little  thought  to  have  erecled  an  edifice  of  fo 
diort  a duration,  and  who  had  even  pubhdied  tlie  fi- 
gure and  polition  of  tlie  heavens,  which  he  had  cliofen 
toi  the  moment  to  lay  thefird  done  in,  was  obliged  to 
abandon  his  country. 

Soon  after  this,  the  perfons  to  wliom  the  property 
of  the  ifland  was  given,  demoliflied  the  building:  part 
of  the  luins^^ivas  ciifperfed  into  divers  places:  the  red 
ferved  to  buiid  Pycho  a handfome  feat  upon  his  ancient 
edate,  which  to  this  day  bears  the  name  of  Urani- 
buigh  ; and  it  was  here  that  Tycho  compofed  his  cata- 
logue of  the  dars.  Its  latitude  is  54/  north,  and 
longitude  12^^  47  ' ead  of  Greenwich,  " 

M.  Picart,  making  a voyage  to  Uraniburgli,  found 
t..at  Tychos  meridian  line,  there  drawn,  deviated 
from  the  meridian  of  the  world  ; which  feems  to 
confirni  the  conjecture  of  fome  perfons,  that  the  pod- 
tion  ct  the  meridian  line  may  vary. 

URSx\,  in  Adronomy,  the  Bear,  a name  common  to 
two  condellations  01  the  Qorthern  hemifphere,  near  the 
pole,  didinguiflied  by  Major  and  Minor. 

Ursa  Major,  or  the  Great  Bear,  one  of  the  48  old 
coniiCilations,  and  perhaps  more  ancient  than  many  of 
the  otliers ; being  familiarly  known  and  alluded  to  by  the 
oided  v/nters,  and  is  mentioned  by  Ploiner  as  obferved 
by  navigators.  ^ It  is  fuppoied  that  this  condellation  is 
that  mentioned  in  the  book  of  Job,  under  the  nam.e  of 
Chej^.t,,  which  our  tranflation  has  rendered  Orion,  where 
it  is  faid,  “ Cand  thou  loofe  the  bands  of  Chefil 
(Orion)  r It  IS  farther  faid  that  the  Ancients  repi'c- 
fented  each  of  thefe  two  condellations  under  the  form 
of  a waggon  drawn  by  a team  of  horfes,  and  the  Greeks 
originally  called  them  waggons  and  two  bears  ; thev 
are  to  this  day  popularly  called  the  wains,  or  wag- 
gons, and  the  greater  of  them  Charles’s  Wain.  Hence 
is  remarked  the  propriety  of  the  expiefiion,  “ loofe 
^he  bands  C-c,  trie  oinding'  and  looling'  beiiif’'  terms 
very  applicable  to  a harnefs,  &c.  ^ 

Perhaps  the  Egyptians,  or  whoever  elfc  w^ere  the 
per  pie  that  invented  the  condellations,  placed  tliofe 
d s,  which  are  near  the  pole,  in  the  flgure  of  a bear, 
as  being  an  animal  inhabiting  tow^ards  the  north  pole, 
and  making  neither  long  journeys,  nor  fvvift  motkius. 
Yol,  IL 


But  the  Greeks,  in  their  ufual  way,  have  adapted  fom^ 
of  their  fables  to  it.  They  fay  this  bear  was  Callillo^ 
dciughtci  of  Lycaoii,  king  of  Arcadia  ; that  being  de- 
bauched by  Jupiter,  he  afterwards  placed  her  in  the 
heavens,  as  well  as  her  fon  AiCturus. 

The  Greeks  called  this  condellation  Arclos  and  lle- 
lice,  fi om  its  turning  round  the  pole.  The  l/atins  from 
the  name  oi  the  nymph,  as  varioiifly  written,  Callilto, 
hlegido,  and  klemido,  and  from  the  Arabians,  iomc- 
tim.es  Feretrum  Majiis,  the  Great  Bier.  And  the  Ur- 
fa^  Minor,  they  called  Feretrum  Minus,  the  Little 
Bier,  i he  Italians  have  followed  the  fame  cudom<, 
and  call  them  Cataletto.  Tliey  fpoke  alfo  of  the  Pheni- 
cians  being  guided  by  the  Leffer  Bear,  but  the  Greeks 
by  the  Greater. 

_ There  are  two  remarkable  dars  in  tin's  condellation,' 
VIZ,  thole  in  the  middle  of  his  body,  conlidered  as  the 
two  hindermod  of  tlie  wain,  and  called  the  pointers, 
becaufe  they  always  point  nearly  in  a diredion  towards 

the  noiuli  pole  dar,  and  fo  are  ufefui  in  fiiielinp;  this  dar 
out.  ^ 

The  (lars  In  Urfa  Major,  are,  according  to  Ptolo- 
my’s  catalogue,  35  ; in  'i’ydio’s  56;  in  Hcvclins’s  y?  ; 
but  111  the  Britannic  catalogue  By, 

Ursa  Miner,  the  Little  Bear,  called  alfo  AiBos 
Minor,  Phceuice,  and  Cynofura,  one  of  the  48  old  coiidel- 
JeUions^  3nd  iicur  tlic  north  polc^  tfic  Hqt  in  the 

tip  of  Its  tale  being  very  near  to  it,  and  thence  called 
the  po!e-dar. 

The  rnenicians  guided  their  navigations  by  this  con- 
dcllation,  for  which  reaioii  itwascalled  Phcnicc,  or  the 
Phenician  condellation.  It  was  alfo  called  Cynofura  by 

Oreeks,  becaufe,  according  to  fome,  that  was  one 
of  the  Qugs  of  the  huntrefs  Callido,  or  the  Great  Bear; 
but  accoiding  to^others  Cynofura  was  one  of  the  Idtean 
nymphs  that  nurfed  the  infant  Jupiter;  and  fome  fay 
that  Callido  was  another  of  them,  and  that,  for  tlicir 
care,  they  were  taken  up  together  to  tlie  fieies. 

Ptolomy  places  in  this  condellation  8 dars,  Tvcho 
Heveliiis  12,  and  Flamllced  24.  ' ' 

rij-vSUS  (Licholas  RAiiviARusj,  a v'cry  cx tra or- 
dinal y pei  fon,  and  dilhnguiuicd  in  the  fciencc  of  adro-  ' 
nomy,  was  born  at  Plenllcdt  in  Dithmarfen,  in  the 
duchy  of  Holdein,  about  the  year  1550  He  was  a 
fwinelierd  in  his  youth,  and  did  not  begin  to  read  till 
he  was  18  years  of  age  ; but  then  he  employed  all  tlie 
hours  he  could  fpare  from  his  daily  labour,  in  learninor 
to  read  and  write.  He  afterwards  applied  himfelf  to 
learn  the  languages  ; and,  having  a llrong  genius,  made 
a rapid  progrefs  in  Greek  and  Latin.  He  quickly 
leai  ned  alh;  the  k rench  language,  t lie  mathematics,  af- 
tronomy,  and  philofophy  ; and  mod  of  them  without 
tueadiilance  of  a mailer. 

Having  left  his  native  country,  he  gained  a mainte- 
nance  by  teaching  ; which  he  did  in  Denmark  in  1584, 
and  on  tiie  frontiers  of  Pom.eiania  and  Poland  in  1585. 

It  W’as. in  tin’s  place  that  he  invented  a new  fvflem  of 
adronomy,^  very  little  didcrent  from  that  of  Tvcho 
Brahe.  This  he  communicated,  in  1386,  to  the  land- 
grave of  HelTe,  which  gave  rife  to  a terrible  difpute  be- 
tween him  and  d’yeho.  This  celebrated  adronomer 
charged  him  w’ith  being  a plagiary:  udvo,  as  he  re- 
lated, happening  to  come  with  his  mailer  into  his  du- 
dy,  law  there,  drawn  on  a pieeb  of  paper,  the  figure  of 
4 - his 
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i-is  {yftem  ; arc!  afrerwartls  indolently  boalled  that  he 
iumltlF  Tvan  tlic  inventor  of  it,  Urfns,  upon  this  ac- 
cuiation,  wrote  luricuily  againll  I ychoj  called  the 
honour  of  b’S  inveni  ion  in  aneliion,  afcnbingthe  fytleni 
to  /i'^.nuioniiis  Perg'aeus ; and  in  ihort  aoiifed  nun  in  lo 
brutal  a niaiinerj  that  he  was  going  to  be  profecuted 
for  It. 

Urfus  was  afterwards  invited  by  tlie  emperor  to  teach 
the  mathematics  in  Prague  ; from  which  city?  to  avoid 
the  prefence  of  I'ycho,  he  withdrew  filently  in  I589> 
and  died  foon  after. 


He  made  fome  improvements  In  trigonometry,  and 
wn-ote  feveral  books,  which  difcover  the  marks  of  his 
haRy  Rudies  ; his  erudition  being  indigeRed,  and  his 
Ryle  incorredi,  as  is  ahnoR  always  to  be  obferved  of 
perfons  that  are  late-learned. 

VULPECULA  et  Anser,  the  Fox  and  Goofe^  in 
ARronomy,  one  of  the  new  conRellatlons  of  the 
northern  hemifphere,  made  out  of  the  unformed  Rars 
by  Hevelius,  in  which  he  reckons  27  Rars;  but  Flam* 
Reed  counts  35* 


r 
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/"AD,  or  Wadding,  in  Gunnery,  a Ropple  of 
J paper,  hay,  Rraw,  old  rope-yarn,  or  tow, 
rolled  iirmly  up  like  a ball,  or  a fliort  cyhnaei,  and 
forced  into  a gun  upon  the  powder,  to  keep  it  clofe  m 
the  chamber  ; or  put  up  clofe  to  the  Riot,  to  keep  it 
lYoni  roiling  out,  as  w'ell  as,  according  to  fomc,  to 
prevent  the  inflamed  powder  from  dilating  round  the 
fides  of  the  ball,  by  its  windage,  as  it  pafles  along  the 
chace,  which  it  was  thought  wouid  much  diiniiiilli  thy 
eiFort  of  the  powder.  But,  from  the  accurate  expeii- 
merits  lately  made  at  Woolwich,  it  has  not  been  touiid 
to  have  any  fuch  efFedt. 

WAD  HOOK,  or  Worm,  a long  pole  with  a ferew 
at  the  end,  to  draw  out  the  wad,  or  the  chfirge,  or 
paoer  &c  from  a gun. 

"waggoner,  in  ARronomy,  is  the  coaRellation 
CJrfa  Major,  or  the  Great  Bear,  called  alio  vulgarly 

Charles’s  Wain.  ^ , i r 

Waggoner  is  alfo  ufed  for  a rontier,  or  book  ot 


charts,  deferibing  the  Teas,  their  coaits,  &c. 

WALLIS  (Dr.  John),  an  eminent  Eugliih  mathe- 
matician, was  the  fon  of  a clergyman,  and  boi  n at 
ARiford  111  Kent,  Nov.  23*  1616.  After  being  in- 
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Rrudled,  at  different  fchools,  in  grammar  learnin^ 
Latin,  Greek,  and  Hebrew,  with  the  rudiments  of  lo- 
o-ic,  mufic,  and  the  French  language,  he  was  placed  in 
Emanuel  college,  Cambridge.  About  1 640  he  entered 
into  orders,  and  w'as  chofen  fellow  of  Qiyeen  s^college. 
He  kept  his  fellowRiip  till  it  was  vacated  by  his  marri- 
age, but  quitted  his  college  to  be  chaplain  to  Sir 
Richard  Darley  ; after  a year  fpent  in  this  fituation,  he 
i’pent  two  more  as  chaplain  to  lady  Vere.  \v^hhe  be 
lived  in  this  family,  he  cultivated  the  art  of  decipher- 
ing, whicli  proved  very  ufeful  to  him  on  feveral  occa- 
ffons  : Pie  met  with  rewards  and  preferment  from  the 
government  at  home  for  deciphering  letters  for  them  ; 
and  it  is  faid,  that  the  eleftor  of  Brandenburg  fent  him 
a gold  chain  and  medal,  for  explaining  for  him  fome 
letters  vmltten  in  ciphers, 

s 


In  1643  he  publlRied  Tml/j  FryeJ,  or  Animadver'* 
Rons  on  lord  Brooke’s  treatife,  called  The  Nature  of 
Truth  &c  ; Ryiing  himfeli  a minifter  in  London,” 
probably  of  St.  Gabriel  Eenchiirch,  the  fequeffratlori 
of  whicli  had  been  granted  to  hiiii.--In  1644  he  was 
chofen  one  of  the  feribes  or  fecretaries  to  the  affem- 
bly  of  divines  at  WeRmioRer. 

Academical  Rudies  being  mucb  interrupted  by  the 
civil  wars  In  both  the  imivcrRties,  many  learned  men 
from  them  reforted  to  Ldndon,  and  formed  affemblies 
there.  Wallis  belonged  to  one  of  thefe,  the  members 
of  which  met  once  a week,  to  difcourie  on  philofo- 
phical  matters  ; and  this  fociety  was  the  rife  and  be- 
o^inliincc  of  that  which  was  afterwards  incorporated  by 
the  name  of  the  Royal  Society,  of  which  Wallis  was 
one  of  the  moR  early  members. 

The  Savilian  profeffor  of  geometry  at  Oxford  being 
cjedled  by  the  parlianicntary  vifitors,  in  1649,  W^allis 
was  appointed  to  fucceed  him,  and  he  opened  his  lec. 
turcs  there  the  fa.me  year.  In  1630  he  publiflied  fome 
Animadverfions  on  a book  of  Mr.  Baxter’s,  intided, 
“ Aphorilms  of  JuRification  and  the  Covenant.  ” And 
in  1653,  in  Latin,  a Grammar  of  the  Englifii  tongue, 
for  the  life  of  foreigners  ; to  which  was  added,  a trad 
De  LoqueJa  feu  Sonorum  formatiane,  Cfe,  In  which  he 
conRders  pliilofophically  the  formation  of  all  founds 
ufed  in  articulate  fpeech,  and  Riews  how  the  organs 
being  put  into  certain  pofitions,  and  the  breath  puRi- 
ed  out  from  the  lungs,  the  perfon  will  thus  be  made 
to  fpeak,  Vvdiether  he  hear  himfelf  or  not.  Purfulng 
thefe  refledlons,  he  Was  led  to  think  It  poffible,  that 
a deaf  perfon  might  be  taught  to  fpeak,  by  being  di- 
reded  fo  to  apply  the  organs  of  fpeech,  as  the  found 
of  each  letter  required,  which  children  learn  by  imita- 
tion and  frequent  attempts,  rather  than  by  art.  He 
made  a trial  or  two  with  fuccefs  j and  pariiculaily  upon 
one  Popham,  which  involved  him  in  a difpute  rvith 
Dr.  Holder,  of  which  fome  account  has  already  been 
given  in  the  life  of  that  geiulcman, 

in 
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In  1654  he  took  the  degree  of  Doaor  I'n  Divinity  ; 
and  the  year  after  became  engaged  in  a Jong  contro- 
verfy  with  Mr.  Hobbes.  This  pJailofoplicr  having,  in 
165^%^  printed  his  treatife  De  Corpore  Fljilofophico, 
Dr.^VVallis  the  fame  year  wrote  a confutation  of  it  in 
Latin,  under  the  title  of  'Elenchvs  Geomeiri^  Hohbian^  ; 
which  fo  provoked  Hobbes,  that  in  1656  he  publifhed 
■It  in  Englifli,  with  the  addition  of  wJiat  lie  called 
“ Six  Leifons  to  the^  Profefibrs  of  Mathematics  in 
Oxford.”  Upon  this  Dr.  Wallia  wrote  an  anfwer  in 
Englilh,  intitled,  “ Due  Correaion  for  Mr.  Hobbes; 
or  School  difcipline  for  not  faying  his  Ledons  ri<Tht,’V 
16^6,  to  which  I\tr.  Hobbes  leplied  in  a pamphlet 
called  “ ITirMAI,  &c,  or  Marks  of  the  abfurd  Geo- 
metry, Rural  Language,  Scottifh  Church- politics,  and. 
Rarbarifms,  of  John  Maihs,  T.  his  was  immedi- 

ately rejoined  to  by  Dr.  Wallis,  in  Hobhiani  pjwdi  D'lf. 
puiiciw^  iG^jt  find  here  tliis  controverfy  feems  to 
have  ended,  at  this  tinie  : but  in  :66i  Mr.  Hobbes 
printed  Exammatia  Gf  Emendatto  Mathematkorum  Bo- 
disrnorum  in  fex  Dialogls  ; wliich  occafioned  Dr.  Wal- 
lis to  pnblifh  the  next  year,  Hohbius  Hcautontimoru- 
fnenosy  addrelTed  to  Mr.  Boyle, 

In  1657  colleCled  and  pubhdied  liis  mathematical 
works,  in  two  parts,  entitled,  Mathefis  Uv.BerJalisy  in 
4 to  ; and  in  16^8,  Commerciuni  Epiftolicu'n  de  ^ctfticml- 
hus  quihufdam  Malhemaiicis  nuper  babkuuiy  in  4to  ; wliicii 
was  a coileclion  of  letters  written  by  many  learned 
men,  as  Lord  Broun ker.  Sir  Ivenelm  Digby,  I'er- 
mat,  Schooten,  Wallis,  and  others. 

He  was  this  year  chofen  Cuftos  Archh'ornm  of  the 
univerfity.  Upon  this  occafion  Mr.  Stubbe,  who,  on 
account  of  his  friend  Mr.  Hobbes,  had  before  waged 
war  againft  Wallis,  publifhed  a pamphlet,  intitied, 

• “ The  Savilian  ProfelTor’s  Cafe  Stated,”  1658.  Dr. 
Wallis  replied  to  this  ; and  Mr.  Stubbe  republifhed  his 
cafe,  with  enlargements,  and  a vindication  againft  the 
exceptions  of  Dr.  Wallis. 

Upon  the  Rehoration  he  met  with  great  refpcdl:  ; the 
•king  thinking  favourably  of  him  on  account  of  fom.e 
fervices  he  had  done  both  to  himfelf  and  his  father 
Charles  the  firll.  He  was  therefore  conlirmed  in  his 
places,  alfo  admitted  one  of  the  king’s  chaplains  in  or- 
dinary, and  appointed  one  of  tlie  divines  empowered  to 
revife  the  book  of  Common  Prayer.  He  complied 
with  the  terms  of  the  aft  of  uniformity,  and  continued 
a heady  cpnformiil  till  his  death.  He  was  a verv  ufe- 
ful  member  of  the  Royal  Society  ; and  kept  up'  a li- 
terary correfpondence  with  many  learned  men.  In 
1 670  he  piiblilhe-d  his  EJcchr.nka  \ five  dr  Elctu,  410. 

In  1676  he  gave  an  edition  of  Jrclumedis  Syreicvjhni 
.Arenarivs  IE  Dhneifio  Cirridi ; and  in  1682  he  pubiidi- 
cd  from  the  m.anufcripts,  Clandii  PtalomEi  Opm  Banvo- 
fiicumy  in  Greek,  with  a Latin  veifion  and  notes  ; to 
which. lie  afterwards  vrMiedy  Jtpendix  de  veterum  Harmo- 
nica ad  hodiernavi  compnrafay  Ec,  In  1685  he  piiblifli- 
ed  fome  theological  pRieces  ; and,  about  1690,  was  en- 
gaged in  a difpnte  with  the  Unitarians  ; nlfo,  in  1692, 
in  another  difpnte  about  the  Sabbath.  Indcccl  his  hooks 
upon  fubjefts  of  divinity  are  very  numerous,  but  no- 
thing near  fo  important  as  his  mathematical  works. 

In  1685  he  publifned  his  Hillory  and  Praftice  of 
Llgebra,  in  folio  ; a work  that  is  fuU  of  learned  and 
iifeful  matter,  Btlides  the  works  above  mentioned,  he 


; publifhed  many  others,  particularly  his  Arithmetic  f 
hfinitesy  a book  of  genius  and  good  invention,  and 
perhaps  almofl:^  his ^ only  work  that  is  fo,  for  he  wan 
much^more  dillinguii'hed  for  his  induilry  and  judgment, 
than  tor  his  ggnius.  Alfo  a multitude^of  papers^in  the 
i nilof.  Tranl.  In  alrnolt  every  volume,  from  the  I ft  to 
the  25th  volume.  In  1697,  the  curators  of  the. Univer- 
fity prels  at  Oxford  thought  it  for  the  honour  of  the 
univerfity  to  colleft  the  doftor’s  mathematical  works', 
vvhich^  had  been  piinted  feparately,  fome  in  Latin, 
feme  in  Englifli,  and  publifhed  them  all  together  in 
the  Latin  tongue,  in  3 vols  folio,  1699.  ^ 

Dr.  y/allis  died  at  Oxford  the  28th  of  Oftober 
1703,  in, the  88th  year  of  his  age,  leaving  behind  him 
one  foil  and  two  daughters.  We  are  told  that  he  was 
ot  a vigorous  conflitution,  and  of  a mind  which  was 
ftrong,  calm,  ferene,  and  not  eafily  ruflled  or  difeorn- 
pofed.  He  fpeaks  of  himfelf, ’in  his  letter  to  Mr, 
Smith,  in  a ftrain  which  fhews  him  to  have  been  a very 
cautious  and  prudent  man,  whatever  his  fecret  opinions 
and  attachments  might  be  : he  concludes,  It  hath 
been  my  endeavour  all  along  to  aft  by  moderate  prin- 
ciples, being  v.'iliing,  whatever  fide  vi’as  uppernioft,  to 
promote  any  good  defign,  for  the  true  intereft  of  leli- 
gion,  ol  learning,  and  of  the  public  good.” 

WARD  (Dr.  Se'i’h),  an  Englifli  prelate,  chiedv 
famous  for  his  knowledge  in  matlmmatics  and  aftrono- 
ray,  was  the  fon  of  an  attorney,  and  born  at  Bunting- 
ford,  Hcrtfordfiiire,  in  1617  or  1618.  PVom  hence 
he  was  removed  and  placed  a ftudent  in  Sidney  college, 
Cambridge,  in  1632.  Here  he  applied  with  grtat  vi- 
gour to  his  fliidits,  particularly  to  the  mathema- 
tics, and  was  chofen  fellow  of  his  college.  In  1640 
he  was  pitched  upon  by  the  \' ice-chancellor  to  be  Frse- 
varicator,  winch  at  Oxford  is  called  Terrie-fihns ; 
whole  (ftlice  it  was  to  make  a witty  fpeech,  and  to 
laugh  at  any  thing  or  anybody:  a privilege  which 
he  excrciGd  fo  freely,  that  the"  Vicc-chancdlor  aftu- 
ally  fufpended  him  from  hi.s  degree;  though  he  re- 
verted the  cenfure  the  day  following. 

1 he^  civil  war  breaking  out,  Ward  was  involved  not 
a little  in  tlie  confequences  of  it.  He  was  ejefted  from 
his  fellovvfiiip  for  refilling  the  Covenant  ; againfu  which 
he  foon  after  joined  with  fcveral  others,  in  drawing  up 
that  noted  treatife,  which  was  afterwards  printed. 
Being  now  obliged  to  leave  Cambr’dge,  he  refided  for 
fome  time  v^'iih  certain  friends  about  i.oudon,  and  at 
othey  times  at  Aldbury  iu  Surry,  with  the  noted  mathe- 
matician Oiightred,  where  he  profecuted  his  mathema- 
tical (Indies.  He  afterwards  lived  for  the  molt  part, 
till  1649,  with  Mr.  Ralph  Erccman  at  Afpeudeii  iu 
Hti'tfordftiirc,  whofe  fons  he  inftrudted  as  tlieir  pre- 
ceptor ; after  which  he  refided  fome  months  with  lord 
Men  man,  of  I f/ame  Park,  in  O x ford  fti  ire. 

lie  had  not  been  long  in  this  family  before  the  vlfi- 
tatioii  of  tlie  univeillty  of  Oxford  began  ; the  elTeft  of 
AAliieh  was,  that  many  learned  and  emiin  nt  perfon* 
wereturn.ed  cut,  and  among  them  Mi.  Gveifves,  the  S.'- 
vihan  profedfor  of  Allroiiomy  : this  g.Mtlcm:i;;  b-. aur.'tl 
to  procure  \Vard  for  his  fuccefibr,  \vho!e  abilities  m 
his  way  were  iiniverfally  known  and  acknowicde’'cd  : 
and  ftfefted  it  ; Dr.  Wallis  luccecdir.g  to  the  Gcornc- 
try  proleflorfnip  at  llie  lame  time.  Mr.  bVaid  then 
entered  himfelf  of  Wadkaiii  college,  for  the  fake  of 
4 Q._2  Dr... 
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t)r.  Wilkms,  who  was  the  warden  ; and  lie  preiently 
applied  hlmFelf  to  bring  the  aftronomy  ledures,  wnich 
had  long  been  neglefted  and  diiiUed,  into  lepute 
again;  and  for  this  pnrpofe  he  read  them  very  con- 
Ibnily,  never  miffing  one  reading  day,  all  the  whue  he 

held  the  leaure.  * vj  a • 

In  i6c4,  both  the  Savihan  prorefrorii  Gid  tlieir  exe.- 
clfes,  in  order  to  proceed  dedtors  In  divinity;  and 
when  they  were  to  be  prelented,  \v  allis  claimed  piece- 
dency.  This  occafioned  a dilpute  ; which  being  oe- 
cided  in  favour  of  Ward,  who  was  really  the  ieriior, 
Wallis  went  out  grand  compounder,  and  ffi  obtained 
the  precedency.  In  1659,  Ward  was  choien  pixiiuent 
of  Trinity  colletre  ; but  was  obliged  at  the  .veitoration 
to  refign  that  pface.  He  had  amends  made  him,  how- 
ever, by  being  prefented  in  1660  to  toe  iccfoiy  of  ot, 
Laurence  jewvv.  The  fame  year  be  was  ulfo  inflalled 
precentor  of  the  church  of  Exeter.  In  1661  he^be- 
came  fellow  of  the  Royal  Society,  and  dean  of  Exe- 
ter ; and  the  year  following  he  wms  advanced  to  the 
biihoprtc  of  the  ffime  church.  In  1667  tranflat- 

ed  to  the  fee  of  Salifoury  ; and  in  1671  was  made 
chancellor  exf  the  order  of  the  garter;  an  honour 
which  he  procured  to  be  permanently  annexed  to  the 
fee  of  Saliihitry,  after  it  had  been  held  by  laymen  for 

above  1 50  years.  ' , 

Dr.  Ward  was  one  of  thofe  unhappy  perfons  who 

have  the  misfortune  to  furvive  their  fenfes,  widen  hap- 
pened in  confequence  of  a fever  ill  cured  : he  lived  till 
the  Revolution,"  but  without  knowing  any  thing  of  tlie 
matter^;  and  died  in  January  ibdp,  about  '~j  1 yeais  of 
age.  He  was  the  author  of  fev^al  Latin  works^  in 
ailronomy  and  different  parts  ot  the  matneiuaticfc, 
which  were  thought  excellent  iiy  their  day  ; but  their 
life  has  been  fuperfeded  by  later  Improvements  and  the 
Newtonian  philofophy.  Some  of  thefe  were, 

1.  A Philofophical  Effay  towards  an  Evidlion  of  the 
Teiiig  and  Attributes  of  God,  &c«  16^2. 

2.  De  Cometis,  &c  ; gto,  1693. 

In  Ifmaelis  Bullialdi  Afironomk  Inquifitio ; 

4to,  ^653* 

4.  Idea  Trigonometrise  demonflrat::^  ; 4to,  1634, 

5.  Aftronomia  Geometrica  ; 8vo,  1656.  In  this 
wmrk,  a metliod  is  propofed,  by  yyhich  the  aftronomy 
of  the  planets  is  geometrically  refolved,  eithei  upon  tlie 
Elliptical  or  Circular  motion  ; it  being  in  the  third  or 
la  ft  part  of  this  wmrk  that  he  propofts  and  explains 
what  is  called  Ward’s  Circular  Hypothefis. 

6.  Exercitatio  epiftolica  in  Thomss  Hobbii  Phllofo- 
pbiam,  ad  D.  Joannem  Wilkins  ; 16^6,  8vo. 

^ But  that  by  which  he  hath  chiefly  fignalized  him- 
felf,  as  to  aftronomical  invention,  is  his  celebrated  ^ap- 
proximation to  the  true  place  of  a planet,  from  a given 
mean  anomaly,  founded  upon  an  hypothefis,  that  the 
motion  of  a planet,  though  It  be  really  performed  in  an 
elliptic  orbit,  may  yet  be  confidered  as  equable  as  to 
angular  velocity,  or  with  an  uniform  circular  motion 
round  the  upper  focus  of  the  ellipfe,  or  that  next  the 
aphelion,  as  a centre.  By  this  means  he  rendered  the 
praxis  of  calculation  much  eafier  than  any  that  could 
be  ufed  in  refolving  what  has  been  commonly  called 
Kepler’s  problem,  in  which  the  coequate  anomaly  wup 
to  be  immediately  inveftigated  from  the  mean  elliptic 
His  hypothefis  agrees  very  well  with  tkofe  orbits 


w'hich  are  elliptical  but  in  a very  fmall  degree,  as  that 
of  the  Earth  and  Venus  : but  in  others,  that  are  more 
elliptical,  as  thofe  of  Mercury,  Mars,  occ,  this  approxi- 
mation flood  in  need  of  a correction,  w'hich  was  made 
by  Biilliald.  Both  the  method,  and  the  correbtioii, 
are  very  well  explained  and  demonftrated,  by  Keill,  in 
his  Aftronomy,  ledtiire  24. 

WARGENTIN  (Peter),  an  ingenious  Swedlfh, 
mathematician  and  ailronomer,  was  born  Sept,  2 2, 
1717,  and  died  Dec.  13,  1783.  He  became  fecretary 
to  the  Academy  at  Stockholm  in  i 749,  wdieri  he  wa? 
only  32  j'ears  of  age  ; and  he  became  fucceflively  a 
member  of  moil  of  ttie  literary  academies  in  Europe, 
as  London,  Paris,  Peterffiurg,  Gottingen,  Upfal, 
Copenhagen,  Drontheim,  &c.  In  this  country  he  is* 
probably  moft  known  on  account  of  his  tables  for  com- 
puting the  ecliptes  of  Jupiter’s  fatellites,  which  are. 
annexed  to  the  JSlautical  Almanac  of  1779*  ^ know 

not  that  he  has  publiffied  any  feparate  wmrk  ; but  his 
communications  were  very  numerous  to  feveral  of  thofe 
Academies  of  which  he  was  a member ; as  the  Aca- 
demy of  Stockholm,  in  which  are  52  of  his  memoirs;, 
in  the  Philofophical  rranfactions,  the  Upfal  Adis,  the 
Paris  Memoirs,  &c. 

WATCH,  a fmall  portable  machine,  or  movement,, 
for  meaffiring  time  ; having  its  motion  commonly,  re- 
gulated by’  a fpiral  fpring.  Perhaps,  ftrlHly  fpeaking, 
watches  are  all  fuch  movements  as  the  parts  of 

time  ; as  clocks  are  fuch  as  puhl'ijh  them,  by  ttriking 
on  a bell,  &c.  But  commonly,  the  term  Watch  is  ap- 
propriated to  fuch  as  are  carried  in  the  pocket  ; and 
clock  to  the  large  movements^  whether  they  ftrike  the; 
hour  or  not. 

Spring  or  Pendulum  Watches  ftand  pretty  ranch  on 
the  fame  principle  with  pendulum  clocks.  For  if  a 
pendulum,  defcribing  fmall  circular  arcs,  make  vdbra- 
tions  of  unequal  lengths,  in  equal  times,  it  is  becaufe 
it  defcribcs  the  greater  arm  with  a greater  velocity  ; fo 
a fpring  put  in  motion,  and  making  greater  and  lels 
vibrations,  as  it  is  mere  or  kfs  ft  ill,  and  as  it  has  a 
greater  or  lefs  degree  of  motion  given  It,  peiclorms 
them  nearly  in  equal  times.  Hence,  as  the  vibrations 
of  the  pendulum  had  been  applied  to  large  clocks,  to 
I'cHify  the  inequality  of  their  motions  ; fo,  to  correct, 
the  unequal  motions  of  the  balance  in  Watches,  a fpring 
is  added,  by  the  ifochronifm  of  vvhofe  vibrations  the. 
corredion  is  to  be  nifeded.  The  fpring  is  ufually 
wound  into  a fpiral ; that,  in  the  little  compafs  allotted 
it,  it  may  be  as  long  as  poffible  ; and  may  have  ilrengili 
enough  not  to  be  maftered,  and  dragged  about,  by  the 
qualities  of  the  balance  it  is  to  regulate.  The  vi- 


mci 


brations  of  the  tv/o  parts,  viz,  the  fpring  and  the  ba- 
lance, flrouid  be  of  the  fame  length  ; but  fo  adjufted, 
as  that  the  fpring,  being  more  regular  in  the  length, 
of  Its  vibrations  than  the  balance,  may  occafionaily 
communicate  Its  regularity  to  the  latter. 

The  Iireentlon  of  Spring  or  Pocket  tVatches^  is  due  to. 
the  laft  age.  It  is  true,  it  Is  laid.,  in  trie  hillory  of 
Charles  the  5th,  that  a \\  atch  was  prefented  to  that 
prince  : but  this  was  probably  no  more  tlian  a kind  ot 
clock  to  be  fet  on  a table  : fome  refemblance  of  which 
we  have  ftill  remaining  in  the  ancient  pieces  made  be- 
fore the  year  1670.  Some  accouncs  alfo  fay,  the  firft 

Watches  were  made  at  Nuremberg  in  1500,  by  Peter 

Hell, 
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T'Icll,  and  were  called  Nuremberg  eggs,  on  account  of 
their  oval  form.  And  farther,  that  the  fame  year 
George  Purbach,  a mathematician  of  Vienna,  employ- 
-ed  a watch  that  pointed  to  feconds,  for  agronomical 
obfervations,  which  was  probably  a kind  of  clock.  In 
effedl,  it  is  between  Hook  and  Huygens  that  the  glory 
of  this  excellent  invention  lies : but  to  which  of  them 
it  properly  belongs,  has  been  greatly  difputed  ; the 
Englifh  afcribing  it  to  the  former,  and  the  French, 
Hutch,  See,  to  the  latter.  Herham,  in  his  Artificial 
Clockmaker,  fays  roundly,  that  Hr.  Hook  was  the 
inventor  ; and  adds,  that  he  contrived  various  ways  of 
regulation  : one  way  w'as  with  a loadilone  : another 
with  a tender  ftraight  fpring,  one  end  of  which  play- 
ed backward  and  forward  with  the  balance  j fo  that  the 
balance  was  to  the  fpring  as  the  ball  of  a pendulum,  and 
the  fpring  as  the  rod  of  the  fame  : a third  metliod  was 
with  two  balances,  of  which  there  were  divers  iorts  ; 
fome  having  a fpiral  fpring  to  the  balance  for  a regula- 
iator,  and  others  without.  But  the  v.  ay  that  prevailed, 
and  which  ftill  continues  in  mode,  was  with  one  ba- 
lance, and  one  fpring  running  round  the  upper  part  of 
the  verge  of  it : though  this  has  a difidvantage,  which 
thofe  with  two  fprings  &c  were  free  from  ; in  that,  a 
fudden  jerk,  or  conrufed  fhake  will  alter  its  vibrations, 
and  fluiry  it  very  much. 

The  time  of  thefe  inventions  was  about  the  year 
1658  ; as  appears,  among  other  evidences,  from  an 
infeription  on  one  of  the  double-balance  Watches 
prefented  to  king  Charles  the  fecond,  viz,  Rob.  Hook 
inven.  1658.  T Tompion  fecit,  1675.  The  inven- 
tion foon  came  into  repute  both  at  home  and  abroad  ; 
and  two  of  the  mitchines  were  fent  for  by  the  Dauphin 
of  France.  Soon  after  this,  M.  Huygens’s  Watch 
with  a fpiral  fpring  got  abroad,  and  made  a great  noife 
in  England,  as  if  the  longitude  could  be  found  by  it. 
It  is  certain  however,  that  this  invention  was  later  than 
the  year  1673,  book  He  Horol.  Ofcillat.  was 

publifhed  ; in  which  there  is  no  mention  of  this,  though 
he  fpeaks  of  feveral  other  contrivances  in  the  fame  way. 

One  of  thefe  the  lord  Bronnker  fent  for  out  of 
France,  where  iVJ.  Huygens  h.ad  got  a patent  for 
them.  This  Watch  agreed  with  Dr.  Hook’s,  in  the 
application  of  the  fpring  to  th.e  balance  ; only  that  of 
Huygens  had  a longer  ipiral  fpring,  and  its  puifes  and 
beats  were  much  (lower  ; alfo  the  balance,  in  Head  of 
turning  quite  round,  as  Dr.  Hook’s,  turned  feveral 
times  every  vibration.  Huygens  alio  invented  divers 
ether  kinds  of  Watches,  fome  of  them  without  any 
Fring  or  chain  at  all,  which  he  called  pendulum 
V/atches. 

Mr.  Derham  fiiggefts  that  he  fufpedls  Huvgens’s 
fancy  was  firft  fet  to  work  by  fome  intelligence  he 
might  have  of  Hook’s  invention  from  Mr.  Oldenburg, 
er  fome  other  of  hiscorrefpondents  in  England  ; though 
Mr.  Oldenbmg  vindicates  himieU  agaiiifi;  that  charge, 
in  the  Philof.  'Frank  numbeis  118  and  129. 

Watches,  fiiiee  their  hr(l  invention,  havf  gone  on  in 
a continued  courfe  of  improvement,  and  they  have 
lately  been  brought  to  great  perfection,  both  in  England 
and  in  France,  but  more  efpecially  the  former,  par- 
ticularly owing  to  the  great  encouragement  that  lias 
been  given  to  them  by  the  Board  of  Longitude.  Some 
of  the  chief  w'liters  and  improvers  of  Watches,  are, 


Le  Roy,  Cummins,  Flarrifon,  Mudge,  Emery,  and 
Arnold,  whole  Watches  are  now  in  very  high  re- 
pute, and  in  frequent  ufe  iu  the  navy  and  India  (hips, 
for  keepincT  the  lonsfitude.  See  Derham’s  Artificial 
Clockmaker;  Cummins’s  Principles  of  Clock  and 
Watch  work  ; Mudge’s  Thoughts  on  the  Means  of  im- 
proving Watches,  Szc. 

Str}/:i/;g  Watches,  are  fuch  as,  befides  the  propa* 
Watch  part,  for  meafuring  time,  have  a clock  part,, 
for  (Iriking  the  hours,  See.  Thefe  are  real  clocks  p 
only  moved  liy  a fpring  infiead  of  a weight ; and  are 
properly  called  pocket-clocks, 

EepecUtng  W/^TCHEs,  are  fuch  as,  by  pulling  a firing,. 
&c,  repeat  the  hour,  quarter,  or  minute,  at  any  time 
of  the  dav  or  night. — This  repetition  was  the  invention 
of  Mr.  Barlow,  being  firfi  put  in  practice  by  him  ifi 
larger  movements  or  clocks,  about  the  year  1676.  The 
contrivance  imm.ediately  fet  the  other  artills  to  work, 
who  foon  contrived  divers  wavs  of  efFeclincf  the  fame. 
But  its  application  to  pocket  Watches  was  not  known 
before  K.  James  the  fecond’s  reign;  when  the  ingenious 
inventor  above  mentioned  was  foliciting  a patent  for  it. 
d’lie  talk  of  a patent  engaged  Mr.  Q^tare  to  refume 
the  thoughts  of  a like  contrivance,  which  he  had  in 
view  fonie  years  before  ; he  now  effedled  it  ; and  being 
preffed  to  endeavour  to  prevent  Mr.  Barlow’s  patent,, 
a Watch  of  each  kind  was  produced  before?  the  king 
and  council  ; upon  trial  of  which,  the  preference  was 
given  to  Mr.  Q^are’s.  The  difference  between  them 
was,  that  Barlow’s  was  made  to  repeat  by  piifhing' 
in  two  pieces  on  each  fide  the  Watch-box  ; one  of  which 
repeated  the  hour,  and  tlie  other  the  quarter  : whereas- 
Qaiare’s  was  made  to'  repeat  by  a pin  that  (tuck  out 
near  the  pendant,  which  being  thruft  in  (as  now  is 
done  by  thrufting  in  the  pendant  itfelf)  repeated  both 
the  hour  and  quarter  with  the  fame  thruff. 

Of  the  Mechaivfm  of  a Watch. 

Watches,  as  well  as  clocks,  are  compofed  of  wheels^ 
and  pinions,  with  a regulator  to  direct  the  quicknefs 
or  (lownds  of  the  wheels,  and  of  a (pring  which  com- 
municates motion  to  the  whole  machine.  But  the 
regulator  and  ipring  of  a Watch  are  valtly  inferior  cq 
the  weight  and  pendulum  of  a clock,  neither  of  which 
can  be  employed  in  Watches.  Inftead  of  a pendulum, 
therefore,  they  are  obliged  to  iile  a balance  (PL  34, 
fig,  4)  to  regulate  the  motion  of  a Watch;  and  of  a 
fpring  (fig.  6),  which  (erves  inllead  of  a weight,  to 
give  motion  to  the  wheels  and  balance. 

The  wheels  of  a Watch,  like  thofe  of  a clock,  are 
placed  in  a frame,  formed  of  two  plates  and  four  pillars.. 
Fig.  3 reprefents  the  infide  of  a Watch,  after  the  plate 
(Fig.  5)  Is  taken  off.  A is  the  barrel  which  contains 
the  fpring  (fig.  6)  ; the  chain  is  rolled  about  the 
Irarrel,  with  one  end  of  It  fixed  to  the  barrel  A,  and' 
the  other  to  the  fufee  B. 

When  a Watch  is  wound  up,  the  chain  which  was- 
upon  the  barrel  v/inds  about  the  fufee,  and  by  this> 
means  the  Ipring  is  fit  etched  ; for  the  interior  end  of 
the  ipring  is  fixed  by  a (pring  to  the  i.mmoveable  axis, 
about  which  the  barrel  revolves;  the  exterior  end  of. 
the  fpring  is  fixed  to  the  infide  of  the  barrel,  whicli.-. 
turns  upon  an  axis.  It  is  there  eafy  to  perceive  how. 
the  fptiug  extends  itfelf,  and  huw  its  ela.fiicity  forces. 
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the  bairtl  to  turn  round,  and  conreqiu.ntlv  oLiige^  the 
chani  which  is  upon  the  fnfee  io  uuiold  and  turn  the 
fufee  ; t.lie  motion  of  the  fulce  is  comuuniicated  to  the 
vvhec]  CC  ; tlien  by  means  of  the  teeth,  to  the  phuon 
r,  which  carries  the  wlicel  I)  ; then  to  the  pinion  r/, 
v/h,ich  carries  the  wheel  E ; tlien  to  tire  pinion  e,  which 
carries  the  wheel  F ; then  to  the  pinion/,  upon  which 
is  the  balance-wheel  G,  whole  pivot  runs  in  the  piece 
A,  caiied  the  potance,  and  B called  a follower,  which 
are  hxed  on  tire  plate  fig.  h'his  plate,  of  which 
only  a part  is  repvefented,  is  applied  to  that  of  lig.  3, 
in  fuch  a manner,  that  the  pivots  or  tire  wheels  enter  into 
Iroles  made  in  t}ie  plate  fig.  3.  "Fluis  the  impreffed 
force  of  the  Ipring  is  coiinnumcated  to  the  wlreels  ; 
aiid-tlie  pinion  /being  then  connedfed  to  tlie  wliccl  F, 
obliges  it  to  turn  (hg.  7).  This  wheel  adts  upon  the 
pallats  of  tire  verge  i,  2.  (fig.  4)  the  axis  of  which 
carries  the  balance  HH  (ug*.  4).  The  pivot  T,  in  the 
end  of  the  verge,  enters  into  tire  hole  G in  the  potance 
A (fjg.  5).  In  this  figure  the  pallats  are  reprefented  ; 
but  the  balance  is  on  the  other  fide  of  the  plate,  as  may 
be  feen  in  fig.  II.  The  pivot  3 of  the  balance  enters 
into  a hole  of  the  cock  BC  (fig.  10),  a perfpedfive  view 
of  which  is  reprefented  in  fig.  12.  I'hus  the  balance, 
turns  between  the  cock  and  the  potance  c (fig.  3),  as 
in  a kind  of  cage.  The  aefion  of  the  balance-wheel 
upon  tlie  pallats  l,  2,  (fig,  4)  is  the  fame  with  that 
ofihe  fame  wheel  in  the  clock;  i.  e.  in  a Watch  the 
balance-wheel  obliges  the  balance  to  vibrate  backwards 
and  forwards  like  a pendiilimi. 

At  each  vibration  of  the  balance  a pallat  allows  a 
tooth  of  the  balance-wheel  to  efcape  ; fo  that  the 
qaickiiefs  of  tlie  motion  of  the  wheels  is  entirely  deter- 
mined by  the  qiilcknefs  of  the  vibrations  of  the  balance, 
and  thefe  vibrations  of  the  balance  and  motion  of  the 
wheels  are  produced  by  the  aefion  of  the  fpring. 

But  the  quicknefs  or  fiownefs  of  the  vibrations  of 
the  balance  depends  not  folely  upon  the  adtion  of  the 
great,  ipring,  but  chiefly  upon  the  adfion  of  the  fpring 
ahe^  caiied  the  fpiral  fpring-  ( flg.  13)  fituated  under 
the  balance  H,  and  reprclcnted  in  perfpedfive  (fig.  l f ) ; 
the  exterior  end  of  the  fpiral  is  fixed  to  the  pin  a 
(fig.  13).  This  pin  is  applied  near  the  plate  in  a 
(fig.  il)  ; the  interior  end  of  the  fpiral  is  fixed  by  a 
peg  to  the  centre  of  the  balance.  Hence  if  the  balance 
be  turned  upon  itielt,  th.e  plates  remaining  immoveable, 
the  fpririg  will  extend  itfelf,  and  make  the  balance  per- 
form one  revolution.  Now,  after  the  fpiral  is  thus 
extended,  il  the  balance  be  left  to  iti'elf,  the  elafticity 
of  tlie  fpiral  will  bring  back  the  balance,  asd  in  this  man- 
ner the  alternate  vibrations  of  the  balance  are  produced. 

In  fig.  7 all  the  wiwels  above  deferibed  are  reprefen  ted 
in  fuch  a manner,  r.hat  we  may  eafily  perceive  at  firil; 
fip-ht  how  the  motion  is  communicated  from  the  barrel 

O 

to  the  balance. 

In  fig.  8 are  reprefented  the  wheels  under  the  dial- 
platc,  by  which  the  hands  are  moved.  The  pinion  a 
is  adjufted  to  the  force  of  the  prolonged  pivot  of  the 
Vv’heel  D (fig.  7),  and  is  called  a cannon  pinion.  This 
wheel  revolves  in  an  hour.  Tiie  end  of  the  axis  of  the 
pinion  a,  upon  which  the  minute  hand  is  fixed,  is 
fquare  ; the  pinion  (fig.  8)  is  indented  into  the  wheel 

which  is  carried  by  the  pinion  a.  Fig.  9 is  a wheel 
fixed  upon  a barrel,  into  the  cavity  of  which  tUe  pinion 


a enters,  and  upon  which  it  turns  freely.  This  wdieel 
d revolves  in  J 2 hours,  and  carries  along  with  it  the 
hour-hand. 

WAd'ER,  in  Phyfiology,  a clear,  infipid,  and  co>- 
lourlefs  fluid,  coagulable  into  a tranfparent  folid  fub.- 
flancey  called  ice,  when  placed  in  a temperature  of  32'^ 
of  Fahrenheit’s  thermometer,  or  lower,  but  volatile 
and  fluid  in  every  degree  of  heat  above  that ; and  when 
pure,  or  freed  from  heterogeneous  particles,  is  reckoned 
one  of  the  four  elements. 

By  fome  late  experiments  of  MefTrs.  Lavoifier,  Watt, 
Cavendifl’,  Prieftley,  Kir  wan,  &c,  it  appears,  that 
Water  confifls  of  dephlogiflicated  air,  and  inflammable 
air  or  plilogillon  intimately  united;  or,  as  Mr.  AVatt 
conceives,  of  thofe  two  principles  deprived  of  part  of 
their  latent  heat.  And  in  fome  inftances  it  appears 
that  air  and  Water  are  mutually  convertible  into  each 
other.  Thus,  Mr.  Cavendifii  (I’liilof.  Tranf.  vol,  74, 
p.  128)  recites  feveral  experiments,  irt  which  he  changed 
common  air  into  pure  Water,  by  decompofing  it  in 
coni undf ion  with  inflammable  air.  T)r.  Prieftley  like- 
wufe,  having  decompofed  dephlogifticated  and  inflam- 
mable air,  by  firing  them  together  by  the  electric 
explofion,  found  a manifefl  decompofition  of  Water, 
which,  as  neaily  as  he  could  judge,  was  equal  in  weight 
to  that  of  the  decompofed  air.  He  aifo  made  a number 
of  Other  curious  experiments,  which  feemed  to  favour 
the  idea  of  a converfion  of  VvTter  into  air,  without  ab- 
folutely  pro\ing  it.  The  ftiilieulty  which  M.  De  Luc 
and  others  have  found  in  expelling  all  air  from  Water, 
is  bell  accounted  for  on  the  fuppofition  of  the  generation 
of  air  from  Water  ; and  admitting  that  the  coriverfion 
of  Water  into  air  is  effedfed  by  the  intimate  union  of 
what  is  called  the  principle  of  heat  with  the  Water,  it 
appears  fufiiciently  analogous  to  other  changes,  or  rather 
combinations,  of  fubllances.  Is  not,  fays  Dr.  Prieftley, 
the  acid  of  nitre,  and  alfo  that  of  vitriol,  a thing  as 
unlike  to  air  as  WTter  is,  their  properties  being  as 
remarkably  different  ^ And  yet  it  is  demonftrable 
that  the  acid  of  nitre  is  convertible  into  the  pureft; 
relpirable  air,  and  probably  by  the  union  of  the  fame 
principle  of  heat.  Philof.  Tranf.  vol.  73,  p.  414  See. 

Indeed  there  feems  to  be  AVater  in  all  bodies,  and 
particles  of  almoft  all  kinds  of  matter  in  AVater  ; ff)  that 
it  is  hardly  ever  lufficiently  pure  to  be  confiJered  as  an 
element.  AAkiter,  if  it  could  be  had  alone,  and  pure, 
Boerhaave  argues,  would  have  all  the  reqiiifites  of  an 
element,  and  be  as  fimple  as  fire  ; but  there  is  ho  ex- 
pedient hitherto  diicovered  for  procuring  it  fo  pure. 
Rain  AVater,  which  ieems  tire  pureft.  of  all  thofe  we 
know  of,  is  replete  with  infinite  exhalations  of  all  kinds, 
which  it  imbibes  from  the  air  : fo  that  if  filtered  and 
diftilled  a thoufand  times,  there  ftill  remain  ffeces. 
Belides  this,  and  the  numbevlefs  impurities  it  acquires 
after  it  is  raifed,  by  m.ixinc-  with  all  forts  of  eflluvia  in 
the  atmofpkere,  and  by  falling  upon  and  running  over 
the  earth,  hoiifes,  and  other  places.  There  is  alfo  fire 
contained  in  all  Water;  as  appears  from  its  fluidity, 
which  is  owing  to  fire  alone.  Nor  can  any  kinds  of 
filtering  through  fand,  ftone,  &c,  free  it  entirely  from 
falls  &c.  Nor  have  all  the  experiments  that  have  been 
invented  by  the  philofophcrs,  ever  been  able  to  derive 
AATter  perfeftly  pure.  Hence  Boerhaave  fays,  that  he 
is  ccnviiiced  nobody  ever  faw  a drop  of  pure  Water  ; 

that 
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' tliat  the  utmoil  of  Its  purity  known,  only  'amounts  to 
its  bting'  free  from  this  or  that  fort  of  matter  ; and  that 
it  can  never,  for  inftance,  be  quite  deprived  of  fait  ; 
fince  air  wdi  always  accompany  Water,  and  air  always 
contains  fait. 

Water  feems  to  be  diffufed  everywhere,  and  be  pre  ■ 
fent  in  all  fpace  wherever  there  is  matter.  rhcre  are 
hardly  any  bodies  in  nature  but  what  uill  yield  Water; 
it  is  even  afferted  that  fire  itielf  is  not  without  it.  A 
fingle  grain  of  the  fiery  fait,  which  in  a moment‘'s  time 
will  penetrate  through  a man’s  hand,  readily  imbibes 
half  its  weight  of  Water,  and  melts  even  in  the  drieft 
air  imaginable.  Among  innumerable  inftances,  hartf- 
horn,  kept  40  years,  and  turned  as  hard  and  dry  as 
any  metal,  fo  that  it  will  yield  fparks  of  fire  when 
flruck  againft  a flint,  vet  being  put  into  a glafs  veflel, 
and  diltilled,  will  afford  -|th  part  of  its  quantity  of 
W’’ater.  Bones  dead  and  dried  25  years,  and  thus 
become  almofl;  as  hard  as  iron,  yet  by  diflillation  have 
yielded  half  their  weight  of  Water.  And  the  hardeft 
flones,  ground  and  dlililled,  alwavs  difcover  a portion 
of  it.  Bat  hitherto  no  experiment  fhews,  thrtt  Water 
enters  as  a principle  into  the  combination  of  metallic 
matters,  or  even  into  that  of  vitrefcible  Hones. 

From  fuch  confiderations,  philofophers  have  been  led 
to  hold  the  opinion,  that  all  things  were  made  of  Water. 
Bafil  Valentine,  Paracelfus,  Van  Hchnont,  and  others 
have  maintained,  that  Water  is  the  elemental  matter 
or  ftamen  of  all  things,  and  fuffices  alone  for  the  pro- 
du6tion  of  all  the  vifible  creation.  Thus  too  Newton  : 
“ All  birds,  beads,  and  filhes,  infefts,  trees,  and 
vegetables,  with  their  feveral  parts,  do  grow  out  of 
W ater,  and  watery  tin6lures,  and  falts  ; and  by  putre- 
faclioii  they  all  return  again  to  watery  fubftances.” 
And  the  fame  doifrine  is  held,  and  confirmed  by  ex* 
periments,  by  Van  Helmont,  Boyle,  and  others. 

But  Dr.  ’iVoodward  endeavours  to  fliew  that  the 
whole  is  a miflake. — Water  contp.ininof  extraneous  cor- 
pufcles,  fome  of  which,  according  to  him,  are  the 
proper  matter  of  nutrition  ; the  Water  being  Hill 
found  to  afford  fo  much  the  lefs  nourifhment,  the  more 
it  is  purified  by  diflillation.  So  that  Water,  as  Inch, 
does  not  feeni  to  be  the  proper  nutriment  of  vegetables; 
but  only  the  vehicle  which  contains  the  nutritious 
particles,  and  carries  them  along  with  it,  through  all 
£hc  parts  of  the  plant. 

Helmont  however  carries  liis  fyflem  flill  farther,  and 
imagines  that  all  bodies  may  be  reconverted  into  Water. 
His  alkahefl,  he  affirms,  adequately  refolves  plants, 
animals,  and  minerals,  into  one  liquor,  or  more,  ac- 
cording to  their  feveral  internal  differences  of  parts  ; 
and  the  alkahefl,  being  abftrafted  again  from  thefe 
liquors,  in  the  fame  weight,  and  with  the  fame  virtues, 
as  when  it  diflolvcd  them,  the  liquors  may,  by  frequent 
cohobations  from  chalk,  or  fome  other  proper  matter, 
be  totally  deprived  of  their  feminal  endowments,  and  at 
iaft  return  to  their  firfl  matter;  which  is  infipid  Water. 

Spirit  of  wine,  of  all  other  fpirits,  feems  freefl  from 
Water  ; yet  idelmonl  affirms,  it  may  be  fo  united  with 
'W  ater,  as  to  become  Water  itfclf.  He  adds,  that  it 
is  material  Water,  only  under  a fulphureous  difguife. 
And  the  fame  thing  he  obferves  of  all  falts,  and  of 
oils,  which  may  be  almofl  wholly  ehauged  into  Wa- 
ter. 


I'/o Jlutidard for  the  JVdivJji  and  Parky  Water. 

Water  fcarce  ever  continues  two  moments  exactly 
of  the  fame  weight ; by  reafon  of  the  air  and  fire  con- 
tained in  it.  The  expanfion  of  Water  in  boiling  (hews 
what  elTeib  the  diflei-ent  degrees  of  fire  have  on  the 
gravity  of  WAter.  This  makes  it  difficult  to  fix  the 
fpecific  gravity  of  Water,  in  Older  to  fettle  its  degree 
of  purity.  However,  the  purefl  Water  we  can  ob- 
tain, according  to  the  experiments  of  Mr.  Hawdebee, 
is  850  times  heavier  than  air;  or  according  to  the  ex- 
periments of  Mr.  Cavendiih,  the  thermometer  beinfi- 
at  50°  and  the  barometer  at  294,  about  800  times  as 
heavy  as  air;  and  according  to  the  experiments  of  Sir 
Geo,  Shuckburgh,  when  the  barometer  is  at  29*27  and 
the  thermometer  at  53°,  Water  is  836  tunes  heavier 
than  air  ; whence  alfo  may  be  deduced  this  general 
proportion,  v.fliich  may  be  accounted  a flandarj,  viz, 
that,  when  the  barometer  is  at  30°  and  the  tliermometer 
at  55'^?  then  AVater  is  820  times  heavier  than  air  ; alio 
that  in  fuch  a (late  the  cubic  fcK)t  of  Water  weighs  looD 
ounces  avoirdupois,  and  that  of  air  1*222,  or  1=-  nearly, 
alfo  that  of  mercury  13600  ounces;  and  for  other  Hates 
of  tlie  thermometer  and  barometer,  the  allowance  is 
after  this  rate,  viz,  that  the  column  of  mercury  in  the 
barometer  varies  its  length  by  the  10  thoufandth  part 
of  itielf  for  a change  of  each  fingle  degree  of  tempera- 
ture, and  Water  changes  by  part  of  its  height 

or  magnitude  by  each  degree  of  the  fame.  However, 
we  have  not  any  very  exaft  flandard  in  air;  for  Water 
being  fomiich  heavier  than  air,  tne  more  Water  there 
is  contained  in  the  air,  the  heavier  of  eourfe  muft  the 
air  be  ; as  indeed  a conliderahle  part  of  the  weight  of  the 
atmofphere  feems  to  arile  from  the  Water  that  is  in  it. 

Properlies  arid  Eif  ols  of  Water. 'Water  is  a 

very  volatile _ body.  It  is  entirely  reduced  into  va- 
pours and  diflipated,  when  expofed  to  the  fire  and 
iinconfined. 

Wffiter  heated  in  an  open  vcffel,  acquires  no  more 
than  a certain  determinate  degree  of  heat,  whatever  be 
the  intenlity  of  the  fire  to  which  it  is  expofed;  which 
greatefl  degree  of  heat  is  when  it  boils  violently. 

It  has  been  found  that  the  degree  of  heat  neceffiary 
to  make  utci  boil,  is  vai  labl  . according  to  the  purity 
of  the  Water  and  the  weight  of  the  atmofrhere.  'I’li'e 
following  table  (hews  the  degree  of  heat  at  which  Tv^ater 
boils,  at  various  heiglits  of  the  barometer,  being  a me- 
dium between  thofe  refulting  from  the  experiments  of 
iSjL*  Geo.  Shuckburgh  and  M.  l)e  I^uc  ; 


I Height  of  the 

1 Barometer. 

j 

Heat  of  Boiling 
Water. 

j Inches. 

0 

26 

207 

26| 

206 

27 

2o6'9 

207*7 

28  . 

2 08  *5 

2&i 

209*4 

29 

210*3 

29^ 

2 I I *2 

30 

2 I 2*0 

3^4 

2 12*8 

3' 

213*6 

Water 
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Water  is  found  tlie  mod  penetrative  of  all  bodies, 
.after  lire,  and  the  mod  difiicult  to  eonilne  ; paffing 
throLigli  leather,  bladders,  Sec,  dddeh  ^.111  confine  air  ; 
making  its  way  gradnally  thioug-h  woods  ; and  is  only 
retainable  in  giafs  and  metals  ; nay  it  was  found  by 
experiment  at  Florence,  that  when  {hut  up  in  a fplie- 
rical  vclud  of  gold,  vdiicli  was  prefTed  with  a great  force, 
it  made  its  way  through  the  pores  even  oi  the  gold 
itfc’if. 


Water,  by  this  penetrative  quality  alone,  may  be  in- 
ferred to  enter  t lie  compofition  of  ail  bodies,  both  vege- 
table, animal,  foffii,  and  even  mineral ; with  this  par- 
ticular eircumllance,  that  it  is  eafily,  and  with  a gentle 
heat,  feparable  again  from  bodies  it  had  united  with. 

And  yet  the  fame  Water,  as  little  coheiive  as  it  is, 
and  as  eafilv  ftnarated  from  moll;  bodies,  will  cohere 
firmly  witli  feme  others,  and  bind  them  together  m 
the  moll  folid  maiTes  ; as  in  the  tempering  of  earth,  or 
aihes,  clay,  or  powdered  bones,  &c,  with  Water,  and 
then  dried  and  burnt,  when  the  malTes  become  hard 
as  Hones,  though  without  the  Water  they  would  be 
mere  duft  or  powHcr.  Indeed  it  appears  wonderful 
that  Water,  vr  hich  is  otherwife  an  airaoil  univerfal 
difiblvent,  flrould  nevertbeleis  be  a great  coagulator. 

Some  have  imagined  that  Water  is  incorapreliible, 
and  therefore  nonelafiic  ; founding  their  opinion  on 
the  celebiated  Florentine  experiment  above  mentioned, 
with  the  globe  of  gold ; when  the  Water  being,  as 
they  fay,  incapable  of  condenfation,  rather  thaii^yield, 
tranfuded  through  the  pores  of  the  metal,  fo  that  the 
ball  was  found  wet  all  over  the  outfide  ; till  at  length 
making  a cleft  in  the  gold,  it  fpun  out  with  great  ve- 
hemence. But  the  truth  of  the  conclufions  drawn  from 
this  Florentine  experiment  has  been  very  juflly  qiief- 
t'joned  ; Mr.  Canton  having  proved  by  accurate  ex- 
periments, that  Water  is  actually  compreffed  even  by 
tiie  weig'lit  of  the  atmofpbere.  See  Compression. 

Befides,  the  diminution  of  fize  which  Water  fuffers 
wlien  it  paffes  to  a lefs  degree  of  heat,  fufficiently 
ilrews  that  the  particles  of  this  fluid  are,  like  thofe  of 
ail  other  known  fubftances,  capable  of  approaching 
nearer  together. 

Ditch  Wat'Xr,  is  often  ufed  as  an  obje-fb  for  the 
microfeope,  and  feldom  fails  to  afford  a great  variety 
of  animalcules  ; often  appearing  of  a greenifh,  reddilh, 
or  yeilowiflr  colour,  from  the  great  multitudes  of  them. 
And  to  the  fame  caufe  is  to  be  aferibed  the  green  fleim 
on  the  furface  of  fuch  Water.  Dunghill  VvWcer  is  alfo 
full  of  an  imnienle  crowd  of  animalcules. 

'FrpJ]:i  Water,  is  laid  of  that  which  is  infipid,  or 
without  fait,  and  inodcrous;  being  the  natural  and 
pure  Hate  of  the  clement. 

/Azre/ Water,  or  Crwr/e  Water,  is  that  in  which 
foap  does  not  difTolve  completely  or  uniformly,  but  is 
curdled.  The  diffolving  power  of  hard  Water  is  lefs 
than  that  of  foft  ; and  hence  its  unfitnefs  for  v\'afaing, 
bleaching,  dyeing,  l)oiling  kitchen  vegetables,  &c. 

The  hardnefs  of  Water  may  arife  either  from  falts, 
or  from  gas.  That  which  arifes  from  falts,  may  be 
difeovered  and  remedied  by  adding  fome  drops  of  a 
folution  of  fixed  alkali but  the  latter  by  boiling,  cr 
expofure  to  the  open  air. 

Spring  Waters  are  often  hard  ; but  river  AVater  foft. 
Hard  Waters  are  remarkably  indilpofed  to  corrupt; 


they  even  preferve  putrtTcible  fubflances  for  a confidet- 
able  length  of  time  : hence  they  feem  to  be  befl  fitted 
for  keeping  at  fea,  efpeclally  as  they  are  fo  eafily  foftened 
by  a littlii  alkaline  fait. 

Pw/wV/ Water,  is  that  which  has  acquired  an  offen- 
five  fmt'll  and  tafle  by  the  putrefcence  of  animal  or 
vegetable  fubftan'ces  contained  in  it.  This  kind  of 
Water  is  in  the  highefi  degree  pernicious  to  the  human 
frame,  and  capable  of  bringing  on  mortal  difeafes  even 
by  its  fmelL  Quicklime  put  into  water  is  ufeful  to 
preferve  it  longer  fweet ; or  even  expofure  to  the  air 
in  broad  fhallow  vefiels,  xA>nd  putrid  Water  may  be 
in  a great  meafure  fweetened,  by  paffing  a current  of 
frefii  air  through  it,  from  bottom  to  top. 

Rain  vacate R may  be  confidered  as  the  purefl  dif- 
tilled  AA^ater,  but  impregnated  during  its  pafiage  through 
the  air  with  a confideiable  quantity  of  phlogifiic  and 
putrefeent  matter;  whence  it  iTfuperior  to  any  other 
in  fertilizing  the  earth.  Hence  alfo  it  is  inferior  for 
domefiic  purpofes  to  Ipring  or  river  Water,  even  if  it 
could  be  readily  procured  : but  fuch  as  is  gotten  from 
fpoLits  placed  below  the  roofs  of  houfes,  the  common 
way  of  procuring  it  in  this  country,  is  evidently  very 
impure,  and  becomes  putrid  in  a fiiort  time. 

Rfvei'  or  Ru nrimg^ is  next  in  purity  to  fnow 
or  diftilled  water  ; and  for  domeftic  purpofes  (uperior 
to  both,  in  having  lefs  putrefeent  matter,  and  more 
fixed  air.  That  however  is  much  the  purefi;  that  runs 
over  a clean  rocky  or  ftony  bottom. 

River  Waters  generally  putrefy  fooner  than  thofe  of 
fprings.  During  the  putrefadtion,  they  throw  off  a 
part  of  their  heterogeneous  m.atter,  and  at  length  be- 
come fweet  again,  and  purer  than  at  firft  ; after  which 
they  commonly  preferve  a long  time  ; this  is  remarkably 
the  cafe  with  the  Thames  A¥ater,  taken  up  about  Lon- 
don ; which  is  commonly  uied  by  feamen,  in  their 
voyages. 

Salt  AVater,  fuch  as  has  much  fait  in  it,  fo  as  to 
be  fenfible  to  the  tafle. 

Sea  AA^ater,  or  AVater  of  the  fea,  is  an  affemblage 
of  bodies,  in  wliicli  AVater  can  fcarce  be  faid  to  have 
the  principal  part : it  is  an  univerfal  colluvies  of  all 
tlie  bodies  in  nature,  fuftained  and  kept  fwimming  in 
AA^ater  as  a vehicle  ; being  a folution  of  common  lalt, 
fal  cathai’ticus  amarus,  a felenitic  fubftance,  and  a com- 
pound of  muriatic  acid  with  magnefia,  mixed  together 
in  various  proportions.  It  may  be  frefhened  by  fimple 
difiiliatioii  without  any  addition,  and  thus  it  has  fome- 
t lines  been  ufeful  in  long  voyages  at  fea.  Sea  AA  ater 
by  itfelf  has  a purgative  quality,  owing  to  the  falts  it 
contains  ; and  has  been  greatly  recommended  in  fero* 
phulous  diforders. 

Sea  AVater  is  about  3 parts  in  100  heavier  than  com- 
mon AA^ater  ; and  its  temperature  at  great  depths  is 
from  34  to  40  degrees  ; but  near  tlie  furface  it  follows 
more  nearly  the  temperature  of  the  air. 

Snonju  AVater,  is  the  pureft  of  all  the  common 
AVaters,  when  the  fnow  has  been  colledfed  pure.  Kept 
in  a warm  place,  in  clean  giafs  vefiels,  not  clofely 
flopped,  but  covered  from  duft,  &.c,  fnow-warer  be- 
comes in  time  putrid  ; though  in  well-flopped  bottles 
it  remains  unaltered  for  feveral  years.  But  diftilled 
AAHter  fuffers  no  alteration  in  either  eircumllance. ^ 

Spring  AVater  is  commonly  impregnated  with  a 
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fmall  portion  oF  Imperfedl  neutral  fait,  extrafted  from 
the  different  ftrata  through  which  It  percolates.  Some, 
contain  a vaft  quantity  of  ftony  matter,  which  they 
depofit  as  they  run  along,  and  thus  form  maffes  of 
done;  fonietimes  incruftating various  animal  and  vege- 
table matters,  which  they  are  therefore  faid  to  petrify. 
Spring-Water  is  much  ufed  for  domedic  purpofes,  and 
on  account  of  its  coolnefs  is  an  agreeable  drink  ; but 
on  account  of  its  being  ufually  fomewhat  hard,  is  infe- 
rior to  that  which  has  run  for  a confiderable  way  in  a 
channel. 

Spring-water  arifes  from  the  rain,  and  from  the 
mifls  and  moiflure  in  the  atmofphere.  Thefe  falling 
upon  hills  and  other  parts  of  the  earth,  foak  into  the 
ground,  and  pafs  along  till  they  find  a vent  out  again,  in 
the  form  of  a fpring. 

W ATER-Bel/o^vs,  In  Mechanics,  are  bellows,  for 
blowing  air  into  furnaces,  that  are  worked  by  the  force 
of  water. 

Water-CIocL  See  Clepsydra. 

W ATER-Engine,  an  engine  for  extingiiifliing  fires  ; 
or  any  engine  to  ralfe  water  ; or  any  engine  moved  by 
the  force  of  W^ater.  See  Engine,  and  SxEAM-iiV 


gine* 


VJ ATER-Gage,  an  infirument  for  raeafuring  the 
depth  or  quantity  of  any  water.  See  Gage. 

'W ATE R-Level,  is  the  true  level  which  the  furface  of 
ftlll  W%er  takes,  and  is  the  trued  of  any. 

W AT ER- Logged t In  Sea-Language,  denotes  the  date 
of  a fiup  when,  by  receiving  a great  quantity  of  Water 
into  her  hold,  by  leaking,  S:c,  die  has  beaime  heavy 
and  inadivc  upon  the  fea,  fo  as  to  yield  without  refid-. 
ance  to  the  effort  of  every  wave  rudiing  over  her 
deck. 

W AT ER-  hit! e*  See  Machine. 

W ATE R- 3 fea/ii re.  Salt,  fea-coal,  kc,  while  on 
board  vcffels  in  the  pool,  or  river,  are  meafured  with 
the  corn-bufhel  Jieaped  up  ; or  elfe  5 driked  pecks  are 
allowed  to  the  bufhel.  This  is  called  Water-meafure  ; 
and  It  exceeds  Wincheder-meafure  by  about  3 gallons  in 
the  bufhel. 

W ATER’3Ecrofeope.  See  Microscope, 

Water-  Mill.  See  Mill. 

Motion  of  Water,  in  Elydraulics.  The  theory  of 
the  motion  of  running  Water  is  one  of  the  principal 
cbjeds  of  hydraulics,  and  to  which  many  eminent  ma- 
thematicians' have  paid  their  attention.  But  it  were  to 
be  w'ifhed  that  their  theories  were  more  confident  with 
each  other,  and  with  experience.  The  inqnifitive  reader 
may  confult  Newton’s  Princlpia,  hb.  2,  pr.  '^6,  with 
the  comment.  Dan.  Bernoulli  s Hydrodynamica.  J. 
Bernoulli,  ELydrauhea,  Oper.  tom.  pa.  3^9*  Er. 
Turin,  In  the  Philof.  Traiif.  num.  4^2,  or  Abridg. 
vol.  8,  pa.  282,  Gravefande,  Phyfic.  Elem.  Mnlheni. 

2,  par.  2.  IVIaclaunn’s  Flux.  ait.  ^3  /*  ^ olcni  de 

Cadellis,  Ximenes,  D’Alembert,  Boffu,  Biiat,  and 
many  others. 

But  notwlthdandlng  the  labours  of  all  thefe  eminent 
authors,  this  intricate  fubjedt  dill  remains  in  a great 
meafure  obfeure  and  uncertain.  Even  the  fimplc  cafe  of 
the  motion  of  running  water,  when  it  iffues  from  a 
hole  in  the  bottom  of  a veffel,  has  never  yet  been  deter- 
mined, fo  as  to  give  univerfal  fatisfadfion  to  the  learn- 
ed.* On  this  head,  it  know  pretty  generally  allowed, 
Vol.  II. 


that  the  velocity  of  the  iffuing  dream,  is  equal  to  tlklt 
which  a heavy  body  acquires  by  falling  through  the 
height  of  the  fluid  above  the  hole,  as  may  be  demon- 
drated  by  theory  : but  In  pradfice,  the  quantity  of  the 
effluent  Water  is  much  lefs  than  wEat  is  given  by  this 
theory  ; owing  to  the  obdrudlion  to  the  motion  in  the 
hole,  partly  from  the  fides  of  it,  and  partly  from  the 
different  diredlions  of  the  parts  of  the  AVater  in  enter- 
ing it,  which  thence  obdrutf  each  other’s  motion.  And 
this  obdrudlion,  and  the  diminution  in  the  quantity  of 
Water  run  out,  is  dill  the  more  in  proportion  as  the 
hole  IS  the  fmaller;  In  fuch  fort,  that  vvhen  the  hole  is 
very  fmall,  the  quantity  is  dimlnidied  in  the  ratio  of  ^/i 
to  I very  nearly,  which  is  the  ratio  of  the  greated  di- 
minution ; and  for  larger  holes,  the  diminution  is  al- 
ways lefs  and  lefs.  This  fadl  Is  afeertained,  or  admitted 
by  Newton,  and  all  the  other  philofophers  abovemen- 
tioned,  with  fome  fmall  variations. 

That  the  velocity  of  the  Water  in  the  hole,  oral 
lead  fome  part  of  it,  as  that  for  example  in  the  middle 
of  the  dream,  is  equal  to  that  abovementloncd,  is  even 
evinced  by  experiment,  by  diredling  the  dream  eithev' 
fideways,  or  upwards  ■;  for  in  the  former  cafe,  it  in 
found  to  range  upon  an  horhiontal  plane,  a didance 
that  jud  anfwers  to  that  velocity,  by  the  nature  of  pro- 
jedliles;  and  in  the  latter  cafe,  the  jet  rifes  nearly  to 
the  height  of  the  W'^ater  in  the  veffel ; which  it  could 
not  do,  If  its  velocity  were  not  equal  to  that  acquired 
by  the  free  defeent  of  a body  through  that  height. 
Hence  It  is  evident  then,  that  the  particles  of  the  AA^a- 
ter,  which  are  in  the  hole  at  the  fame  moment  of  time, 
do  not  all  burd  out  with  the  fame  velocity  ; and,  In  E61, 
the  velocity  Is  found  to  decreafe  all  the  w'ay  from  the 
middle  of  the  hole,  where  It  is  greated,  tow^ards  the 
fide  or  edge,  where  it  Is  the  lead. 

At  a fmall  didance  from  the  hole,  the  diameter  of  the 
vein  of  AA^ater  is  much  lefs  than  that  of  the  hole.  Thus, 
if  the  diameter  of  the  hole  be  i,  the  diameter  of  the 
vein  of  Water  jud  without  it,  will  be  If,  or  0*84,  ac- 
cordinsf  to  New'ton’s  meafure,  wdio  fird  obferved  this 
phenomenon;  and  according  to  PolenI’s  meafure  o’yS 
nearly.  » 

By  the  experiments  of  Buat  (Principcs  d’Hydrauli- 
que),  the  quantity  by  theory  is  to  that  by  experiment, 
for  a fmall  hole  made  In  the  thin  fide  of  a refervoir,  as 
8 to  5.  When  a fiiort  pipe  is  added  to  the  hole  out- 
wards, of  the  length  of  tw^o  or  three  times  its  diameter^ 
that  ratio  Is  as  16  to  13.  And  vvhen 
the  fhort  pipe  is  all  within  fide  the 
vcifel,  as  in  the  margin,  the  fame 
ratio  becomes  that  of  3 to  2.  Polenl 
alfo  found  that  the  quantity  of  VA’^ater 
flowing  through  a pipe  or  tube,  was 
much  greater  than  that  through  a 
hole  of  the  fame  diameter  in  the  thin  [_ 
fide  or  bottom  of  the  veffel,  the 
height  of  the  head  of  AA^ater  above 
each  being  the  fame.  See  alfo  many  other  curious  clr- 
cumdances  in  Buat’s  Principcs  above  mentioned. 

Some  authors  give  this  rule  for  finding  the  , height 
due  to  the  velocity  in  a flat  orifice,  or  a medium  among 
all  the  parts  of  it,  fuch  that  this  medium  velocity  being 
drawn  into  tlie  area  of  the  hole,  fhall  give  the  quantity 
per  fecond  that  runs  through  ; viz,  let  ^ denote  the 
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area  of  the  ftirface  of  the  Water  in  the  vefiel,  a the 
area  of  the  orifice  by  which  the  Water  ifiues,  and  H 
the  height  of  the  Water  above  the  orifice  ; then, 
as  2/1  — a \ A : H i the  height  due  to  the  medium 
velocity,  or  the  height  from  which  a body  mufi  freely 
defeend,  by  the  force  of  gravity,  to  acquire  that  mean 
velocity. 

Authors  are  not  vet  agreed  as  to  the  force  with  which 
a vein  of  W ater,  fpouting  from  a round  hole  in  the  fide 
of  a vefiel,  prefles  upon  a plane  diredlly  oppofed  to  the 
motion  of  the  vein.  Mod  authors  agree,  that  the 
prefifiire  of  this  vein,  flowing  uniforndy,  ought  to  be 
equal  to  the  weight  of  a cylinder  of  Water,  whofe  bafe 
is  equal  to  the  liole  through  which  the  Water  flows,  and 
its  height  equal  to  the  height  of  the  Water  'n  the  vef- 
/fel  above  the  hole.  The  experiments  made  by  Mariotte, 
and  others,  feem  to  countenance  this  opinion.  But 
Dan.  Bernoulli  rejefts  it,  and  eftirnates  this  prefiTure  by 
the  rveight  of  a column  of  the  fluid,  whofe  diameter  is 
equal  to  the  contra6led  vein  (according  to  Newton’s 
©bfervation  abovementioned),'and  the  height  of  which 
is  equal  to  double  the  altitude  due  to  tlie  real  velocity  of 
the  fpouting  Water  ; and  this  prefiure  is  alfo  equal  to 
the  force  of  repulfion,  arifing  from  the  reaftion  of  the 
fpouting  W ater  upon  the  veffcl.  The  ingenious  author 
remarks  that  he  fpeaks  only  of  Angle  veins  of  Water, 
the  whole  of  which  are  received  by  the  planes  upon 
wdiich  they  prefs  ; for  as  to  the  prefliires  exerted  by 
fluids  furrounding  the  bodies  they  prefs  upon,  as  the 
wdnd,  or  a river,  the  cafe  is  different,  though  con.- 
founded  with  the  former  by  writers  on  this  fubjedi  Hy« 
tlrodynamica,  pa.  289. 

Another  rule  how^ever  had  been  adopted  by  the  Aca- 
demicians of  Paris,  who  made  a number  of  experi- 
ments to  confirm  or  eftablifii  it.  MilK  Acad.  Paris,, 
ann.-  i6':9,  fed.  3^  cap.  5, 

D.  Bernoulli,  on  the  other  hand,  thinks  his  own. 
theory  fufficiently  eftabliflied  by  the  experiments  he  re- 
lates ; for  the  particulars  of  wdiich  fee  the  Ada  Petro- 
politana,.  vol.  8,  pa.  122. 

This  ingenious  author  is  of  opinion  that  his  theory  of 
the  quantity  of  the  force  of  repulfion,  excited  by  a vein, 
of  fpouting  Water,  might  he  ufefully  applied  to  move 
ihips  by  pumping  ; and  he  thinks  the  motion  produced 
b'y  this  repulfive  force  would, fail  little,  if  at  all,  fliort 
of  that  produced  by  rowing,  H'e  has  given  his  rea- 
fons  and  computations  at  length  in  his/Hydrodyna- 
mica,  pa.  293  &c. 

This  fcience  of  the  preffures  exerted  by  Water  or, 
ether  fluids  in  motion,  is  what  Bernoulli,  calls  Hydrau- 
LcoAatica.  This,  fcience  differs  from  hydroflatics, 
which  confiders  only  the  preffure  of  Water,  and  other 
fiifids  at  refi:  ; whereas  hydraiilico-fiatics  confiders  the^ 
jirelfure  of  Water  in  motion.  Thus  the  preffure  ex- 
erted by  Water  moving  through  pipes,  upon  the  fides  of 
thofe  pipes,  is  an  hydraulico-itatical  confideration,  and 
has  been  erroneoufly  determined  by  many,  wTo  have, 
given  no  other  rules  in  thefe  cafes,  but  fucji  as  are  ap- 
plicable only  to  the  pfeffiire  of  fluids  at  refto  See 
Hydrodynam.  pa.  25b  &c. 

WATER-Pe^x  See  Hydrometer,  and  Areome^ 

TER  . 

Dr.  Hook  contrived  a Water-poife,  which  may  be  of 
pmod  fervicein  examining  the  purity  &c  of  Water.  It 


confifis  of  a round  glgfs  ball,  like  a bolt  head,  about 
3 inches  diameter,  with  a narrow  flem  or  neck,  the 
24th  of  an  inch  in  diameter  ; which  being  poifed  with, 
red  lead,  fo  as  to  make  it  but  little  heavier  than  pure 
fweet  Water,  and  thus  fitted  to  one  end  of  a fine  ba- 
lance, with  a counterpolfe  at  the  other  end  ; upon  the 
leaf!  addition  of  even  the  2000th  part  of  fait  to  a quan-^ 
tlty  of  Water,  half  an  inch  of  the  neck  will  emerge 
above  the  water.  Thilof.  Tranf.  num,  ipy.  ^ 

Rajjing  of  Water,  in  Hydraulics.  The  great  ufe 
of  raifing  Water  by  engines  for  the  various  piirpofes  of 
life,  IS  well  Known.  IMachines  have  in  all  ages  been 
contrived  with  this  view  ; a detail  of  the  befi:  of  which^. 
with  the  tlieory  of  their  conftrudfion,  would  be  very 
curious  and  infiruDive.  M.  Belidor  has  executed  this- 
in  part  in  his  Architedlure  Hydraulique.  Dr.  Defagu-- 
liers  has  alfo  given  a defcriptiori  of  feveral  eno-ines  to 
raife  Water,,  in  his  (Sourfe  of  Experimental  Philofophyj, 
vol,  2 and  there  are  leveral  other  fmaller  works  of  the 
fame  kind. 

Engines  for  raifing  Water  are  either  fuch  as  throw 
it  up  with  a great  velocity,  as  in  jets  > or  fuch  as  raife  it. 
from  one  place  to  another  by  a gentle  motion.  For* 
the  general  theory  of  thefe  engines,  fee  Bernoulli’s.. 
Hydrodynamica. 

Defaguliers  has  fettled  the  maximum  of  engines  for> 
raifing  w^ater,  thus  c a man  with  the  bed  Water  engine 
cannot  ralie  above  one  hogfhead  of  Water  in  a mintite^.. 
10  feet  high,  to  hold  it  all  day 3 but  he  can  do  almod 
twn’ce-as  much  for  a minute  or  twOc , 

AT EK- Spout.  See  Spout, 

Water- fV/jeef  an  engine  for  raifing  Water 
great  quantity  out  of  a deep  well,  &c.  See  Persian-- 
Wheel. 

WateR'//'’o;,’D,  See  Raifing  of  Water, 

WAVE,  in  Phyfics,  a volume  of  water  elevated  b^, 
the  adtion  of  the  wind  &c,  upon  its  furface,  into  a 
date  of  fitidtuation,  and  accompanied  by  , a cavity.  The 
extent  from  the  bottom  or  lowed;  point. of  one  cavity, 
and  acrofs  the  elevation,  to  the  bottom  of  the  next  ca- 
vity, is  the  breadth  of  the  Wave. 

Waves  are  conlidered  as  of  two  kinds,  which  may 
be  diftinguilhed  from  one  another  by  the  names  of  na* 
tiiral  and  accidental  Waves.  The  natural  Waves  arc. 
thofe  which  are  regularly  proportioned  in  fize  to  the 
firength  of  the  wind  which  produces  them.  The  ac- 
cidental Vv^aves  arc  thofe  occafioned -by  the  wind’s  re-  . 
ading  upon  itfelf  by  reperewfllon  from. Tills  or  high  , 
fhoies,  and  by  the  dafiiing  of  the  Waves  themfelves,  , 
other  wife  of  the  natural  kind,  again  ft  rocks  and  ’ 
flioals  ; by  which  means,  thefe  Waves  acquire  an  eleva- 
tion much  above  what  they  can  have  in  their  natural 
ftate. 

Mr.  Boyle  proved,  by  numerous  experiments,  that , 
the  mod  violent  wind  never  pe,netrates  deeper  than  6 
feet  into  the  water ; and  it  feems  a natural  confequence 
of  this,  that  the.  water  moved  by  it  can  only  be  elevated  ' 
to  the  fame  height  of  6 feet  from  the  level  of  the  furface 
in  a calm  ; and  thefe  6 feet  of  elevation  being  added  to. 
tlie  6 of  excavation,  in  the  part  from  whence  that  water 
fo  elevated  was  raifed,  ftiould  give  1 2 feet  for  the  utmoft . 
elevation  of  a Wave.  This  is  a calculation  that  does 
great  honour  to  its  author  j as  many  experiments  and,’ 
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obfervations  have  proved  that  it  is  very  nearly  true  in 
deep  leas,  where  the  Waves  are^ purely  natural,  and 
have  no  accidental  caufes  to  render  them  larger  than 
their  juft  proportion. 

It  is  not  to  be  underftood  however,  that  no  Wave 
of  the  lea  can  rife  more  than  6 feet  above  its  natural 
level  in  open  and  deep  v/atcr  ; for  Waves  vaftly  higlier 
than  theie  are  formed  in  violent  tempefts  in  the  great 
feas.  Thefe  however  are  not  to  be  accounted  Waves  in 
their  natural  ftate,  but  as  compound  Waves  formed  by 
the  union  of  many  others  j for  in  thefe  wdde  plains  of 
water,  when  one  Wave  is  raifed  by  the  wind,  and 
would  elevate  itfelf  up  to  the  exad  height  of  6 feet, 
and  no  more,  the  motion  of  the  water  is  fo  great,  and 
the  fiiccefilon  of  Waves  fo  quick,  that  while  this  is 
rifing,  it  receives  into  it  feveral  other  Waves,  each  of 
wftiich  would  have  been  at  the  fame  height  with  Itfeif ; 
theie  run  into  the  hrft.  Wave  one  alter  another,  as  it  is 
rifing,;  by  which  means  its  rife  is  continued  much  longer 
than  it  naturally  would  have  been,  and  it  becomes  ac- 
cumulated to  an  enormous  fize.  A number  of  thefe 
complicated  Waves  rifing  together,  and  being  conti- 
nued in  a long  fucceftion  by  the  continuation  of  the 
ftorm,  make  the  Waves  fo  dangerous  to  ftiips,  which 
the  fallors  in  their  phrafe  call  mountains  high. 

Different  Waves  do  not  difluib  one  another  when 
they  move  in  different  diredions.  The  reafon  is,  that 
whatever  figure  the  furface  of  the  water  has  acquired  by 
the  motion  of  the  Waves,  there  may  in  that  be  an  ele- 
vation and  depreflion  ; as  alfo  Inch  a motion  as  is  re- 
quired in  the  motion  of  a ^Vave. 

Weaves  are  often  produced  by  the  motion  of  a tremu- 
lous body,  which  alfo  expand  themfelves  circularly, 
though  the  body  goes  and  returns  in  a right  line  ; for 
the  water  which  is  raifed  by  the  agitation,  defeending, 
forms  a cavity,  which  is  every  where  furrounded  with 
a rifing. 

The  Motion  of  the  TJ  makes  an  article  in  the 

Newtonian  philofophy  ; that  author  having  explained 
their  motions,  and  calculated  their  velocity  from  ma- 
thematical principles,  fimilar  to  the  motion  of  a pen- 
dulum, and  to  the  reciprocation  of  water  in  the  two 
legs  of  a bent  and  inverted  fyphon  or  tube. 

His  propofitlon  concerning  fuch  canal  or  tube  is  the 
44th  of  the  2d  book  of  his  Principia,  and  is  this  : “ If 
water  afeend  and  defeend  alternately  In  the  erefted  legs 
of  a canal  or  pipe  ; and  a pendulum  be  conllrudted, 
whofe  length  between  the  point  of  fufpenfion  and  the 
centre  of  ofcillation,  is  equal  to  half  the  length  of  the 
water  in  the  canal ; then  the  water  will  afeend  and  de- 
feend In  the  fame  times  In  which  the  pendulum  ofcil- 
lates.”  The  author  hence  infers,  in  pi'op.  45,  that  the 
velocity  of  Waves  is  In  the  fubduplicate  ratio  of  their 
breadths  ; and  in  prop.  46,  he  proceeds  “ To  find  the 
velocity  of  Waves,’’  as  follows  : “ Let  a pendulum  be 
conftrudled,  wLofe  length  between  the  point  of  fuf- 
penfion  and  the  centre  of  ofcillation  is  equal  to  the 
breadth  of  the  Waves  ; and  in  the  time  that  the  pen- 
dulum will  perform  one  fingle  ofcillation,  the  Waves 
w'ill  advance  forward  nearly  a fpace  equal  to  their 
breadth.  That  which  I call  the  breadth  of  the  Waves, 
is  the  tranfverfe  meafure  lying  between  the  deepeft  part 
of  the  hollows,  or  between  the  tops  of  the  ridges. 


Let  ABCDEF  leprefenl  the  furface  of  ftagnant  water 
afeend ing  and  defeending  in  fucceffive  Waves  ; alfo  kt 


A,  C,  E,  &c,  be  the  tops  of  the  Waves ; and  B,  D,  F, 
&c,  the  intermediate  hollows.  Becaufe  the  motion  of 
the  Waves  is  carried  on  by  the  fuccefiive  afeent  and  de- 
feentof  the  water,  fo  that  the  parts  of  it,  as  A,  C,  E, 
&c,  which  are  highell  at  one  time,  become  loweft  im- 
mediately after  ; and  becaufe  the  motive  force,  by 
which  the  higheft  parts  defeend  and  the  loweft  afeend, 
is  the  weight  of  the  elevated  water,  that  alternate  af- 
eent and  defeent  will  be  analogous  to  the  reciprocal  mo- 
tion of  the  water  in  the  canal,  and  obferve  the  fame 
laws  as  to  the  times  of  its  afeent  and  defeent;  and 
therefore  (by  prob.  44,  above  mentioned)  If  the.diL 
tances  between  the  highefi:  places  of  the  Wavqs 
A,  C,  E,  and  the  loweft  B,  D,  F,  be  equal  to  twice 
the  length  of  any  pendulum,  the  higheft  parts  A,  C,  E, 
will  become  the  loweft  In  the  time  of  one  ofcillalioiij 
and  in  the  time  of  another  ofcillation  will  afeend  again. 
Therefore  between  the  paftage  of  each  Wave,  the  time 
of  two  ofciilatlons  will  intervene;  that  is,  the  Wave 
will  defcrlbe  its  breadth  in  the  time  that  the  pendulum 
will  ofcillate  twice;  but  a pendulum  of  4 times  that: 
length,  and  which  therefore  is  equal  to  the  breadth  of 
the  W^’aves,  will  juft  ofcillate  once  in  tliat  time, 
^E,L 

Corol.  I.  Therefore  Waves,  whofe  breadth  is 
equal  to  39!-  Inches^  or  3^^  feet,  will  advance  through- 
a Ipace  equal  to  their  breadth  In  one  fecond  of  time  ; 
and  therefore  in  one  minute  they  will  go  over  a fpace  of 
195-I-  feet;  and  in  an  hour  a fpace  of  11737  feet,  uear^' 
ly>  or  2 miles  and  alinoft  a quarter. 

“ Corol.  2.  And  the  velocity  of  greater  or  his 
Waves,  will  be  augmented  or  diminilhed  in  the  fubdu- 
plicate ratio  of  their  breadth. 

“ riiele  things  (Newton  adds)  are  true  upon  tlic 
fuppolitlon,  that  the  parts  of  water  afeend  or  defeend 
in  a right  line  ; but  In  faeft,  that  afeent  and  defeent  is 
rather  performed  in  a circle  ; and  therefore  I propofe 
the  time  defined  by  this  propolition  as  only  near  ih-e 
truth.” 

Stilling  Wave means  of  Oil,  This  wonderful, 
property,  though  well  known  to  the  Ancients,  as  ap'- 
pears  from  the  writings  of  Pliny,  was  for  many  ages 
either  quite  unnoticed,  or  treated  as  fabulous  by  luc- 
ceeding  philofophcrs.  Of  late  it  has,  by  means  of  Dr. 
Franklin,  again  attracted  the  attention  of  the  learned  ; 
though  it  appears,  from  fome  anecdotes,  that  feafaring 
people  have  always  been  acquainted  with  It.  In  Mar- 
tin’s defeription  of  the  Weftern  Iftands  of  Scotland,  we 
have  the  following  paftage  : “ Tlie  fteward  of  Kildn, 
M’ho  lives  in  Pabbay,  isaccuftomed,  In  time  of  a ftorm, 
to  tie  a bundle  of  puddings,  made  of  the  fat  of  fea- 
fowl,  to^  the  end  of  his  cable,  and  lets  it  fall  into  tlie 
fea  behind  his  rudder.  This,  he  fays,  hinders  the 
Waves  from  breaking,  and  calms  the  fea.”  Mr.  Pen- 
nant, in  his  Biitifti  Zoology,  voh  iv,  under  the  article 
4 ^ ^ Seal} 
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Seal,  takes  notice,  that  when  thefe  animals  are  devour- 
ing a very  oily  fidi,  which  they  always  do  underwater, 
the  Waves  above  are  remarkably  linooth  ; and  by  this 
mark  the  fifhermen  know  where  to  find  them.  Sir  Gil- 
bert Lawfon,  who  Served  long  in  the  army  at  Gibral- 
tar, afhired  Dr.  Franklin,  that  the  fifliermen  in  that 
place  are  accuflomed  to  pour  a little  oil  on  the  fea,  in 
order  to  ffill  its  motion,  that  they  maybe  enabled  to  fee 
the  oyfters  lying  at  its  bottom,  which  are  there  very 
large,  and  which  they  take  up  with  a proper  infl  rurcent, 
A fimiiar  practice  obtains  among  fifhermen  in  various 
other  parts,  and  Dr.  I'ranklin  was  inform.ed  by  an  old 
fea-captain,  that  the  fifhermen  of  Lifbon,  when  about 
to  return  into  the  river,  if  they  faw  too  great  a furf  upon 
the  bar,  would  empty  a bottle  or  two  of  oil  into  the  fea, 
which  would  fupprefs  the  breakers,  and  allow  them  to 
pafs  freely. 

The  Dodtor  having  revolved  in  his  mind  all  thefe 
pieces  of  information,  became  impatient  to  try  the  ex- 
Deriment  himfelf.  At  lafl  having  an  opportunity  of ob- 
ferving  a large  pond  \iej-y  rough  with  the  wind,  he 
dropped  a fmall  quantity  of  oil  upon  it.  But  having 
at  fird  applied  it  on  the  lee-  fide,  the  oil  was  driven  back 
again  upon  the  fhore.  He  then  went  to  the  windward 
fide,  and  poured  on  about  a tea-fpoon  full  of  oil  ^ this 
produced  an  indant  calm  over  a Space  Several  yards 
Square,  which  Spread  amazingly,  and  extended  itlelf 
giadiially  till  it  came  to  the  lee-fide  ; making  all  that 
quarter  of  the  pond,,  perhaps  half  an  acre,  as  Smooth  as 
glafs.  This  experiment  was  often  repeated  in  different 
places,  and  always  with  fuccefs.  Our  author  accounts 
for  it  in  the  following  manner  i 

“ There  Seems  to  be  no  natural  repulfion  between 
water  and  air,  to  keep  them  from  coming  into  contadl 
with  each  other.  Hence  we  find  a quantity  of  air  in 
water  ^ and  if  we  extradl  it  by  means  of  the  air  pump,, 
the  fame  water  again  expofed  to  the  air  will  foon  im- 
bibe an  equal  quantity. — Therefore  air  in  motion, 
which  is  wind,  in  palling  over  the  Smooth  Surface  of  wa- 
ter, may  rub  as  it  were  upon  that  furface,  and  raife  it 
into  wrinkles  ; which,  if  the  wind  continues,  are  the 
elements  of  future  Waves.  The  fmalleil  Wave  once 
raifed  does  not  immediately  fubfide  and  leave  the  neigh- 
bouring water  quiet  ; but  in  fub Siding  raifes  nearly  as 
much  of  the  water  next  to  it,  the  friCfion  of  the  parts 
making  little  difference.  Thus  a done  dropped  into  a 
pool  raifes  fird  a Single  Wave  round  itfelf,  and  leaves  it, 
by  finking  to  the  bottom;  but  that  lirff  Wave  fubliding 
yaifes  a fecond,  the  fecond  a third,  and  fo  on  in  cir- 
cles 10  a great  extent. 

A fmall  power  continually  operating,  will  produce 

a great  aftion.  A finger  applied  to  a weighty  fuf- 

pended  bell,  can  at  firll  move  it  but  little  ; if  repeatedly 

applied,  though  with  no  greater  ftrength,  the  motion 

iiicreafes  till  the  bell  Swings  to  its  utmoft  height,  and 

with  a force  that  cannot  be  refilled  by  the  whole  drengtk 

of  the  arm  and  bodv.  Thus  the  Small  hrft  raifed  Waves 

* 

being  continually  ahfed  upon  by  the  wind,  are,  though 
the  wind  does  not  increafe  in  ffrength,  continually  in- 
crealed  in  magnitude,  rifing  higher  and  extending  their 
bafes,  fo  as  to  include  a vail  mafs  of  water  in  each 
Wave,  which  in  its  motion  a6ls  with  great  violence. 
Bat  tea  mutual repuUiou between  tht.particles 


of  oil,  and  no  attraeffion  between  oil  and  water,  oif 
dropped  on  w^ater  wuil  not  be  held  together  by  adhefiort 
to  the  Spot  w'hereon  it  falls  ; it  will  not  be  imbibed  by 
the  water ; it  will  be  at  liberty  to  expand  itfelf ; and 
it  will  Spread  on  a Surface  that,  befides  being  Smooth 
to  the  moll  perfedk  degree  of  polifli,  prevents,  perhaps 
by  repelling  the  oil,  all  immediate  contact,  keeping  it 
at  a minute  dillance  from  itfelf  ; and  the  expanfion  will 
continue,  till  the  mutual  repulfion  between  the  particles 
of  the  oil  is  weakened  and  reduced  to  nothing  by  their 
dillance, 

“ Now  I imagine  that  the  wind  blowing  over  water 
thus  covered  with  a film  of  oil  cannot  ealily  catch  upon 
it,  fo  as  to  raife  the  fiift  wrinkles,  but  Aides  over  it, 
and  leaves  it  Smooth  as  it  finds  it.  It  moves  the  oil  a 
little  indeed,  which  being  between  it  and  the  water, 
Serves  it  to  Hide  w’ith,  and  prevents  fridtion,  as  oil  does 
between  thofe  parts  of  a machine  that  would  otherwife 
rub  hard  together.  Hence  the  oil  dropped  on  the 
windward  fide  of  a pond  proceeds  gradually  to  leeward,,, 
as  may  be  Seen  by^  the  fmoothnefs  it  carries  with  It  quite 
to  the  oppofite  fide.  For  the  wind  being  thus  prevented 
from  raifing  the  firll  wrinkles  that  I call  the  elements  oF 
Waves,  cannot  produce  Waves,  which  are  to  be  made  by 
continually  adling  upon  and  enlarging  thofe  elements  j 
and  thus  the  whole  pond  is  calmed. 

“ Totally"  therefore  we  might  fupprefs  the  Waves  ia. 
any  required  place,  if  we  could  come  at  the  windward 
place  where  they  take  their  rife.  This  in  the  oceaa 
can  Seldom  if  ever  be  done.  But  perhaps  Something 
may"  be  done  on  particular  occafions  to  moderate  the 
violence  of  the  Waves  when  we  are  in  the  midil  of  them, 
and  prevent  their  breaking  when  that  would  be  incoi>>^ 
venient.  For  when  the  wind  blows  frelh,  there  are 
continually  rifing  on  the  back  of  every  great  Wave  a 
number  of  Small  ones,  which  roughen  its  furface,  and 
give  the  wind  hold,  as  it  were,  to  pulh  it  with  greater 
force.  Th  is  hold  is  diminillied  by  preventing  the  ge- 
neration of  thofe  Small  ones.  And  poffibly  too,  when  . 
a Wave’s  furface  is  oiled,  the  wind,  in  palfing  over 
it,  may  rather  in  Some  degree  prefs  it  down,  and  con- 
tribute to  prevent  its  rifing  again,  inffead  of  promot- 
ing it. 

“ This,  as  mere  conjeAure,  would  have  little  weight^.  , 
if  the  apparent  effeHs  of  pouring  oil  into  the  midlt  of 
Waves  were  not  confideiable,  and  as  yet  not  otherwife  ■ 
acGoimted  for. 

“ When  the  wind  blows  fo  frefli,  as  that  the  Waves  . 
are  not  Sufficiently  quick  in  obeying  its  impulfe,  their 
tops  being  thinner  and  lighter,  are  pufhed  forward,. .. 
broken,  and  turned  over  in  a white  foam.  Common 
Waves  lift  a veffel  without  entering  It ; but  thefe,  when  . 
large,  Sometimes  break  above  and  pour  over  it,  doing 
great  damage. 

That  this  effect  might  in  any  degree  be  prevented, 
or  the  height  and  violence  of  Waves  in  the  fea  mode- 
rated,  we  had  no  certain  account ; Pliny’s  authority  for 
the  pradlice  of  Seamen  in  his  time  being  flighted.  But 
t-kfcoLirfing  lately  on  this  fubjedl  with  his  > excellency 
Count  Bentinck  of  Holland,  his  Son  the  honourable 
Captain  Bentinck,  and  the  learned  profeffor  Allemand 
(to  all  whom  1 fliowed  the  experiment  of  Smoothing  in 
u windy  day  the  large  piece  of  water  at  the  head  of  the 

greea. 
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green  park),  a letrer  was  mentioned  which  had  been 
received  by  the  Count  from  Batavia,  relative  to  the 
faving  of  a Dutch  fhip  in  a ftorm  by  pourinof  oil  into 
the  fea.’^ 

WAY  of  a Shipy  is  fometimes  ufed  for  her  wake  or 
track.  But  more  commonly  the  term  is  uiiderftood  of 
the  courfe  or  progrefs  which  fhe  makes  on  the  water 
under  fail;  thus,  when  flie  begins  her  motion,  ihe  is 
faid  to  be  under  V/ay  ; when  that  motion  increafes,  fhe 
is  faid  to  have  U''ay  through  the  water  ; when  die 
goes  apace,  they  hy  /he  has  a yood  Way  ; and  tl)e  ac- 
count of  her  rate  of  failing  by  tlie  log,  they  call,  beep- 
ing an  account  of  her  Way.  And  becaufe  mod  fhips  are 
apt  to  fall  a little  to  the  leeward  of  their  true  courfe  ; it 
is  cudomary,  in  cading  up  the  log-board,  to  allow 
fomething  for  her  leeccL'ard  IVay^  or  leenuny*  Hence 
alfo  a drip  is  faid  to  have  hsad-Wav,  fern- Way. 

WAYWISElv,  an  indruinent  for  meafuring  the 
road,  or  diftance  travelled  ; called  alio  Perambula- 
tor, and  Pedomktkr.  See  thefe  two  articles. 

Mr.  Lovell  Edgwortli  communicated  to  the  Society 
of  Arts,  &c,  an  account  of  a Way-wifer  of  his  inven- 
tion ; for  which  he  obtained  a filver  medal.  This  ma- 
Giilne  confids  of  a nave,  formed  of  two  round  flat  pieces 
of  w’ood,  1 inch  thick  and  S Inches  in  diameter.  In 
each  of  the  pieces  there  are  cut  eleven  grooves,  of  an 
inch  wide,  and  deep  ; and  when  the  two  pieces  are 
ferewed  together,  they  enclofe  eleven  fpokes,  foi'ming 
It  wheel  cf  fpokes,  without  a rim  t.  the  circumference 
of  the  wheel  is  exactly  one  pole  ; and  the  indrurneiit 
may  be  eafiiy  taken  to  pieces,  and  put  up  in  a fmall  com- 
pais.  On  each  of  the  Ipokes  there  is  driven  afenil,  to 
prevent  them  from  wearing  out  ; and  in  the  centre  of 
the  nave,  there  is  a fquare  hole  to  receive  an  axle.  Into 
this  hole  is  inferted  an  iron  or  brafs  rod,  which  has  the 
thread  of  a very  fine  ferew  worked  upon  it  from  one 
end  to  the  other  ; upon  this  ferew  hangs  a nut  which, ^ 
as  the  rod  turns  round  with  the  wheel,  advances  to- 
W'ards  the  nave  of  the  wheel  or  recedes  from  it.  The 
nut  does  this,  becaufe  it  is-prevented  from  turning  tound 
with  the  axle,  by  having  its  centre  of  gravity  placed  at 
feme  difiance  below  the  rod,  fo  as  always  to  hang  per- 
pendicularly like  a j>liimmet.  Two  tides  of  this  ferew  are 
hied  away  fiat,  and  have  figures  engraved  upon  them, 
to  fhew  by  the  progreifive  motion  of  the  nut,  how  many 
circumvolutions  of  the  wheel  and  its  axle  have  been 
made:  on  one  fide  the  divifions  of  miles,  fuilongs,  and 
poles  are  in  a direefi  order,  and  on  the  other  fide  the  fame 
divifions  are  placed  in  a retrograde  order. 

If  the  perfon  who  ufes  this  machine  places  it  at  his 
right  hand  fide,  holding  the  axle  loofely  in  his  hands, 
and  walks  forward,  the  wheel  will  revolve,  and  the  nut 
advance  from  the  extremity  of  the  rod  towards  the  nave 
of  the  wheel.  When  two  miles  have  been  meafured,  it 
will  have  come  dole  to  the  wheel.  But  to  continue 
th  is  meafurement,  nothing  more  is  neceffary  than  to 
place  the  wheel  at  the  left  hand  of  the  operator  ; and 
the  nut  will,  as  he  continues  the  courfe,  recede  from 
the  axletree,  till  another  fpace  of  two  miles  is  mea- 
fured. 

It  appears  from  the  conftrutllon  of  this  machine, 
that  it  operates  like  circular  compaffes  ; and  doe^  not, 
like  the  common  wheel  Way-wifer,  meafurethe  furfacc 
©f  every  fione  and  molehill,  &c,  but  pafles  over  moft  of 


the  obfiacles  k meets  with,  and  meafures  the  chords 
only,  infiead  of  the  arcs  of  any  curved  furfaces  upon 
which  it  rolls. 

W^EATHER,  denotes  the  ftate  or  difpofition  of  the 
atmofphere,  with  regard  to  heat  and  cold,  drought  and 
moifiure,  fair  or  foul,  wind,  rain,  hail,  froft,  fnow, 
fog,  &c.  See  Atmosphere,  Hail,  Heat,  Frost, 
Rain,  d:c. 

d'here  does  not  feem  in  all  philofophy  any  thing  of 
more  immediate  concernment  to  us,  than  the  ftate  of 
the  Weather  ; as  it  is  in,  and  by  means  of  the  atmo- 
fphere, that  all  plants  arc  nourifhed,  and  all  animals 
live  and  breathe  ; and  as  any  alterations  in  the  denfity, 
hcat,^  purity,  &c,  of  that,  mu  ft  neceftarily  be  attend- 
ed with  proportionable  ones  in  the  ftate  of  theie. 

The  great,  but  regular  alterations,  a little  change; 
of  Weather  makes  in  many  parts  of  inanimate  matter, 
every  perfon  knows,  in  the  common  inftance  of  baro- 
meters, thermometers,  hygrom.eters,  &c  ; and  it  is- 
ovving  partly  to  our  inattention,  and' partly  to  our  un- 
equal and  intemperate  courfe  of  life,  that  we  alfo,  like 
many  other  animals,  do  feel  as  great  and  as  regular 
ones  in  the  tubes,  chords,  and  fibres  of  our  own  bo- 
dies. 

To  eftabllih  a proper  theory  of  the  Weather,  it. 
would  be  neceffary  to  have  regifters  carefully  kept  in  di- 
vers parts  of  the  globe,  for  a long  feries  of*  years  ; 
from  whence  we  might  be  enabled  to  determine  the  di- 
rections, breadth,  and  bounds  of  the  winds,  and  of  the 
weather  they  bring  with  them  ; with  the  correfpondence 
between  the  Weather  of  divers  places,  and  the  differ- 
ence between  one  fort  and  another  at  the  fame  place. 
We  might  thus  in  time  learn  to  foretell  many  great 
emergencies  ; as,  extraordinary  heats,  rains,  frofts,  . 
droughts,  dearths,  and  even  plagues,  and  other  epide- 
mical difeafes,  &c. 

It  is  however  but  very  few,  and  partial  regifters  or 
accounts  of  the  V/eather,  that  have  been  kept.  The 
Royal  Society,  the  French  Academy,,  and  a few  par- 
ticular philolophers,  have  at  times  kept  fuch  regifters  • 
as  their  fancies  have  didated,  but  at  no  time  a regular 
and  correfpondent  feries  in  many  different  places,  at  the 
fame  time,  followed  with  particular  comparifons  and 
deduflions  from  the  vvliole,  fee.  The  moft  of  what  ■ 
lias  been  done  in  this  way,  is  as  follows  : The  volumes 
of  the  Phllofophical  Tra^nfadfions  from  year  to  year  5. 
the  fame,  for  inftrudions  and  examples  pertaining  to 
the  fuhjedl,  vol.  65,  part  2,  art.  16;  Eraf.  Bartliolin 
lias  obfervations  of  the  Weather  for  every  day  in  the 
year  1671  : Mr.  W.  Merle  made  the  like  at  Oxford,  , 
for  7 years  ; Dr.  Plot  did  the  fame  at  the  fame  place, 
for  the  year  1684  : Mr.  Hiilier,  at  Cape  Gorfe,  for  the 
years  1686  and  1687  • Hunt  and  others  at 

Grefham  College,  for  the  years  1695  and  1696;  Dr. 
Derham  at  Upminfter  in  Eflex,  for  the  years  1691, 
1692,  1697,.  1698,  1699,  003)  1704)  '705:  Mr. 
Tov/nley,  in  Lancafiiire,  in  1697,  1698  ; Mr.  Cun- 
ningham, at  Emin  in  China,  for  the  years  1698,  1699,  ■ 
1700,  1701  ; Mr.  Locke,  at  Oats  in  Effex,  1692; 
Dr.  Scheuchzer,  at  Zurich,  1708  ; and  Dr.  Tilly,"  at 
Pifa,  the  fame  year:  Profeffor  Toaldo,  at  Padua,  for 
many  years  ; Mr.  T.  Barker,  at  Lyndon,  in  Riutand, 
for  many  years  in  the  Philof.  Tranf.  ; Mr.  Dalton  for 
Kendal,  and  Mr.  Crofihwaite  for  Kefwic.k,  in  the  years 


W E A 


W E A 


[ 

17^9,  1790,  179T,  'I792,  &c ; and  feveral 
oihers.  The  regiller  now  kept,  for  many  years,  in 
the  Phllof.  Tranf.  contains  an  account,  two  times 
every  day,  of  the  thermometer,  barometer,  hygro*  , 
meter,  quantity  of  rain,  diredion  and  (Irength  of  the 
wind,  and  appearance  of  the  atmofphcre,  as  to  fair, 
cloudy,  foggy,  rainy,  &c.  And  if  fimdar  regiflers 
were  kept  in  many  other  parts  of  the  globe,  and  print* 
ed  in  fuchdike  public  Tranfaflions,  they  might  readily 
be  confuited,  and  a proper  ufe  made  of  them,  for 
eibiblifning  this  fcience  on  the  true  bafis  of  experiment. 

From  many  experiments,  fome  general  obfervatlons 
have  been  made,  asfollow:  That  b^irometers  generally  rife 
and  fall  together,  even  at  very  diilant  places,  and  a 
confequent  conformity  and  fiinliarity  of  Weather  ; but 
this  is  the  more  uniformly  fo,  as  the  places  are  nearer 
together,  as  might  be  expedied.  That  the  variations  of 
the  barometer  are  greater,  as -the  places  are  nearer  the 
pole  ; thus,  for  inftance,  the  mercury  at  London  has  a 
greater  range  by  2 or  3 lines  than  at  Paris-;  and  at 
.Paris,  a greater  than  at  Zurich;  and  at  fome  places 
near  the  equator,  there  is  fcarce  any  variation  at  all. 
That  the  rain  in  Switzerland  and  Italy  is  much  greater 
in  quantity,  for  the  whole  year,  than  in  Eifex  ; and 
yet  the  rains  are  more  frequent,  or  there  are  more  rainy 
days,  in  ElTex,  than  at  either  of  thofe  places.  That 
cold  contributes  greatly  to  rain  ; and  this  apparently 
by  condenfing  the  fufpended  vapours,  and  fo  making 
^tkera  defeend  : thus,  very  cold  months,  or  feafons,  are 
coinmonlv  followed  immediately  by  very  rainy  ones  ; 
and  cold  fummers  are  always  wet  ones.  That  high 
ridges  of  mountains,  as  the  Alps,  and  the  fnovvs  with 
which  they  are  covered,  not  only  affedt  the  neighbour- 
ing places  by  the  colds,  rains,  vapours,  &c,  which  they 
produce  ; but  even  diflant  countries,  as  England,  often 
-partake  of  their  effedts.  See  a colledtion  of  Ingeni- 
ous and  meteorological  obfervations  and  conjedtures, 
by  Dr.  Franklin,  in  his  Experiments,  &;c,  pa.  182, 
See.  Alfo  a Meteorological  Regifter  kept  at  Mansfield 
Woodhoufc,  from  1784  to  1794,  Nottingham  1795', 
8vo  ; and  Kirwin’s  ingenious  papers  on  this  fubjeht  in 
• the  Trankidtlons  of  the  Irifh  Academy,  vol.  5.  See  alfo 
the  articles  Evaporation,  Rain,  and  Wind. 

Other  Prognojiics  and  Qhf creations ^ are  as  follow  ; 

That  a thick  dark  ilcy,  lading  for  fome  time,  without 
cither  fun  or  rain,  always  becomes  firft  fair,  and  then 
foul,  i.  e.  It  changes  to  a fair  clear  flcy,  before  It  turns 
to  rain.  And  the  reafon  is  obvious : the  atmofphere 
is  replete  with  vapours  which,  though  fufficient  to  re* 
^edt  and  intercept  the  fun’s  rays  from  us,  yet  want 
denfity  to  defeend  .;  and  while  the  vapours  continue  in 
the  fame  date,  the  Weather  will  do  fo  too : according- 
;ly,  fuch  Weather  is/jommonly  attended  with  moderate 
warmth,  and  with  little  or  no  wind  to  difturb  the  va- 
pours, and  a heavy  atmofphere  to  fudain  them  ; the 
barometer  being  commonly  high  ; but  when  the  cold 
approaches,  and  by  condenfing  the  vapours  drives 
them  into  clouds  or  drops,  then  way  is  made  for 
the  fun  bearn.s  ; till  the  fame  vapours,  by  farther 
condenfation,  be  formed  into  rain,  and  fall  down  in 
drops. 

That  a change  In  the  warmth  of  the  Weather  is 
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followed  by  a change  in  the  wind.  Thus,  the  norther* 
ly  arid  foutherly  winds,  though  commonly  accounted 
the  caufes  of  cold  and  warm  Weather,  are  really  the 
e^'eds  of  the  cold  or  warmth  of  the  atmofphere  ; of 
which  Dr.  Dcrham  adures  us  he  had  fo  many  con* 

■ drrnations,  that  he  makes  no  doubt  of  It.  Thus,  it 
is  common  to  fee  a warm  foutherly  wind  fnddenly 
changed  to  the  north,  by  the  fall  of  fnow  or  hail ; or 
to  fee  the  wind,  in  a cold  frody  morning,  north,  when 
the  fun  has  well  warmed  the  air,  wheel  towards  the 
fouth  ; and  again  turn  northerly  or  eaderly  In  the  cold 
evening. 

That  mod  vegetables  expand  their  flowers  and  down 
ill  funfhiny  Weather:  and  towards  the  evening,  and 
againd  rain,  cloie  them  again  ; efpeclally  at  the  begin* 
ning  of  their  flowering,  when  their  feeds  are  tender 
and  fenfible.  This  Is  vifible  enough  in  the  down  of 
Dandelion,  and  other  downs  ; and  eminently  fo  in  the 
flowers  of  pimpernel ; the  opening  and  diutting  of 
which  make  what  Is  called  the  countryman’s  IVeaiher- 
nvifer,  by  which  he  foretels  the  Weather  of  the  follow- 
ing day.  The  rule  is,  wlien  the  flowers  are  clofe  diut 
up,  it  betokens  rain,  and  foul  Weather  ; but  wEen 
they  are  fpread  abroad,  fair  Weather. 

The  dalk  of  trefoil,  lord  Bacon  obferves,  fwells 
againd  rain,  and  grows  more  upright : and  the  like 
may  be  obferved,  though  lefs  fenfibly,  in  the  dalks  of 
mod  other  plants.  He  adds,  that  in  the  dubbie  fields 
there  is  found  a imall  red  dower,  called  by  the  country 
people  pimpernel,  which  opening  in  a morning,  is  a 
fure  Indication  of  a fine  day. 

It  Is  very  conceivable  that  vegetables  fhould  be  afFedl- 
ed  by  the  fame  caufes  as  the  Weather,  as  they  may  be 
confidered  as  fo  many  hygrometers  and  thermometers* 
confiding  of  an  infinite  number  of  tracheae,  orair-vedels  ; 
by  which  they  have  an  immediate  communication  with 
the  air,  and  partake  of  its  moidure,  heat,  &c. 

Hence  It  Is,  that  all  wood,  even  the  harded  and  mod 
folld,  fwells  in  mold  Weather  ; the  vapours  eafily  infi- 
nuating  Into  the  pores,  efpecially  of  the  lighter  and 
drier  kinds.  And  hence  is  derived  a very  extraordinary 
ufe  of  wood,  viz,  for  breaking  rocks  or  mildones. 
The  method  at  the  quarries  Is  this:  Having  cut  a rock 
into  the  form  of  a cylinder,  the  workmen  divide  It  Into 
feveral  thinner  cylinders,  of  horizontal  courfes,  by 
making  holes  at  proper  didances  round  the  great  one'; 
into  thefe  holes  they  drive  pieces  of  fallow  wood,  dried 
in  an  oven;  thefe  in  mold  Weather,  imbibing  the  hu- 
midity from  the  air,  fwell,  and  adting  like  wedges  they- 
break  or  cleave  the  rock  into  feveral  flat  dones.  And, 
in  like  manner,  to  feparate  large  blocks  of  done  in  the 
quarry,  they  wedge  fuch  pieces  of  wood  into  holes, 
forming  the  block  into  the  intended  fhape,  and  then 
pour  water  upon  the  wedges,  to  produce  the  edecf 
nlore  Immediately. 

We  ather-G/(^t,  are  indruments  contrived  to  fhew 
the  date  of  the  atmofphere,  as  to  heat,  cold,  moidure, 
weight,  &c  ; and  fo  to  meafure  the  changes  that  take 
place  in  thofe  refpecds ; by  which  means  wc  are  enabled 
to  predidl  the  alteration  of  Weather,  as  to  rain,  wind> 
frod-,  &c. 

Under  the  clafs  of  Weather^ glafies,  are  comprehended 
barometers,  thermometers,  hygrometers,  manomeftrs, 
and  anemometers. 
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WEDGE,  in  Geometry,  .'s  a foHd  having  a reaan- 
^Tilar  bale,  and  two  of  Its  oppo- 

fite  fides  ending  in  an  acies  or 
edge.  Thus,  A,B  is  the  redlan-- 
gular  bafe  ; and  DC  the  edge  ; a 
per^ndicular  CE,  from  the  edge 
to  the  bafe,  is  the  height  of  the 
AVedge.  When  the  length  of  the 
edge  DC  is  equal  to  the  length 
of  the  bafe  BF,  which  is  the  n^olf 
ODmmon  form  of  it,  the  Wedge 
is  equal  to  half  a redangular  prlfm 
of  - - - 
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WED 


the  principle  from  wiience  the  Wedge  derives  fi. 
power.  Ariftotle  confident  it  a,  two  Jevtrs  of  the  fir  ft 
Jtind,  inclined  towards  each  other,  and  aaino  opoofite 
wavs.  Guide  Ubaldi,  Meifenne,  &c,  will  Eavrthem 


ways. 


lefs  than 
But, 


the  fame  bafe  AB  and  height 
EC  ; or  it  IS  then  a whole  trian- 
gular prifm,  having  the  triangle 
33CG  for  its  bafe,  and  AG  or 
3^^ Its  height.  If  the  edge  be  more  or 
AGj  its  folid  content  will  be  more  or  iefs.  i^ut  in 

^1  cafes  of  the  Wedge,  the  following  is  a general  rule 
ior  hndmg  the  content  of  it,  viz, 

, To  twice  the  length  of  the  bafe  add  the  length  of 
t-he  edge,  multiply  the  fum  by  the  breadth  of  the  bafe 
and  the  produdt  by  the  height  of  the  AVedge* 
td'.en  I of  th^ft  producl  will  be  the  folid  content.  ’ 

That  is,  2 AG  + lX"x  AF  X ^ EC  = the  con- 
tent. bee  this  rule  demonftrated,  and  illuftrated 
with  examples,  in  my  Menfuration,  p,  ini,  2d  edition 

AV'edge,  in  Mechanics,  one  of  the  five  mechanicaP 
powers,  or  fimple  engines;  being  a geometrical 
^ edge,  or  very  acute  triangular  prifm,  applied  to  the 
fplitting  of  wood,  or  rocks,  or  raifing  great,  weights. 

The  AA^edge  is  made  of  iron,  or  fome  other  hard 
matter,  and  applied  to  the  raifing  of  vaft  v^’-eights,  or 
feparatmg  large  or  very  firm  blocks  of  wood  or  done 
by  introducing  the  thin  edge  of  the  Wedge,  and  driving 

)t  in  by  blows  llruck  upon  the  back,  by  hammers  or  mal- 
lets. 

The  AVedge  is  the  mofi  powerful  of  all  the  fimple 
machines,  having  an  almoft  unlimited  and  double  ad- 
vantage  over  all  the  other  fimple  mechanical  powers; 
both  as  it  may  be  made  vafily  thin,  in.  proportion  to  its 
lieight  in  which  confifis  its  own  natural  power  ; and. 
as  it  is  urged  by  the  force  of  percufiioa,  or  of  fmart 
blows,,  whi^di  is  a force  incomparably  greater  than  any 
mere  dead  weight  or  preffure,  fuch  as  is  employed 
upon  other  machines.  And  accordingly  we  find  it 
produces  effeas  vafily  fuperior  to  thofe  of  any  other 
power  whatever  ; fuch  as  the  fplitting  and  raifing  the 
iargefi:  and  hardeft  rocks  ; or  even  the  raifing  and  lift- 
ingthe  largeft  fiiip,  by  driving  a Wedge  below  it  ; 
which  a man  can  do  by  the  blow  of  a mallet:  and  thus 
I the  fmall  blow  of  a hammer,  on  the  back  of  a Wedge, 
appears  to  be  incomparably  greater  than  any  mere 
preifure,  and  w'ill  overcome  it. 

To  the  Wedge  may  be  referred  all  edge-tools,  and 
tools  that  have  a fharp  point,  in  order  to  cut,  cleave, 

• fiit,  fplit,  chop,  pierce,  bore,  or  the  like;  as  knives,’ 
hatcliets,  iwords,  bodkins,  See. 

In  the  Wedge,  the  fridion  againfi  the  fides  is 
very  great,  at  leaft  equal  to  the  force  to  be  over- 
come ; becaufe  the  Wedge  retains  any  pofition  to 
which  it  is  driven  and  therefore  the  refifiance  is  at 
ACaft  doubled  by  the  fridtion. 

Authors  liave  been  of  various  opinions  concerninf^" 


4.^  1 1 r 1 ^ wui  iidvc  inerii 

, yiat  the  Weoge  cannot  be  reduced  to  any  lever  at  all 
Others  refer  the  Wedge  to  the  inclined  ’plane.  And 
others  again,  with  De  Stair,  will  hardly  allow  the 
Hedge  to  have  any  force  at  all  in  itfelf;  aferibing  much 
the  greatell  part  to  the  mallet  which  drives  it 

1 he  doarine  of  the  force  of  the  Wedge,  according 
to  lome  writers,  is  contained  in  this  prop, rfition  ; “ If 
.a  powerdirecaiy  applied  to  the  head  ofa  Wedne,  be  to 
ne  iefiftanceto  be  overcome,  as  the  breadth  of  the 
back  GB,  IS  to  the  height  EC  ; then  the  power  will 

be  equal  to  the  rcldlance  ; and  if  incieafc^  it  will 
overcome  ' 

has  proved  that,  when  the  rofiflance  • 
adtb  pcrpenaicularly  againfi  the  fides  of  the  Wedo-e  the 
power  IS  to  the  whole  refifiance,  as  the  tbicknefs'^of  the 
back  IS  to  the  length  of  both  the  fides  taken  together. 
Am  the. lame  proportion  is  adopted  by  Wallis  (Op.. 
Math,  vcy  1 p.  1016),  Keill  (Intr.  ad  Ver.  PliyfA 

ail' the  I. cap.  14),  and  Lyalmoit 

ail  the  modern  mathematicians.  Gravefande  indeed  dif- 

yles,  one  in  which  the  parts  of  a block  of  wood,  &c 
..re  eparated  fai  tlier  than  the  edge  has  penetrated  to' 
and  the  other, n which  they  have  not  fqianited  farther  : 
y his  Scholium  de  Ligiio  iindcndo  (ubi  fupra),  he  ob- 
ferves,  that  when  the  parts  of  the  wood  are  feparated 

/ equilibrium  will  be  when  the 

force  by  which  It  is  piilhcd  in,  is  to  the  refifiance  of  rh- 
wood,  as  the  line  DE  drawn  from 
the  middle  of  the  bafe  to  the  fide 
of  the  Wedge  but  perpendicular 
to  the  feparated  fide  of  the  wood 
continued  FG,  is  to  the  hciVht  of 
the  Wedge  IX: ; but  when  the 
parts  of  the  wood  are  feparated  no 
farther  than  ^ the  Wedge  is  driven 
in,  the  equilibrium  will  be,  when 
the  power  is  to  the  lefifiance,  as 
the  hah  bafe  AD,  is  to  its  fide  AC. 

Mr.  Fergufon,  in  efiimating  the 
proportion  of  equilibrium  In  the  two  cafes  laft  mention- 
ed  by  Giavcfande,  agrees  with  this  amhor,  and  other 
modern  philolophcTS,  in  the  latter  cafe-  but  in  tfe 
former  he  contends,  that  when  the  wood  cleaves  to 

tbL  ‘ih’  generallv  does, 

then  toe  power  impelhng  the  Wedge,  will  be  'to  th- 

refifiance  of  the  wood,  as  half  its  thicknefs  is  to  the 

length  of  cither  fide  of  the  cleft,  eltiinated  from 

uhn  h 1"^,  foppofing  the- 

ckft  ^tl'°  " ‘o  bottom  of  the 

410.  Se^e"amr 
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™h-'’  P-  '°7;  andLudlanf 

on  t ic  Power  ol  the  Wedge,  printed  in  lyyo  ; &c. 

-n  t iT  acuaiowlcdged  property  of  the  Wedpe, 

cmd  the  fimplefi  way  of  demonfirating  it,  feem  to  ^be 
the  following:  When  a Wedge  is  kept  in  eouilibrio 
t e power  acting  againfi  the  back,  is  to  the  force  a6b'n<x 

^repsii.- 
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Pevnendlcu!.  riy  agaln^  A r^fr^C^ 

t'le  back  AB,  is  to  the  length  ot  the  fide  AC  or  bC. 
—Demonllra.  For  any  three  lovees  which  fufiain  one 
another  in  equilibvio,  are  as  the  correfpoiiding  fides  of 
rtriancile  that  are  drawn  perpendicular  to  the  direa.ons 
hi  whkh  the  forces  a^l.  But  AB  is  P^P^^d.cular  to 
the  force  aajng  on  the  back,  to  dnve  the  Wedge  for- 
ward ; and  the  lidt'S  AC  anc  I)-  aie 


re  perpendicular 

to  tlie’  forces  acking  upon  them  ; therefore  the  three 

foires  al'C  as  the  faid  lines  AB,  AC,^  BU. 

Hence,  the  thinner  a Wedge  is,  the  greater  is 
its  ehea,  in  Iplittlng  any  body,  or  m overcoming  any 

refi dance  agaliili  the  fide  oF  the  \\  edge. 

. WEDNEvSDAY,  the  4th  day  of  the  week,  formei- 
ly  coiifec'ated  by  the  inhabitants  of  the 
• ions  to  Woden  or  Oden  ; who,  being  reputed  the 
-lutlior  of  ma-iric  and  inventor  of  ali  the  arts,  was  thought 
to  anfwer  to°the  Mercury  of  the  Greeks  and 
in  honour  of  whom  the  iame  day  was  by  them  called 
dies  Mercurii ; and  hence  it  is  denoted  by  allronomers 

by  the  charaaer  of  Mercury  !<  . 

WEEK,  a divifion  of  time  that  comprifes  icven  days. 
The  origin  of  this  divifion  of  Weeks,  or  of  ceiiii- 
puting  time  by  fevenths,  is  mud,  controverted.  It  has 
often  been  thought  to  have  taleeii  its  rife  flora  4 
four  quarters  or  intervals  of  the  moon,  between  her 
-diano-es  of  phafes,  wliidi,  being  about  7 days  diflant, 
gave°occafion  to  the  divifion  : but  others  more  pro- 

babiy  from  the  feven  planets.  _ • i - 

Be  this  however  as  it  may,  tne  divifion  is  certainly 

very  ancient.  The  Syrians,  Egyptians,  and  mofi  of 
tiie’^  oriental  nations,  appear  to  have  ufed  it  from  the 
earfiefi  ages  : though  it  did  not  get  footing  in  the  well 
'till  bvoufht  in  bv  chriftiaiiity.  The  Romans  reckoned 
their  dah  not  by  fevenths,  but  by  ninths  ; and  the 
ancient  Greeks  by  decads,  or  tenths ; m imitation 
of  which  the  new  French  calendar  feems  to  have 

^'^Thriews' divided  their  time  by  Weeks,  of  7 days 

each,  as  prefcribedbythelawof  M^es ; in^Eich  they 

weE  apphnted  to  work  6 days,  and  to  red  the  7th,  m 
.commemoration  of  the  creation,  which  being  effeded 
ill  6 days,  God  refted  on  the  7th. 

Some  authors  will  even  have  the  ufe  o.  Weeks, 
amone  the  other  eahern  nations,  to  have  proceeded 
from  the  Tews ; but  with  little  appearance  of  proba- 
Eility  E is  vvith  better  reafon  that  others  fuppoie 
the  uFe  of  Weeks,  among  the  eaftern  nations,  to  be  a 
remnant  of  the  tradition  of  the  creation,  which  they 
had  ilill  retained  with  divers  others,  or  elle  riom  tii€ 

number  of  the  planets..  ct,_ 

The  Tews  denominated  the  days  of  the  Week,  the 

hrfl,  fecond,  third,  fourth,  and  ^ ^ 

day  they  named  the  preparation  of  tne  fabbath  or  7th 
day,  which  anfwered  to  our  Saturday.  And  t le  1 e 
ineEiod  is  ftill  kept  up  by  the  chnlban  Arabs,  Peifians, 

Et^opiano,^i&^c  the  days  of 

the  Week  from  the  feven  planets  ;•  which  names  are 
ftill  moftly  retained  among  the  cluiftians  ot  the 
weif*  thus,  the  firftday  dies  fohs,  fun- day  , 

the  2a  dies  lima,  moon-day  ; &c  ; a prailitice  the  more 
natural  on  Dion’s  principle,  that  the  Egyptians  took 

the  divifion  ot  the  Week  itfelf  from  the  feven  planets. 


In  fadT,  tbe  true  reafon  for  tlicfe  denominations  feems 
to  be  founded  in  aftrology.  For  the  aftrologers  diE 
tributing  the  government  and  diredlion  of  all  the  hours  in 
the  Week  among  the  feven  planets,  E 4 O $ ^ » 

fo  as  that  the  government  of  the  lirft  hour  of  the  hrit 
day  fell  to  Saturn,  that  of  the  fecond  day  to  Jupiter,  &c, 
they  gave  each  day  the  name  of  the  planet  which,  ac- 
cording to  their  dodlrine,  prefided  over  the  lirft  hour 
of  It,  and  that  according  to  the  order  above  dated.  ^ So 
that  the  order  of  the  planets  in  the  Week,  bears  little 
relation  to  that  in  which  they  follow  in  the  heavens  % 
the  former  being  founded  on  an  imaginary  power  each 
planet  has,  in  its  turn,  on  the  firft  hour  of  each  day. 

Dion  Caflius  gives  another  reafon  for  the  denomma- 
tion,  drawn  from  the  celeftial  harmony.  For  it  being 
obferved,  that  the  harmony  of  the  diateffaron,  which 
confifts  in  the  ratio  of  4 to  3,  is  of  great  force  and 
effedf  in  miific  ; it  was  judged  meet  to  proceed  direidly 
from  Saturn  to  the  Sun  ; becaufe,  according  to  the 
old  fyftem,  there  are  three  planets  between  Saturn  and 
the  Sun,  and  4 from  the  Sun  to  the  Moon. 

Our  Saxon  anceftors,  before  their  converfion  to 
Chriftianity,  named  the  feven  days  of  the  Week  from 
the  Sun  and  Moon  and  fome  of  their  deihed  heroes,  to 
whom  they  were  peculiarly  confecrated,  and  repreltni- 
inn-  the  ancient  gods  or  planets  ; which  names  we  re- 
ceived and  ftill  retain  1 Thus,  Sunday  was  d^evoted  to  the 
Sun ; Monday  to  the  Moon ; Tuefday  to  Tuiico;  WeA 
nefday  to  Woden  ; Thurfday  to  Thor,  the  thunderer ; 
Friday  to  Friga  or  Friya  or  Frssa,  the  wife  of  Thor; 
and  Saturday  to  Seater.  And  nearly  according  to  tins 
order,  the  modern  aftronomers  exprefs  the  days  ot  the 
Week  by  the  feven  planets  as  below  j 

O Sunday 
^ Monday 
^ T uefday 
^ ■ Wednesday 
2|:  Thurfday 
5 Friday 
Saturday. 


In  the  fame  order  and  number  alfo  do  thefe  obtalft 
in  the  Hindoo  days  of  the  Week.  See  Kinderfley’s 
Specimens  of  Hindoo  Literature,  juft  publiflied,  8vo* 
WEIGH,  Way,  or  Wey,  a weight  of  cheefe,  wool, 
&c,  containing  256  pounds  avoirdupois.  Of  corn, 
the  Weigh  contains  40  budiels  ; of  barley  or  malt,  6 

quarters.  . f.  r • 

WEIGHT,  or  Gravity^  in  Phyfics,  a quality  m 

natural  bodies,  by  which  they  tend  downwards  toward 
the  centre  of  the  earth.  See  Gravity. 

Weierht,  like  gravity  , may  be  diftinguinied  into  ab^ 

foluie,  fpeclfic,  and  relative,  ^ m f IT 

Newton  deraonft rates,  i.  That  tne  Weights  of  all 
bodies,  at  equal  diftances  from  the  centre  of  the  earth, 
are  diredly  proportional  to  the  quantities  of  matter  that 
■each  contains  ; Whence  it  follows,  that  the  Weights  ot 
bodies  have  no  dependence  on  their  lliapes  or  textures  } 
and  that  all  fpaces  are  not  equally  full  of  matter.  _ 

2.  On  different  parts  of  theearthT  furface,  the  Weignt 
of  the  fame  body  is  different ; owing  to  the  fpheu-oidal 
figure  of  the  earth,  which  caufes  the  body  on  the  iur- 
face  to  be  nearer  the  centre  in  going  from  the^  equator 

toward  the  poles*;  and  the  increafe  in  the  M eight  i* 
^ Btarly 
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nearly  in  proportion  to  the  verfed  fine  of  double  the  la- 
titude ; or,  which  is  the  fame  thinpf,  to  the  fquare  of 
the  right  fine  of  the  latitude  : the  Weight  at  the  equa- 
tor to  that  at  the  pole,  being  as  229  to  250  ; or  the 
whole  increafe  of  Weight  from  the  equator  to  the  pole, 
is  the  229th  part  of  the  former. 

3.  That  the  Weights  of  the  fame  body,  at  different 
diftances  above  the  earth,  are  inverfely  as  the  fquares 
of  the  dillances  from  the  centre.  So  that,  a body  at 
the  didance  of  the  moon,  which  is  60  femidiamcters 
from  the  earth’s  centre,  would  weigh  only  the  3600th 
part  of  what  it  weighs  at  the  earth’s  fur  face. 

4.  That  at  different  dillances  within  the  earth,  or 
below  the  Turface,  the  weights  of  the  fame  body  are 
directly  as  the  dillances  from  the  earth’s  centre  : fo 
that,  at  half  way  toward  the  centre,  a body  would 
weigh  but  half  as  much,  and  at  the  very  centre  it  would 
be  no  Weight  at  all. 

5.  A body  immerfed  in  a fluid,  which  is  fpecifically 
lighter  than  itfelf,  lofes  fo  much  of  its  Weight,  as  is 
equal  to  the  Weight  of  a quantity  of  the  fluid  of  the 
fame  bulk  with  itfelf.  Hence,  a body  lofcs  more  of 
its  weight  in  a heavier  fluid  than  in  a lighter  one  ; and 
therefore  it  weighs  more  in  a lighter  fluid  than  in  a 
heavier  one. 

The  Weight  of  a cubic  foot  of  pure  water,  is  1000 
ounces,  or  62^  pounds,  avoirdupois.  And  the  AVeighrs 
of  the  cubic  foot  of  other  bodies,  are  ciS  fet  down  under 
die  article  Speclfi-:  Gravity. 

In  the  Phllof.  Tranf.  (number  458,  p.  457  Stc)  is 
contained  feme  account  of  the  analogy  between  Englilh 
Weights  and  meafurcs,  by  Mr.  Barlow.  He  Hates, 
that  anciently  the  cubic  foot  of  water  was  aflumed  as 
a general  ftandard  for  liquids.  This  cubic  foot,  of 
62^  lb,  multiplied  by  32,  gives  2Coo,  the  weight  of  a 
ton  : and  hence  8 cubic  feet  of  water  made  a hogfliead, 
and  4 hogfheads  a tun,  or  ton,  in  capacity  and  deno- 
mination, as  w'ell  as  Vv^eight.  - 

Dry  meafures  were  raifed  on  the  fame  model.  A 
bufliel  of  wheat,  aflunred  as  a general  llandard  for  all 
forts  of  grain,  alfo  weighed  62-iIb.  Eight  of  tlicfe  buflicls 
make  a quarter,  and  4 quarters,  or  32  bulhels,  a ton 
Weight.  Coals  were  fold  by  the  chaldron,  fuppofed  to 
weigh  a ton,  or  2OCO  pounds;  though  in  reality  it  weighs 
perhaps  up  wauls  of  pounds. 

Hence  a ton  in  Weight  is  the  common  flandard  for 
liquids,  wheat,  and  coals.  Had  this  analogy  been 
adhered  to,  the  confufion  now  complained  of  w'ould 
have  been  avoided. — It  may  reafonably  be  fuppofed 
that  corH  and  other  commodities,  both  dry  and  liquid, 
were  flrll  fold  by  Weight ; and  that  mealures,  for  con- 
venience, were  afterwards  introduced,  as  bearing  fome 
analogy  to  the  Weights  before  ufed. 

Weight,  Pondusj  in  Mechanics,  denotes  any  thing 
lobe  raifed,  fuflained,  or  moved  by  a machine  ; or  any 
thing  that  in  any  manner  refills  the  motion  to  be  pro- 
duced. 

In  all  machines,  there  is  a natural  and  fixed  ratio 
between  the  Weight  and  tlie  moving  power  ; and  if 
they  be  fuch  as  to  balance  each  other  in  equilibri ai  d 
then  the  machine  be  put  in  motion  by  any  oilier  force  ; 
the  Weight  and  power  will  always  be  reciprocally  as 
the  velocities  of  them,  or  of  their  centres  of  gravity  ■; 
or  their  momentums  v.dll  be  equal,  that  is,  tiie  pro- 
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diidl  of  the  Weight  multiplied  by  its  velocity,  will 
be  equal  to  the  produCl  of  the  power  multiplied  by 
its  velocity. 

Weight,  in  Commerce,  denotes  a body  of  a known 
Weight,  appointed  to  be  put  into  a balance  againH 
other  bodies,  whofe  Weight  is  required  to  be  known. 
Thefe  Weights  are  ufually  of  lead,  iron,  orbrafs;  though 
in  feveral  parts  of  the  Kali  Indies  common  flints  are  ufed  ; 
and  in  fome  places  a fort  of  little  beans. 

The  diverfty  of  Weights,  in  all  nations,  and  at  all 
times,  makes  one  of  the  mofl;  perplexing  circirmflances 
in  commerce,  dec.  And  it  would  be  a very  great 
convenience  if  all  nations  could  agree  upon  a univerlal 
flandard,  and  fyflein,  both  of  Weights  and  meafures. 

Weights  may  be  diftinguiflied  mto  ancient  innA  mo'< 
derrij  foreign  and  (tomfilc," 

Modern  Weights,  ufed  In  the  feveral  parts  of  Europe^ 

and  the  Levant. 

Engllflo  Weights.  By  the  27th  chapter  of  Magna 
Charta,  the  Weights  are  to  be  the  fame  all  over  Eng- 
land : Init  for  different  commodities  there  are  two  dif- 
ferent lorts,  viz,  troy  iVLdghty  and  averdvpcls  Weight. 

7'he  origin  from  which  both  of  thefe  are  raifed,  is 
the  grain  of  wheat,  gathered  in  the  miiddle  of  tlic  car  ; 
32  of  thefe,  v;ell  dried,  made  one  pennyweight, 

20  penny weiglits one  ounce,  and 

12  ounces  one  pound  tioy  ; 

by  Stat,  51  Men.  Ill  ; 31  Edw.  I ; 12  Henry  VII. 

A-  learned  wiltcr  has  fliewn  that,  by  the  laws  of 
aflize,  from  William  the  Conqueror  to  the  reign  of 
Henry  VI I,  the  legal  pound  Weight  contained  a 
pound  of  J2  ounces,  raifed  from  32  grains  of  wheat  ; 
and  the  legal  gallon  mcafiire  contained  8 of  tliofe  pounds 
of  wdieat,  8 gallons  making  the  bufliei,  and  S bufhels 
the  quarter. 

Henry  altered  the  old  Englilh  Weight,  and 

introduced  the  troy  pound  in  its  flead,  being  3 quaiters 
of  ail  ounce  only  heavier  than  tlm  old  Saxon  pound,  or 
I - 1 6tli  lieavier.  ddie  flril  flatute  that  diredls  the  life 
of  the  averdupois  Weight,  is  that  of  24  Henry  VIH  ; 
and  the  paiticular  ufe  to  which  this  Weight  Is  thus 
dirccled,  is  Amply  for  weighing  hutclier’s  meat  In  the 
market  ; though  it  is  now  ufed  for  w'cighing  all  forts 
of  coarfe  and  large  ai  tides.  This  pound  contains  7000 
troy  grains  ; while  the  troy  pound  itfelf  contains  only’ 
5760  grains,  and  the  old  Saxon  pound  Weight  but 
5400  grains.  Bhilol.  Trani.  vol.  63,  art.  3. 

Hence  there  arc  now  in  common  ufe  in  England, 
tw’o  different  Weights,  viz,  troy  "Weight,  and  aver- 
dupois Weight,  the  former  being  ein))loyed  in  weighing 
fuch  fine  aiticles  as  jewels,  gold,  filver,  Aik,  liquors, 
&c  ; and  .he  latter  for  coarfe  and  heavy  articles,  as 
bread,  corn,  fiefli,  butter,  chetfe,  tallow,  pitch,  tar. 
Iron,  copper,  tin,  &c.  and  all  grocery  wares.  And  Mr. 
Ward  fuppofes  that  It  was  brought  into  ufe  from  this 
circumflaiice,  viz,  ns  it  v.'ns  cufloinary  to  allow  larger 
AVtight,  of  fucli  c'oarfe  at  tides,  than  the  law  had  cx- 
prefsly  enjoined,  and  this  he  obferves  happened  to  be  a 
6th  part  mor'e.  Apothecaries  buy  their  drugs  by  aver- 
dupois Weight,  but  they  compound  them  by  troy 
AVelghr,  though  under  forne  little  variation  of  name 
and  elivIAons. 

4S 


The 


W E I 


W E I 


[ 682  ] 


The  troy  ortrone  pound  Weight  in  Scotland,  winch 
by  ftatiite  is  to  be  the  fame  as  the  French  pound,  is 
commonly  fuppoied  equal  to  15^^  Itngliih  troy  ounces, 
or  7560  grains  ; but  by  a mean  of  the  llandards  kept 
by  the  dean  of  gild  of  Edinburgh,  it  weighs  7599 
7600  gi'ains  nearly. 

The  following  tables  fhew  the  divifions  of  the  troy 
and  averdupois  Weights. 


T able  of  T roy  Weight,  as  ufed, 

^i.  By  the  Goldfrniths,  &c. 

Grains  Pennywt, 

2,q  = I dwl. 

Ounce 

480  = 20  = 1 oz. 

Pouod 

^760  = 240  =z:  12  = I ib. 

2.  By  the  Apothecaries. 

Crains  Scruples 
20  — I 9 

Dram  s 

60  = 3=15 

Ounces 

4'8o  zr:  24  = 6=1^ 

Pound 

^760  = 288  = 96  = 12  = 1 lb. 


Table  of  Averdupois  W 'eight 


Drams 

16 

256 

7 168 


28672 


Ounces 

1 

16 

448 

179- 


Pounds 

I 

Quarters 
28  zz:  I 

Hund.  wt. 

I 1 2 Zn  4 =::  I 


573440  ZIZ  35840  = 2240 


So 


Ton 
20  ~ 1 


Mr.  Fergufon  (Led.  on  Mecli.  p.  100,  410)  gives 
tlie  following  compariion  between  troy  and  averdupois 
Weight. 

175  troy  pounds  are  equal  to  144  averdup,  pounds. 

375  troy  ounces  are  equal  to  192  averdup.  ounces. 

I- troy  pound  contains  5760  grains. 

3 averdupois  pound  contains  7000  grains. 

1 averdupois  ounce  contains  43 7 grains. 

I averdupois  dram  contains  27‘34375  grains. 

1 troy  pound  contains  13  oz.  2*651428576  drams 
averdupois 

l averdup.  lb.  contains  ilb  2oz  li  dwts  i6gr  troy 

The  moneyers,  jewellers,  &c,  have  a particular 
■dafs  of  Weights,  for  gold  and  precious  ftones,  viz, 
carat  and  grain',  and  for  filver,  the  penny^ivetghf^mS. 
grain.  The  moneyers  have  alfo  a peculiar  fubdivifion 
of  the  troy  grain  : thus,  dividing 

' -1  • • • ' 

the  grain  into  20  mites 

the  mite  into  24  droits 
the  droit  into  20  periots 
the  periot  into  24  blanks# 


The  dealers  in  wool  have  likewife  a particular  fet  of 
Weights  ; viz,  the  fack,  ni^eigh,  tod,  fione,  and 
the  proportions  of  which  are  as  below  : viz,  - 

the  fack  containing  2 weighs 
the  weigh  , . - - 6~  tods 

the  tod  ------  2 ftones 

the  ftone  -----  2 cloves 

the  clove  -----  7 pounds. 

Alfo  12  lacks  iriakc  a laft  or  4368  pouiics. 

Farther, 

56  lb  of  old  hay,  or  60  lb  new  hay,  make  a trufs, 

40  lb  of  draw  make  a trufs. 

36  truffes  make  a load,  of  hay  or  ftraw. 

14  lb  make  a lione, 

5 lb  of  glafs  a ftpne. 

French  Weights.  The  common  or  Pans  pouncf 
Weight,  is  to  the  Englifli  troy  pound,  as  21  to 
16,  and  to  the  averdupois  pound  as  27  to  25;  it 
therefore  contains  7360  troy  grains;  andpt  is  divided 
into  16  ounces  like  the  pound  averdupois,  but  more 
particularly  thus  : the  pound  into  2 marcs  ; the  mjSKC 
into  8 ounces  ; the  ounce  into  8 gros,  or  drams  ; the 
grofs  or  dram  into  3 denieis,  Paris  fcriiples  or  penny- 
weights ; and  the  pennyweight  into  24  grains',  the 
grain  being  an  equivalent  to  a grain  of  wheat.  So 
that  the  Paris  ounce  contains  472-2  troy  grains,  and 
therefore  it  is  to  the  Enghfli  troy  ounce  as  63  to  64* 
But  in  feveral  of  the  French  provinces, , the  pound  is 
of  other  different  Weights.  A quintal  is  equal  to  loO 
pounds. 

The  Weights  above  enumerated  under  the  two 
articles  of  Engiinr  and  French  Weights,  are  the  fame 
as  are  ufed  throughout  tlie  greateft  part  of  Europe ; 
only  under  fomewhat  different  names,  divifions,  and 
proportions.  And  belides,  particular  nations  have  alfo 
certain  Weights  peculiar  to  themfelves,  of  too  little 
confequence  iiere  to  be  enumerated.  But  to  fiiew  the 
proportion  of  thefe  feveral  Weights  to  one  another, 
tliere  may  be  here  added  a redudlion  of  the  diveis 
pounds  in  ufc  throughout  Europe,  by  which  the  other 
W^eights  are  eftimated,  to  one  ftandard  pound,  viz, 
the  pound  of  Amfterdam,  Paris,  and  Bourdeaiix ; as 
they  were  accurately  calculated  by  M.  Ricard,  and 
piibliffied  in  the  new  edition  of  hisTraitc  oe  Commerccj 
in  1722. 

Proportion  Weig  hts  of  the  chief  Cities  in  Europe* 

to  that  of  Amferdam, 


100  pounds  of  Amfterdam' are  equal  to 


1 08  lbs  of  Alicant 

loolbs  of  Bilboa 

105 

Antwerp 

105 

Bois  le  Due 

120 

Archangel,  or 

Bologna 

3 poedes 

100 

Bourdeaux 

105 

1 20 

Arfehot 

104 

B 0 u rg\e  n B r e ffe 

Avignon ' 

103 

Bremen 

98 

Bafil 

1 25 

B re  flaw 

100 

Bayonne 

105 

Bruges 

166 

Bergamo 

103 

Bruffels 

97 

Berg,  op  Zoom 

105 

Cadiz 

9 si 

Bergen,  Norw. 

105 

Cologne 

1 1 1 

Bern 

1072 

Copenhagen 

100 

Befau9on 

5 

S7 

Conilantinople 

Weights 
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Weights  coni  in  ued. 


100  pounds  of  Amderdam  are  equal  to 


1 1 5l:lbsof  Dantzic 

J ^qlbsof  Meffina 

ICO 

Dolt 

1 68 

Milan 

97 

Dublin 

1 10 

* Montpelier 

97 

Edinburgh 

125 

Mufeovy 

143 

Florence 

ICO 

Nantes 

9^ 

Ekanckfort,  fur 

100 

Nancy 

Maine 

169 

Naples 

IOC 

Gaunt 

98 

Nuremberg 

89 

Geneva 

ICO 

I’aris 

1 63 

Genoa 

I \ 

Revel 

102 

Hamburgh 

109 

lliga 

125 

Koningfberg 

ICO 

Rochel 

IOC 

Lei  p fie 

146 

Rome 

J 

106 

Leyden 

100 

Rotterdam 

143 

Leehorn 

Liege 

96 

]v)uen 

3054 

ICO 

S.  Malo 

3c6 

I..irbon 

100 

8.  bcbsfiian 

114 

Lifle 

Saragofa 

109 

London,  aver- 

100 

Seville 

tliipois 

114 

Smyrna 

j 

105 

lO) 

34' J 

Ijouvain 

1 10 

Stet  in 

Lubeck 

8 [ 

Stockholm 

Lucca 

118 

Thuloufe 

1 16 

Lyons 

ID 

Till  in 

« 14 

Madrid 

Valencia 

J03 
' 1 ^ 1 4- 

Malines 

Marieillcs 

182 

V^enice. 

Ancient  Weights. 


T.  The  Weights  of  the  ancient  Jews,  reduced  to 
the  Englifh  troy  Weights,  will  Hand  as  below : 

lb  oz  chvt  gr 

Shekel  « o o 9 2 t 

iVlanch  - --  - 2 3 6iof 

Talent  - - - - 113  lo  1 10 


oy  Vv^eight,  are 

as  in  the  follow 

lb  oz  ihvt 

ino-  table  : 
c> 

Lentes  - - 

- - Q 

0 

0 

Siliquas  - - 

- - 0 

0 

0 

3 

9 2 V 

Cbolus  ^ - 

- . 0 

0 

0 

Scrfptiilum 

>-  • 0 

0 

0 

1 8 

Drachma 

- - 0 

0 

2 

Sextula  - - 

- - 0 

0 

n 

3 

C 1 

Sicilicus  - " 

- - 0 

0 

4 

* 3 y 

Duella  - - - 

0 

6 

I 1- 

Uncla  - - 

- - 0 

0 

18 

5 -1 

Libra  - - - 

10 

18 

13 1 

Roman  ounce  Is  the  E: 

nn-llfii  averdnpols  ounce, 

they  divide  Into 

7 denarii,  as  w'e 

lias  8 draclims: 

LllV-jr^  1 V.  V w i » Vi  va  V 

drachm,  this  will  make  the  Attic  Weights  one-eighth 
lieavier  than  the  coa'refpondcnt  Roman  Weights.  Ar- 
buth. 


Regulation  (9^  Weights  and  Meafures*  This  Isa 
branch  of  the  king’s  prerogative.  For  the  public  con- 
venience, thefe  ought  to  be  univerfally  the  fame  througlt- 
out  the  nation,  the  better  to  reduce  the  priges  of  arti- 
cles  to  equivalent  values.  But  as  Weight  and  meafure 
are  things  in  their  nature  arbitrary  and  uncertain,  it  is 
necelfary  that  they  be  reduced  to  force  fixed  rule  or 
Fandard.  It  is  however impofiible  lo  fix  inch  a llandarcl 
by  any  written  law  or  oral  proclamation  ; as  no  perloii 
can,  by  words  only,  give  to  another  an  adequate  idea 
of  a pound  Weight,  or  foot-rule.  It  is  therefore  ex-, 
pedient  to  h.ave  recourfe  1*0  fome  vifible,  palpable, 
material  fiandard  ; by  forming  a comparifon  with  which, 
all  VWights  and  meafures  may  be  reduced  to  one  uniform 
fize.  buch  a fiandard  was  anciently  kept  at  Winchefter: 
and  we  find  in  the  laws  of  king  hdgar,  near  a century 
before  the  concjuefi,  an  injundlion  that  that  meafure 
fliould  be  obfeived  throughout  the  realm, 

iMofi  nations  have  regulated  the  fiandard  of  meafures 
of  lengtli  from  fomc  parts  of  the  human  body  ; as  the 
palm,  tlic  hand,  the  fpan,  the  foot,  the  cubit,  the  ell 
i^ulna  01  arm),  the  pace,  and  the  fathom.  But  as  thefe 
are  of  different  dimenfioiis  in  men  of  different  propor- 
tions, ancient  hifforians  inform  us,  that  a new  fiandard 
of  length  was  fixed  by  our  king  Henry  the  firfi  ; who 
commanded  that  the  ulna  or  ancient  cll,  which  anfwers 
to  the  modern  yard,  ffioiild  be  made  of  the  exaCl  length 
of  his  own  arm. 

A ftandard  of  long  meafure  being  once  gained,  all 
others  are  cafily  derived  from  it ; thofe  of  greater 
length  by  multiplying  that  original  fiandard,  thofe  of 
lefs  by  dividing  it.  Thus,  by  the  ffatute  called  com- 
pnjit'w  ninarum  et  perUcarum^  5 i yards  make  a perch  ; 
and  the  yard  is  fiibdividtd  into  3 feet,  and  each  foot 
into  12  inches  ; which  inches  will  be  each  of  the  length 
of  3 barley  corns.  But  fomc,  on  the  contrary,  derive 
all  meafures,  by  compofition,  from  the  barley  corn. 

Superficial  meafures  are  derived  by  fquaring  thole  of 
length  ; and  meafures  of  capacity  by  cubing  them. 

The  fiaivdard  of  Weights  was  originally  taken  from 
grains  or  corns  of  wheat,  wfiience  our  loweff  denomina- 
tion of  WTights  is  fiill  called  a grain  ; 32  of  which  are 
dlreTed,  by  the  ffatute  called  compojuio  menjurarurn^  to. 
compofe  a pennyweight,  to  of  which  make  an  ounce, 
and  12  ounces  a pound,  &c. 

Under  kinsf  Richard  tlie  firfi  it  was  ordained,  that 

O , 

there  Ihould  be  only  one  Weight  and  one  meafure 
throughout  the  nation,  and  that  the  cufiody  of  the 
affi/e  or  fiandard  of  Weights  and  meafures,  fliould  be  ' 
committed  to  certain  perfons  in  every  city  and  borough  ; 
from  whence  tne  ancient  olfice  of  the  king’s  ulnager 
feems  to  liave  been  derived.  Thefe  original  fiandards 
were  called  pondus  regisi  and  menfura  domini  regls^  and 
are  diredted  by  a variety  of  fubfequent  fiatiites  to  be 
kept  in  the  exchequer  chamber,  by  an  officer  called  the 
clerk  of  the  market^  except  the  wine  gallon,  which  is 
committed  to  the  city  of  I.ondon,  and  kept  in  Guild- 
liall. 

The  Scottifii  fiandards  are  diftrlbutcd  among  the 
oldeft  boroughs.  The  elw'and  Is  kept  at  Edinburgh, 

. the  pint  at  Stirling,  the  pound  at  Lanark,  and  the  firlot 
at  Linlithgow. 

The  two  principal  Weights  ellabllfiied  In  Great 
Britain,  are  troy  VvTight,  and  avoirdupois  Weight, 
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as  before  mentioned.  Under,  tlie  bead  of  the  former 
it  may  fartlier  be  added,  that 

A carat  is  a W eight  of  4 grains  ; but  when  the  term 
is  applied  to  geld,  it  denotes  the  degree  of  fineneis. 
Any  quantity  of  gold  is  fuppofed  divided  into  24  parts. 
Jf  the  whole  mafs  be  pure  gold,  it  is  faid  to  be  24  carats 
fine;  if  there  be  23,  parts  of  pure  gold,  and  one  pa,rt 
of  alloy  or  bafe  metal,  it  is  faid  to  be  23  carats  hne, 
and  fo  on. 

Pure  gold  is  too  foft  to  be  ufed  for  coin.  The 
flandard  coin  of  this  kmgdom  is  22  carats  fine.  A 
pound  of  ftandard  gold  is  coined  into  44-|  guineas, 
and  therefore  every  guinea  fliould  weigh  5 dwts  9|| 
grains. 

A pound  of  filver  for  coin  contains  1 1 oz  2 dwts 
pure  filver,  and  1 8 dwts  alloy  : and  ftandard  filver- 
plate,  1 1 ounces  pure  filver,  with  i ounce  alloy.  A 
pound  of  ftandard  filver  is  coined  into  62  ftii!lino-s  ; 
and  therefore  the  Weight  of  a,  ftiilling  ftiould  be  3 dwts 
2C|y  grains, 

Unirverfal  Standard  for  Weights  and  M-eafures, 

Philofopbers,  from  their  habits  of  generalizing,  have 
often  made  fpeculations  for  forming  a general  ftandard 
for  Weights- and  meafures  through  the  whole  world. 
Thefe  have  been  devifed  chiefly  of  a phllofophical  na- 
ture, as  beft  adapted  to  univerfality.  After  the  in- 
vention of  pendulum  clocks,  it  firft  occurred  that  the 
length  of  a pendulum  which  ftiould  vibrate  feconds, 
would  be  proper  to  be  made  a laniverfal  ftandard  for 
lengths;  whether  it  ftiould  be  called  a yard,  or  any 
thing  elfe.  But  it  was,  found,  that  it  would  be  difficult 
30  pradlice,  to  meafure  and  determine  the  true  length 
of  fuch  a pendulum,  that  is  the  diftance  between  the 
point  of  fufpenfion  and  the  point  of  ofcillation.  Another 
caufc  of  inaccuracy  was  afterwards  difeovered,  when 
it  was.  found  that  the  feconds  pendulum  was  of  different 
lengths  in  all  the  different  latitudes,  owing  to  the 
iphci'oidal  figure  of  the  earth,  which  caufes  that  all 
places  in  different  latitudes,  are  at  different  diftances 
from  the  centre,  and  confequently  tlie  pendulums  are 
acted  upon  by  different  forces  of  gravity,  and  therefore 
require  to  be  of  difrerent  lengths.  In  the  latitude  of 
imndon  thie  is  found- to  be  39-|.  inches. 

The  Society  of  Arts  in  London,  among  their  many 
laudable  and  patriotic  endeavours,  offered  a handfome 
premium  for  the  difeovery  of  a proper  ftandard  for 
Weights  and  meafures.  This  brought  them  many 
frivolous  expedients,  as  well  as  one  which  v/as  an  im- 
provement on  the  method  of  the  pendulum,  by  one 
Hatton,  This  confiffed  in  mcafuring  the  difference  of 
the  lengths,  of  two  pendulums  of  different  times  of 
vibration  ; which  could  be  performed  more  eafily  and 
accurately  than  that  of  the  length  of  one  fingle  pen- 
dulurn.  ^This  method  was  put  in  pradtice,  and  fully 
explained  and  illuftrated,  by  the  late  Mr.  Whitehurih, 
in  his  attempt  to  afeertain  an  Univerfal  Standard  of 
Weights  and  Meafures.  But  ftill  the  fame'  kind  of 
inaccuracy  of  meafurement  &c,  obtains  in  this  way, 
as  in  the  ftngle  pendulum,  though  in  a fraaller  de- 
gree. 

Another  method  that  has  been  propofed  for  this 
piirpofc;,  IS  the  {pace  t.nat  a lieavy  body  falls  freely 


through  in  i fecond  of  time.  But  this  Is  an  experi" 
ment  move  difficult  than  the  former  to  be  made  with, 
accuracy  ; on  which  account,  different  perfons  will  alt, 
make  t,be  fpace  fallen  to  be  of  different  quantitiesy. 
which  would  give  as  many  different  ftandards  of  length*. 
Add  to  this,  that  the  fpheroidal  form  of  the  earth  here 
again  introduces  a diverfity  in  the.  fpace,  owing  to  the 
diffe  rent  diftances  from  the  centre,  and  the  confequent 
diverfity  in  the  force  of  gravity  by  which  the  body, 
falls.  This  fpace  has  keen  found  to  be  193  inches,  or 
I 6/^  feet,  in  the  latitude  of  London ; but  it  wfill  be 
a different  quantity  in  other  latitudes.. 

Many  other  inferior  expedients  haye  alfp  been  pro- 
pofed  for  the  pnrpofe  of  univerfal  rrieafures,and  Weights;-; 
but  there  is  another  which  now  has.  the  be, ft  profpeff : 
of  fiiccefs,  and  is  at  preient  under  particular  experi- 
inem^,  by  the  philofopbers  both  of  thisand.the  French 
nation,  i his.  method  is  by  the  meafure  of  the  degrees 
of  latitude  wliiSh  would  give  a large  quantity,.,  and 
adm.it  of  more  accurate,  raeafiu^s,,  by  lubdivifton,  thaa=, 
what  could  be  obtained  by  beginning  from  a fmall 
quantity,  or  meafure,  ajid  thence  to  proceed  increafingj 
by  multiples.  This  meafure  might  be  taken  either 
from  the  extent  of  the.  whole  compafs  of  the  earth,  or 
of  all.  the  360  degrees,  or  a medium  degree  among 
them  all,  or  from  the  meafure  of  a degree  in  the 
inediurn  latitude  of  4.3^  degrees.  It  wnil  alfo  be  m.ofl 
convenient  to  make  the  fubdivifions-^  of  this  meafure,. 
when  found,  to  proce.ed  decimally,  or  continually  by. 
loths. 

The  upiverfal  ftandard  for  lengths  being  once  efta- 
bliflicd,  thofe  of  kYeights,  &c,.  would  eafily  folloWi^ 
For  inftance,  a veftel,  of  certain  dimenlions,  being  - 
filled  with  diftiiled  wmter,  or.-  fome  other-  homogeneous 
matter,  the  Weight,  of  that  may  be  conftdered  as, a 
ftandard  for  Weights. 

M EIGHT  of  the  Air.,,,Water,  &c.  See  thofe  articles 
feverallv.  See  alfo  Specific  Gravity, 

WLRST,  a.  Ruffian  meafure  of  length,  equal  to 
35 Qo  Englifti  feet. 

WESfi,.  one  of  the  cardinal  points  of  the  horizon,, 
or  of  the  compafs,  diametrically  oppoftte  to  the  eaft, 
or.  lying  on  the  left  hand  when  we  face  the  north.  Or 
Weft  is  ftricftly  the  interfedion  of  the  prime  vertic^fi 
with  the  horizon,  on  that  fide  where  the  fun  fets. 

West  IVind,  diio  ediX^d  Zephyr  us  Favoniuu 

West,  Dm/.  See,  Dial. 

WES  FERN  Amplitude^  Hormon^  Ocean,  See  the  -, 
feveral  articles. 

MESTINGj  .in  Navigation,  is  the  quantity  of  de-. 
parture  ma,de  good  to  the  weftward  from  the  meridian. 

WEY.  See  Weigh, 

WHALE,  m Aftronom.y,  one  of  the  conftellations* , 
See  Cetiis. 

kYHEEx^,  in,  INIechanics,  a fimple  machine,  con- 
fifting  of  a cnqular  piece  of  wood,  metal,  or  other- 
matter,  that  revolves  on  an  axis.  This  is  othervfife. 
called  Ifheel  and  Axle^  ox  Axis  hi  Pentroehioy  as  a 
mechanical  power,  being  one  of  the  moft  frequent  and 
ufeful  of  any.  In  this  capacity  of  it,  the  Wheel  is  a 
kind  of  perpetual  lever,  and  the  axis  another  leffer  one; 
or  the  radius  of-  the  kYheel  and  that  of  its  axis  may  be 
confidered  as  tlie  longer  and  ftiorter  arms  of  a lever,  the 
centre,  of  the  Wheel  being  the  fulcrum  or  point  of. 

fiftpen,-*. 
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fufpenfion.  ^ Whence  it  is,  that  the  power  of  this  ma- 
chine is  eftimated  by  this  rule,  as  the  radius  of  the 
3xis  Is  to  the  radius  of  the  Wheel  or  of  the  circumfe- 
rence, fo  is  any  given  power,  to  the  weight  it  will 
fuftain. 

Wheels,  as  well  as  their  axes,  are  frequently  dented, 
or  cut  into  teeth,  and  are  then  of  ufe  upon  innumerable 
occahons;  as  in  jacks,  clocks,  mill-work,  &c;  by  which 
means  they  are  capable  of  moving  and  afting  on  one 
another,  and  of  being  combined  together  to  any  extent; 
the  teeth  either  of  the  axis  or  circumference  working 
in  thofe  of  other  Wheels  or  axles  ; and  thus,  by  multN 

pb/ing  the  power  to  any  extent,  an  amazing  great 
effeff  is  produced.  ^ 

To  compute  the  ponver  of  a comhlnat'ion  of  Wheels  ; 
the  teeth  of  the  axis  of  every  Wheel  afling  on  thofe  in 
the  circumference  of  the  next  following.  Multiply 
continually  together  the  radii  of  all  the  axes,  as  allb  the 
radii  of  all  the  Wheels  ; then  it  will  be,  as  the  former 
produff  IS  to  the  latter  produff,  io  is  a given  power 
applied  to  the  circumference,  to  the  weiglft  it  can  fuf- 
Thus,  for  example,  in  a combination  of  live 
H heels  and  axles,  to  find  the  weight  a m.an  can  fuflain, 
or  raife,  whofe  force  is  equal  to  150  pounds,  the  radii 
of  the  Wheels  being  30  inches,  and  thofe  of  the  axes 
3 inches.  Here  3 x 3 X 3 x 3 x 3 = 243, 

and  30  X 30  X 30  X 30  X 30  = 243C0000, 
therefore  as  243  ; 2430C000  : : 150  : 150000001b, 
the  weight  he  can  fuftain,  which  is  more  than  6696 
tons  weight.  So  prodigious  is  the  incieafe  of  power  in 
a combination  of  Wheels! 

But  It  IS  to  be  obferved,  that  in  this,  as  well  as  every 
other  mechanical  engine,,  whatever  is  gained  in  power, 

1?  loft  in  tim.e  ; that  is,  the  weight  will  move,  as  much 
liower  than  the  power,  as  the  force  is  increaled  or  mul- 
tiplied, which  in  the  example  above  is  loooco  times 
flower. 

Hence,  having  given  any  power,  and  the  weight  to 
beraifed,  \vith  the  proportion  between  the  Wheels  and 
axles  neceflary  to  that  efteff  ; to  find  the  number  of 
the  \Vheels  and  axles.  Or,  having  the  number  of  the 
Wheels  and  axles  given,  to  find  the  ratio  of  the  radii 
of  the  Wheels  and  axles.  Here,  putting 

p the  power  ading  on  the  laft  wheel, 
nu  = the  weight  to  be  raifed, 
r = the  radius  of  the  axles,. 

R the  radius  of  the  wheels, 
w ~ the  number  of  the  wheels  and  axles ; 
then,  by  the  general  proportion,  as  : : yi  : w > 

tfierefore  is  a general  theorem,  from  whence 

may  be  found  any  one  of  thefe  five  letters  or  quantities, 
when  the  other  four  are  given.  Thus,  to  find  n the 
number  of  Wheels  : we  have  firft 

then  « = 

p log.  R — log.  r 

And  to  find  , the  ratio  of  the  Wheel  to  the  axle : it  is 

7 


R 
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Wheels  of  a Clock,  tsfc,  arc,  the  crown  wheel, 
central  wheel,  great  wheel,  fecond  wheel,  third  wheel, 
ftriking  wheel,  detent  v/heel, 


Wheels  cf  Coaches,  Carts,  Wapgons,  &V.  With, 
refpefl  to  Wheels  of  carriages,  the  following  particulars 
are  colleffed  from  the  experiments  and  ofcrvations 
of  Defaguliers,  Beighton,  Camus,  Fergufon,  Jacob,. 
&c. 

I.  The  ufe  of  Wheels,  in  carriages,  is  twofold  ; viz, 
that  of  diminiftiing  or  more  eafily  overcoming  the  re- 
fiftance  or  fridlion  from  the  carriage  ; and  that  of  more 
eafily  overcoming  obftacles  in  the  road.  In  the  firft 
cale  the  fridfion  on  the  ground  is  transferred  in  fome 
degree  from  the  outer  furface  of  the  Wheel  to  its  nave 
and  axle  ; and  in  the  latter,  tliey  feive  eafily  to  raife 
the  carnage  over  obftacles  and  afperities  met  with  on 
the  roads.  In  both  thtfe  cafes,  the  height  of  tlie 
'Wheel  is  of  material  confideration,  as  the  fpokes  adf 
as  levers,  the  top  ^ of  an  obltacle  being  the  fulcrum, 
their  length  enables  the  carriage  more  eafily  to  furraoiint 
them  ; and  the  greater  proportion  of  the  Wheel  to  tlie 
axle  ferves  more  eafily  to  diminiOi  or  to  overcome  the 
fricftion  of  ihe  axle.  See  Jacob’s  Obfervations  on  WheeF 
Carriages,  p.  23  &c. 

2.  The  \V heels  ftiould  be  exaffly  round;  and  the 
fellies  at  right  angles  to  the  naves,  according  to  the.' 
inclination  of  the  fpokes. 

3.  It  is  the  moft  general  opinion,  that  the  fpokes 
be  fom.ewhat  inclined  to  the  naves,  fo  that  the  Wheels, 
may  be  diftiing  or  concave.  Indeed  if  the  Wheels 
w'ere  always  to  roll  upon  fmooth  and  level  ground,  it 
would  be  beft  to  make  the  fpokes  perpendicular  to  the 
naves,  or  to  the  axles  ; becaufe  they  would  then  bear 
the  weight  of  the  load  perjiendicularly.  But  becaufe 
the  ground  is  commonly  uneven,  one  Wheel  often  falls 
into  a cavity  or  rut,  when  the  other  does  not,  and  tl  ea 
it  bears  much  more  cf  the  weight  than  the  other  does  ; 
in  which  cafe  it  is  beft  for  the  AV heels  to  be  difiied, 
becaufe  the  fpokes  become  perpendicular  in  the  rut, 
and  therefore  have  the  greatc'ft  ftrength  when  the 
obliquity  of  the  road  throws  moft  of  the  weight 
upon  them  ; whilft  thole  on  the  high  ground  have  lefs 
weight  to  bear,  and  therefore  need  not  be  at  their  full:  ' 
ftrength. 

4.  1 he  axles  of  the  AA^heels  fhoiild  be  quite  ftraiglit, 
and  perpendicular  to  the  fliafts,  or  to  the  pole.  When 
the  axles  are  ftraight,  the  rims  of  the  Wheels  will  be 
parallel  to  each  other,  in  which  cafe  they  will  move  the 
eafieft,  becaule  tliey  will  be  at  hberty  to  proceed  ftraight' 
forwards.  But  in  the  ufual  way  of  pi'acfice,  the  ends 
of  the  axles  are  bent  downwards  ; which  always  keeps 
the  lides  of  the  Wheels  that  are  next  the  ground  nearer 
to  one  another  than  their  upper  hides  are;  and  this  not 
only  makes  the  Wheels  drag  fideways  as  they  go  along, 
and  gives  the  load  a much  greater  power  of  cruftiing 
them  than  when  they  are  parallel  to  each  other,  but 
alfo  endangers  the  overturning  the  carriage  vrhen  a* 
Wheel  falls  into  a hole  or  rut,  or  when  the  carriage- 
goes  on  a road  that  has  one  fide  lower  than  the  other,, 
as  along  the  fide  of  a hill.  Mr.  Beighton  however  has  • 
offered  fevcral  reafons  to  prove  that  the  axles  of  Wheels  ^ 
ought  not  to  be  ftraight  ; tor  which  fee- Defiiguliers’s 
Exp.  Phil.  vol.  2,  Appendix. 

5.  Large  Wheels  are  found  more  advantageous  for.- 
rolling  than  fmall  ones,  both  with  regard  to  their  power.- 
as  a longer  lever,  and  to  the  degree  of  fridion,  and , 
to  the  advantage  in  getting  over  holes,  rubs,  and; 
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Aoncs,  ScC.  If  vie  confider  Wheels  with  regard  io 
the  fridtion  upon  their  axles,  it  is  evideMit 
Wheels,  bv  turning  oftener  rou^ad,  and  iuntter  abou?. 
the  axles,  tlian  large  ones,  mud  have  much  more  fric- 
tion. i\gain,  if  vee  confulcr  Wheels  as  they  hnk  into 
holes  or  foft  earth,  the  large  Wheels,  by  hnking  kfs, 
inull  be  much  eaikr  drawn  out  of  tciern,  as  wcxl 
as  more  eahly  over  ftones  and  oohacks,  irom 
their  greater  length  of  lever  or  fpokes.  Deiaphers 
has  broiudit  this  matter  to  a mathematical  oaiculatioii , 
in  his  Kxperim.  Fhiloi.  vol.  I,  p.  171,  Sec.  Sec  alio 
jacedys  Obferv.  p.  63. 

From  hence  it  appears  then,  that  W heels  are  the 
more  advantageous  as  they  are  larger,  provided  they 
are  not  more  than  5 or  6 feet  diameter;  lor  when  they 
exceed  thefe  dimeniions,  they  become  too  heavy  ; or  h 
they  are  made  light,  their  Itrength  is  propdrtionabiy 
diminifiied,  and  the  length  of  -the  fpokes  renders 
more  liable  to  break  : befides,  horfes  ^applied  to  Inch 
Wheels  would  not  be  capable  of  exerting  their  utmoit 
itrength,  by  having  the  axles  higher  than  then* 
breallf,  fo  that  tliey  would  draw  downwaras  ; ^ which 
is  even  a greater  difadvantage  than  fmad  Wneeis  hav>w 
in  occaiicming  tlie  horfets  to  dtarv  upwards. 

b.  Carriages  with  4 Wheels,  as  waggons  or  coaches, 
are  much  more  advantageous  than  caiiiages  vrith  2 
Wheels,  as  carts  and  chaifes  ; for  with  2 wd.teels 
it  is  plain  the  tiller  horfe  carries  part  of  the  weight, 
in  one  way  or  other  : in  going  down  hill,  the  \veiglit 
bears  upon  the  horfe;  and  in  going  up  hill,  the 
weight  falls  the  other  way,  and  lifts  the  horle,  which 
is  (fill  worfe.  Beheies,  as  the  W^'heels  fink  into_  the 
holes  in  the  roads,  fometimes  on  one  fide,  fometimes 
on  the  other,  the  fnafts  llrike  againft  the  tillerk  lides, 
which  dtllroys  many  horfes  : moreover,  when  one  of 
tlie  YCheels  links  into  a hole  or  rut,  half  the  weight 
falls  that  way,  which  endangers  the  overturning  of 

the  carriage. 

n.  It  would  be  much  more  advantageous  to  make 
the  4 Wheels  of  a coach  or  waggon  large,  and  nearly 
of  a height,  than  to  make  the  fore  kVheek  of  only 
half  the^diameter  of  the  bind  Wheels,  as  is  ufual  in 
many  places.  The  fore  kVheels  have  commonly  been 
made  of  a lefs  lize  than  the  hind  ones,  both  on  account 
of  turning  fliort,  and  to  avoid  cutting  the  ^braces. 
Chane'uecks  have  alfo  been  invented  for  turning  yet 
^iiorter,-  and  tire  fore  Wheels  have  been  lowered,  fo 
as  to  go  cjuite  under  the  bend  of  tire  crane-neck. 

it  i^ held,  that  it  is  a great  difadvantage  in  fmall 
Wh'fels,  that  as  their  axle  is  below  the  bow  of  the 
buries  breads,  the  horfes  not  only  have  the  loaded  car- 
riage to  draw^  along,  but  alfo  part  of  its  weight  to  bear, 
winch  tires  them  foon,  and  makes  tliem^  grow  rnnch 
ItiiTer  in  their  hams,  than  they  would  be  if  they  crew 
on  a level  with  the  fore  axle. 

But  Mr.  Beighton  difputes  the  propriety  of  fixing 
the  line  of  tradfion  on  a level  wdth  the  bread;  of  a 
Iiorfe,  and  fays  it  is  contrary  to  reafon  and  experience. 
Florfes,  lie  fays,  have  little  or  no  power  to  draw  but 
wTat  they  derive  from  their  weight ; without  which 
they  could  not  take  hold  of  the  ground,  and  then  they 
mull  fdp,  and  draw  nothing.  Common  experience  alio 
teaches,"  that  a horfe  mud  have  a certain  weight  on  bis 
back  or  Ihoulders,  that  he  may  draw  the  better.  And 


when  a liorfe  draws  hard,  it  is  obferved  that  he  hencB 
fonvard,  and  brings  his  bread  near  the  ground  ; ^and 
then  if  the  Wheels  are  high,  he  is  pulling  the  carriage 
againd  the  ground.  A horfe  tackled  in  a waggon  will 
draw  two  or  three  ton,  becaufe  the  point  or  line  of 
tradlion  is  below  his  bread,  by  the  lownefs  of  the 
Wheels.  It  is  alfo  common  to  fee,  wlien  one  horfe  is 
drawing  a heavy  load,  efpecially  up  hill,  bis  fore  feet 
will  rife  from  the  ground  ; in  wliich  cafe  it  is  ufual  to 
add  a weight  on  his  back,  to  keep  his  fore  part  down, 
bv  a perfoii  mounting  on  his  liack  or  dioulders,  which 
will  enable  him  to  draw  that  load,  which  he  could  not 
move  before.  The  greated  drefs,  or  main  bufmefs  of 
drawiiKi-,  fays  this  ingenious  writer,  is  to  overcome 
obdacles  ; for  on  level  plains  the  drawing  is  but  little, 
and  then  the  horfe’s  back  need  be  pred'ed  but  with  a 
fmall  weight. 

8.  The  utility  of  broad  Wheels,  in  amending  and 
pieferving  the  roads,  has  been  fo  long  and  ^generally, 
acknowledged,  as  to  have  occafioned  the  legiflature  to 
enforce  thar  ufe.  At  the  fame  time,  the  proprietors 
and  drivers  of  carriages  feem  to  be  convinced  by  expe- 
rience, that  a narrow-wheeled  carriage  is  more  eahly 
and  fpeedily  drawn  by  the  fame  number  of  horfes,  than 
.abroad-wbeefed  one  of  the  fame  burthen  : probably  be- 
caufe they  are  much  lighter,  and  have  lefs  friCiion  on 

the  axle.  ^ 

On  the  fubieft  of  this  article,  fee  Jacob’s  Obferv, 
&c.  on  Whed-Carriages,  1773,  p.  81.  DefagiiL 
Exper.  Phil.  vol.  i , p.  201.  Fergiifou  s Ledl. 
p.  y6.  Martin’s  Phil.  Brit,  voi.  i,  p.  22^. 

BIcu>ing  Wheel,  is  a machine  contrived  by  Defa- 
giiliers,  lor  drawing  the  foul  air  out  of  any  place,  or 
for  forcing  in  frefb,  or  doing  both  fiiccefiively,  without 
opening  doors  or  windows.  Sec  Philof.  Tranf.  num- 
ber 437.  The  intention  of  this  machine  is  the  lame 
as  that  of  Hales’s  ventilator,  but  not  fo  efleclual,  nor 
fo  convenient.  See  .Oeiag.  Exper.  Philof.  vol.  2, 
p.>63,  568.«— This  Wheel  is  alio  called  vl  ' cenarifu- 
o-al  Wheel,  becaufe  it  drives  the  air  with  a centrifugal 
force. 

F/ater  Wheel,  of  a Mill,  that  which  receives  the 
impulfe  of  the  ilream  by  means  of  ladle-boards  or  float- 
boards.  M.  Parent,  of  the  Academy  of  Sciences,  has 
determined  that  the  greatefl  efTea  of  an  underfliot 
Wheel,  is  wdien  its  velocity  is  equal  to  the  3d  part  of 
the  velocity  of  the  water  that  drives  it ; but  it  ought 
to  be  the  half  of  that  velocity,  as  is  fully  Eewn  in  the 
article  Mill,  pa.  i ii.  in  fixing  an  underfhot  Wheel, 
It  ought  to  be  confidered  whether  the  water  can  run 
clear  off,  lo  as  to  cavife  no  back-w'ater  to  flop  its  wro- 
tion.  Concerning  this  article,  fee  Defagul.  ^ Exp. 
Philof,  voh  2,  p.  422.  Alfo  a variety  of  experiments 
and  obfervalions  relating  to  underfhot  and  overjhot 
Wheels,  by  Mr.  Smeaton,  in  the  Philof.  Tranf. 
voL  51,  p.  too,. 

Jri/IofWs  Wheel,  See  Rota  Ar^Jlctehea, 

Meafuring  Wueel,  See  Perambulator. 

Orjyreus'^s  Wheel.  See  Orffyreus. 

Pi-rjian  Wheel.  See  Persian. 

W HEV.L-Bnrcmeter,  See  Barometer. 

WHIRL-POOL,  an  eddy,  vortex,  or  gulph,  W'hfere 
the  w'ater  is  continually  turning  round. 

WHIRLING-TABLE,  a machine  contrived  for 

repis* 
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reprefenting  feveral  phenomena  in  philofophy,  and  na- 
ture ; as,  the  principal  laws  of  gravitation,  and  of  the 
planetaiy  motions  in  curvilinear  orbits. 

X-Itc  figure  of  this  inftruinent  is  exhibited  fig.  r, 
pL  35  : where  AA  is  a drong  frame  of  wood  ; B a 
winch  fixed  on  the  axis  C of  the  wheel  D,  round  which 
is  the  catgut  firing  F,  which  alfo  goes  round  the  fmall 
‘wheels  G and  K,  croiTing  between  them  and  tlie  great 
wheel  D On  the  upper  end  of  the  axis  of  the  wheel 
G,  above  the  frame,  is  fixed  the  round  board  r/,  to 
which  may  be  occafionally  fixed  the  bearer  MSX.  On 
the  axis  of  the  wheel  H is  fixed  the  bearer  NTZ,  and 
when  the  winch  B is  turned,  the  wlieels  and  bearers 
are  put  into  a Whirling  motion.  Fj.ich  bearer  has  two 
wires  W , X,  and  Y,  Z,  fixed  and  ferewed  tight  into 
them  at  the  ends  by  nuts  on  the  outfide  ; and  when  tlje 
nuts  are  unferewed,  the  wires  may  be  drawn  out  in 
order  to  change  the  balls  U,  V,  which  Hide  upon  the 
wires  by  means  of  brafs  loops  fixed  into  the  bidls,  and 
preventing  their  touching  the  wood  below  them. 
Through  each  ball  there  pafies  a filk  line,  which  is 
fixed  to  it  at  any  length  from  the  centre  of  the 
bearer  to  its  end,  by  a nut-ferew  at  the  top  of  the 
ball ; the  fliank  of  the  ferew  going  into  the  centre  of 
the  ball,  and  prefiing  the  line  again fi  the^ under  fide  of 
the  whole  which  it  goes  througlu  The  line  goes  from 
the  ball,  and  under  a fmall  pulley  fixed  in  the  middle 
of  the  bearer  ; then  up  through  a focket  in  the  round 
plate  (S  and  T)  in  the  middle  of  each  bearer ; then 
through  a flit  in  the  middle  of  tlie  fquare  top 
{O  and  P)  of  each  tower,  and  going  over  a fmall 
pulley  on  the  top  comes  down  again  the  fame  w-ay,  and 
is  at  lafi  faftened  to  the  upper  end  of  the  focket  fixed 
in  the  middle  of  the  round  plate  above  mentioned. 
Each  of  thefe  plates  S and  T has  four  round  holes 
near  their  edges,  by  which  they  Hide  up  and  down  upon 
the  wires  which  make  the  corner  of  each  lower.  The 
balls  and  plates  being  thus  connedfed,  each  by  its  par- 
ticular line,  it  is  plain  that  if  the  balls  be  drawn  out- 
ward, or  towards  the  end  hi  and  N of  their  re- 
fpediive  bearers,  the  round  plates  S and  T will  be 
drawn  up  to  the  top  of  their  rcfpectlve  towers  O 
and  P. 

There  are  feveral  brafs  weights,  fomc  of  two, 
Tome  of  three,  and  others  of  four  ounces,  to  be  oc- 
cafionally  put  within  the  towers  O and  P,  upon  the 
round  plates  S and  T : each  weight  having  a round 
hole  in  the  middle  of  it,  for  going  upon  the  fockets 
or  ax'es  of  the  plates,  and  being  Hit  from  the  edge  to 
the  hole,  that  it  may  flip  over  the  line  which  comes 
from  each  ball  to  its  refpedtive  plate. 

For  a fpecimen  of  the  experiments  which  may  be 
made  with  this  machine,  may  be  fubjoiiied  the  follow- 
■ing. 

I.  Removing  the  bearer  MX,  put  the  loop  of  the 
line  to  which  the  ivory  ball  a is  fallened  over  a 
pin  in  the  centre  of  the  board  and  turn  the  winch 
B ; and  the  ball  will  not  immediately  begin  to  move 
with  the  board,  but,  on  account  of  its  inacfivity,  en- 
deavour to  remain  in  its  fiate  of  reft.  But  when  the 
ball  has  acquired  the  lame  velocity  with  the  board,  it 
wall  remain  upon  the  fame  part  of  the  board,  having  no 
relative  motion  upon  it.  However,  if  the  board  be 
Hddenly  ftopped,  the  ball  v/ill  continue  to  revolye  upon 


it,  until  the  fridion  thereof  ftops  its  motion  : fo  that 
matter  refifis  every  change  of  fiate,  from  that  of  lefi 
to  that  of  motion,  and  vice  verfa, 

2.  Put  a longer  cord  to  this  ball  j let  it  down  through 
the  hollow  axis  of  the  bearer  MX  and  wheel  G,  and 
fix  a weight  to  the  end  of  the  cord  below  the  madiine  ; 
and  this  weight,  If  left  at  liberty,  will  dr.W  the  brdi 
from  the  edge  of  the  Whirling  board  to  ih  centre. 
Draw  off  the  ball  a little  from  the  centre,  and  turn 
the  winch  ; then  the  ball  will  go  round  and  round 
with  the  beard,  and  gradually  fly  farther  from  the 
centre,  railing  up  the  weight  below  the  machine.  And 
thus  it  appeals  that  all  bodies,  revolving  in  circles, 
have  a tendency  to  fly  olF  from  thofe  circles,  and  mult 
be  retained  in  them  by  lome  power  proceeding  from  or 
tending  to  the  centre  of  motion.  Stop  the  machine, 
and  the  b*d  will  continue  to  revolve  for  lome  time  upon 
the  board  ; but  as  the  fridfion  gradually  flops  its  mo- 
tion, the  Weight  acfing  upon  it  will  bring  it  nearer  and 
nearer  to  the  centre  in  every  revolution,  till  it  brings  it 
quite  thither.  Hence  it  appears,  that  if  the  planets 
met  with  ^ny  rcfifiance  in  going  round  the  fun,  its 
attraclive  power  would  bring  them  nearer  and  nearer 
to  It  in  every  revolution,  till  they  would  fall  into  it. 

3.  Take  hold  of  the  cord -below  tlie  machine  with 
one  hand,  and  with  the  ocher  throw  the  ball  upon  the 
I'ound  board  as  it  were  at  right  angles  to  the  cord,  and 
it  will  revolve  upon  the  board.  Then,  obferving  the 
velocity  of  its  motion,  pull  the  cord  below  the  machine, 
and  thus  bring  the  ball  nearer  the  centre  of  tire  board, 
and  the  ball  will  be  feeii  to  I'evolve  with  an  Increaling 
velocity,  as  it  approaches  the  centre  : and  thus  the 
planets  vvhicli  are  nearefi  the  fun  perform  quicker  revo- 
lutions than  thofe  which  arc  more  remote,  and  move 
with  greater  velocity  in  every  part  of  their  refpedivc 
circles. 

4.  Remove  the  ball  ff,  and  apply  tire  bearer  MX, 
whofe  centre  of  motion  is  in  its  middle  at  cu,  direefilr 
over  tire  centre  of  the  Wliiiling  board  A Then  put 
two  balls  (V  and  U)  of  equal  weight  upon  their  l)car- 
ing  wires,  and  having  fixed  them  at  equal  difi.mces 
from  their  refpeftive  centres  of  motion  'U’  and  .v  upoii 
their  filk  cords,  by  the  ferew  nuts,  put  equal  weia'hts 
in  the  towers  Gaud  P.  Lafily,  put  tlie  catgut  firimrs 
E and  F upon  the  grooves  G and  H'  of  the  fmall  wheels, 
which,  being  of  equal  diameters,  will  giveequed  veloci- 
ties to  the  bearers  above,  when  tlie  winch  B is  turned  ; 
and  the  balls  U and  V will  fly  off  toward  M and  N, 
and  raife  the  weights  In  the  towers  at  the  lame  Infiant. 
I'lirs  flievvs,  that  when  bodies  of  equal  quantities  of 
matter  revolve  in  equal  circles  with  equal  velocities, 
their  centrifugal  forces  are  equal. 

5.  Take  away  thefe  equal  balls,  and  put  a ball  of  6 
ounces  into  the  bearer  MX,  at  a 6th  part  of  the  dif- 
tance  v'z  from  the  centre,  and  put  a ball  or  one  ounce 
into  the  oppofite  bearer,  at  the  whole  difiance 
xy  = wz  ; and  fix  the  balls  at  thefe  difiances  on  their 
cords,  by  the  ferew  nuts  at  the  top  : then  the  ball  U, 
which  is  6 times  as  heavy  as  the  ball  V,  will  be  at 
only  a 6th  part  of  the  difiance  from  its  centre  of  mo- 
tion ; and  confequenlly  will  revolve  in  a circle  of  only  a 
6th  part  of  the  circumference  of  the  circle  in  which 
V revolves.  Let  equal  weights  be  put  into  the  towers, 
and  the  winch  be  turned;  which  (as  the  catu-ut  firiurr 
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on  equal  wheels  below,  will  caufe  the  balls  to  revolve 
in  equal  times  : but  V will  move  6 times  as  fall  as  U, 
becaufe  it  revolves  in  a circle  of  6 times  its  radius,  and 
botli  the  weights  in  the  towers  will  rile  at  once.  Hence 
it  appears,  that  the  centrifugal  forces  of  revolving 
bodies  are  in  dlreil  proportion  to  their  quantities  of 
matter  multiplied  into  their  reipeHive  velocities,  or 
into  their  diftance  from  the  centres  of  their  refpedlive 
circles. 

If  thefe  two  balls  be  fixed  at  equal  diltances  from 
their  refpetlive  centres  of  motion,  they  will  move 
vvith  equal  velocities  ; and  if  the  tower  O has  6 times 
as  much  weight  put  into  it  as  the  tower  P has,  the  balls 
Vvill  raife  their  weights  exadlly  at  the  fame  moment : 
i.  c.  the  ball  U,  being  6 times  as  heavy  as  the  ball  V, 
has  6 times  as  much  centritugal  force  in  defrribing  an 
equal  circle  with  an  equal  velocity. 

6.  Let  two  balls,  U and  V,  of  equal  weights, 
be  iixcd  on  their  cords  at  equal  dillances  from 
their  refpedlive  centres  of  motion  and  x ; and  let  the 
catgut  firing  £ be  put  round  the  wheel  K (vvhofe  cir- 
cumference is  only  half  that-of  the  wheel  H or  G)  and 
over  the  pulley  s to  keep  it  tight,  and  let  4 times  as 
much  weight  be  put  into  the  tower  P as  in  the  tower 
O.  Then  turn  the  wunch  B,  and  the  ball  V will  re- 
volve twice  as  fail  as  the  ball  U in  a circle  of  the  fame 
diameter,  becaufe  they  are  equidiftant  from  the  centres 
of  tiic  circles  in  which  they  revolve  ; and  the  weights 
in  the  towers  will  both  rife  at  the  fame  inflant ; which 
Ihews  that  a double  velocity  in  the  fame  circle  will  ex- 
adlly  balance  a quadruple  power  of  attraftion  in  the 
centre  of  the  circle  ; for  the  weights  in  the  towers  may 
be  confidercd  as  the  attradlive  forces  in  the  centres,  a6l- 
ing  upon  the  revolving  balls  ; which  moving  in  equal 
circles,  are  as  if  they  both  moved  in  the  fame  circle. 
Whence  it  appears  that,  if  bodies  of  equal  • weights 
revolve  in  equal  circles  with  unequal  velocities,  their 
centrifugal  forces  are  as  the  fquares  of  the  velocities. 

7.  The  catgut  firing  remaining  as  before,  let  the 

<di [lance  of  the  bail  V from  the  centre  .r  be  equal  to  2 
of  the  divifions  on  its  bearer  ; and  the  dillance  of  the 
ball  U from  the  centre  w be  3 and  a 6tli  part  ; the 
balls  themfelves  being  equally  heavy,  and  V making 
two  revolutions  by  turning  the  winch,  whilll  U makes 
one  ; fo  that  if  we  fuppole  the  ball  V to  revolve  in  one 
moment,  the  ball  U will  revolve  in  2 moments,  the 
iquares  of  which  are  i and  4 ; therefore,  the  fquare  of 
the  period  of  V is  contawied  4 times  in  the  fquare  of  the 
period  of  U.  But  the  dillance  of  V is  2,  the  cube 
of  vvhicli  is  8,  and  the  diftance  of  U is  cube 

of  which  is  32  very  nearly,  in  which  8 is  contained 
4 times  : and  therefore,  the  fquares  of  the  periods  V 
and  IT  are  to  one  another  as  the  cubes  of  their  dillances 
from  w and  w,  the  centres  of  their  refpedllve  circles. 
Lnd  if  the  weight  in  the  tower  O be  4 ounces,  or 
equal  to  the  fquare  of  2,  which  is  the  diftance  of  V 
from  the  centre  A’;  and  the  weight  in  the  tower  P be 
10  ounces,  nearly  equal  to  the  fquare  of  3L 

tance  of  U from  cu  ; it  will  be  found  upon  turning  the 
machine  by  the  wineb,  that  the  balls  U and  V will  raife 
tneir  refpeclive  weights  at  very  nearly  the  fame  inflant 
of  time.  This  experiment  confirms  the  famous  propo- 
iition  of  Kepler,  viz,  that  the  fquares  of  the  periodi- 
cal times  of  the  planets  round  the  fun  are  in  propor- 


tion as  the  cubes  of  their  dillances  from  him  ; and  that 
the  fun’s  attradlion  is  inverfely  as  the  fquare  of  the  difr 
tance  from  his  centre. 

8.  Take  off  the  ftring  E from  the  wheels  D and  H, 
and  let  the  ftring  F remain  upon  the  wheels  D and  G 5 
take  away  alfo  the  bearer  MX  from  the  Whirling- 
boai-d  J,  and  inftead  of  it  put  on  the  machine  AB 
(fig.  2),  fixing  it  to  the  centre  of  the  board  by  the 
pins  c and  d,  fo  that  the  end  ef  may  rife  above  the 
board  to  an  angle  of  30  or  40  degrees.  On  the  upper 
part  of  this  machine,  there  are  two  glafs  tubes  a and  b, 
clofe  ftopped  at  both  ends,  each  tube  being  about  three 
quarters  full  of  water.  In  the  tube  « is  a little  quick- 
filver,  which  naturally  falls  down  to  the  end  a in  the 
water  ; and  in  the  tube  h is  a fmall  cork,  floating  on 
the  top  of  the  water,  and  fmall  enough  to  rife  or  fall 
in  the  tube.  While  the  board  b with  this  machine 
upon  it  continues  at  reft,  the  quickfilver  He's  at  the 
bottom  ofThe  tube  a,  and  the  cork  floats  on  the  water 
near  the  top  of  the  tube  b.  But,  upon  turning  the 
winch  and  moving  the  machine,  the  contents  of  each 
tube  fly  off  towards  the  uppermoft  ends,  wLich  are 
fartheft  from  the  centre  of  motion  ; the  heavieft  with 
the  greateft  force.  Confequently,  the  quickfilver^  in 
the  "tube  a will  fiy  off  quite  to  the  end  /,  occupying 
its  bulk  of  fpace,  and  excluding  the  water,  which  is 
lighter  than  itfelf : but  the  v/ater  in  the  tube  h,  flying 
off  to  its  higher  end  r,  will  exclude  the  cork  from 
that  place,  and  caufe  it  to  defeend  toward  the  loweft 
end  of  the  tube  ; for  the  heavier  body,  having  the 
greater  centrifugal  force,  will  poffefs  the  upper  part  of 
the  tube,  and  the  lighter  body  will  keep  between  the 
heavier  and  the  lower  part. 

This  experiment  demonftrates  the  abrurdity  of  the 
Cartefian  dotlrine  of  vortices ; for,  if  a planet  be 
more  denfe  or  heavy  than  its  bulk  of  the  vortex,  it 
‘will  fly  off  in  it  farther  and  farther  from  the  fun  ; if 
lefs  denfe,  it  will  come  dov\n  to  the  loweft  part  of  the 
vortex,  at  the  fun  : and  the  whole  vortex  itfelf,  unlels 
prevented  by  feme  obftacle,  would  fly  quite  off,  to- 
gether with  the  planets. 

9.  If  a body  be-  fo  placed  upon  the  Whirling-board 
of  the  machine  (fig.  i.)  that  the  centre  of  gravity,  of 
the  body  be  direftly  over  the  centre  of  the  board,  and 
the  board  be  moved  ever  fo  rapidly  by  the  winch  B,  the 
body  will  turn  round  with  the  board,  without  remov- 
ing from  its  middle  ; for,  as  all  parts  of  the  body  are 
in  equillbrlo  round  its  centre  of  gravity,  and  the  centre 
of  gravity  is  at  reft  in  the  centre  of  motion,  the  cen- 
trifugal force  of  all  parts  of  the  body  vvill  be  equal  at 
equal  diftances  from  its  centre  of  motion,  and  therefore 
the  body  will  remain  in  its  place.  But  if  the  centre 
of  gravity  be  placed  ever  fo  little  out  of  the  centre 
of  motion,  and  the  machine  be  turned  fvviftly  round, 
the  body  will  fly  off  towards  that  fide  of  the  board  on 
which  its  centre  of  gravity  lies.  Then  if  the  wire  C 
(flg'  3)  with  its  little  ball  B be  taken  away  from  the 
femi-globe  A,  and  the  flat  iide  j'  of  the  femiglobe  be 
laid  upon  the  Whirling-board,  fo  that  their  centres 
may  coincide  ; if  then  the  board  be  turned  ever  fo 
quickly  by  the  winch,  the  femi-globe  will  remain 
where  it  was  placed  ; but  if  the  wire  C be  fcrew'cd 
into  the  femi-globe  at  r/,  the  wdiole  becomes  one  body, 
whofe  centre  of  gravity  is  at  or  near  d.  Fix  the 
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m the  centre  of  the  Whirling-board,  and  let  the  deep 
groove  h cut  in  the  flat  fide  of  the  femi-globe  be  put 
upon  the  pin,  fo  that  the  pin  may  be  in  the  centre 
of  A (fee  fig.  4)  where  the  groove  is  to  be  reprefented 
at  a,  and  let  the  board  be  turned  by  the  winch,  which 
will  carry  the  little  ball  B (fig.  3)  with  its  wire  C,  and 
the  femi-globe  A,  round  the  ce-ntre-pin  ci\  and  then, 
the  centrifugal  force  of  the  little  ball  B,  weighing  one 
ounce,  will  be  fo  great  as  to  draw  off  the  femi-globe  A, 
weighing  two  pounds,  until  the  end  of  the  groove  at  c 
ilrikes  againll  the  pin  r,  and  fo  prevents  A from  going 
any  farther : otherwlfe,  the  centrifugal  force  of  B 
would  have  been  great  enough  to  have  carried  A.cpaite 
off  the  whiriing-board.  Kence  wc  fee  that,  if  the  fun 
were  placed  in  the  centre  of  the  orbits  of  tlie  plaiicts, 
it  could  not  poffibly  remain  there  ; for  the  centrifugal 
forces  of  the  planets  would  carry  them  quite  off,  and 
the  fun  with  them  ; efpecially  wh.en  feveral  of  them 
happened  to  be  in  one  quarter  of  the  heavens.  For  the 
fun  and  planets  are  as  much  connected  by  the  mutual 
attradlion  fubfifling  between  them,  as  the  bodies  A 
and  B are  by  the  wire  C fixed  into  them  both.  And 
even  if  there  were  but  one  planet  in  the  whole  heavens 
to  go  round  ever  fo  large  a fun  in  the  centre  of  its  orbit, 
its  centrifugal  force  would  foon  carry  off  both  itfelf  and 
the  fun  : for  the  greatefl  body  placed  in  any  part  of 
free  fpace  could  be  eafily  moved  ; becaufe,  if  there 
were  no  other  body  to  attradd  it,  it  v\ouId  have  no 
weight  or  gravity  of  itfelf,  and  confequently,  though 
it  could  have  no  tendency  of  itfelf  to  remove  from  that 
part  of  fpace,  yet  It  might  be  very  eafily  moved  by 
any  other  fubftance. 

10.  As  the  centrifugal  force  of  the  light  body  B 
will  not  allow  the  heavy  body  A to  remain  in  the 
centre  of  motion,  even  though  it  be  24  times  as  heavy 
as  B ; let  the  ball  A (fig.  5)  weighing  6 ounces  be  con- 
nedfed  by  the  wire  C with  the  ball  B,  weighing  one 
ounce,  and  let  the  fork  E be  fixed  into  the  centre  of 
the  Whirling-board  ; then,  hang  the  balls  upon  the 
fork. by  the  wire  C in  fuch  a manner  that  they  may 
exadfly  balance  each  other,  which  will  be  when 
the  centre  of  gravity  between  them,  in  the  wire 
at  e/,  is  fupported  by  the  fork.  And  this  centre  of 
gravity  is  as  much  nearer  to  the  centre  of  the  ball  A 
than  to  the  centre  B,  as  A is  heavier  than  E ; allow- 
ing for  the  weight  of  the  wire  on  each  fide  of  the 
fork.  Then,  let  the  machine  be  moved,  and  the  balls 
A and  B will  go  round  their  common  centre  of  gra- 
vity e/,  keeping  their  balance,  becaufe  either  will  not 
allow  the  other  to  fly  off  with  it.  For,  fuppofing 
the  ball  B to  be  only  one  ounce  in  weight,  and  the  ball 
A to  be  fix  ounces  ; then,  if  the  wire  C were  equally 
heavy  on  each  fide  of  the  fork,  the  centre  of  gravity  J 
would  be  6 limes  as  far  from  the  centre  of  B as  from 
the  centre  of  A,  and  ccnrequcntly  B will  revolve  with 
a vtiocity  6 times  as  great  as  A does;  which  will  give 
B 6 times  as  much  centrifugal  force  as  any  fingle  ounce 
of  A ; but  then  as  B is  only  one  ounce,  and  A 
fix  ounces,  tnc  whole  centrifugal  force  of  A will  cx- 
adtly  balance  tliat  of  B ; and  therefore,  each  body 
will  detain  the  otlier.  fo  as  to  make  it  keep  in  its 
circle. 

Hence  it  appears,  that  the  fun  and  planets  mnfl;  all 
xnove  round  tiic'common  centre  of  gravity  of  the  whole 
VoL.  II. 


fyftcm,  in  order  to  preferve  that  jufl:  balance  whick 
takes  place  among  them. 

1 1.  Take  away  the  forks  and  balls  from  the  Whirl- 
ing-board, and  place  the  trough  AB  (fig.  6)  thereon, 
fixing  its  centre  to  that  of  the  board  by  the  pin  H.  In 
this  trough  are  two  balls  1)  and  E of  unequal  weights, 
conueefed  by  a wire  J]  and  made  to  Aide  eaiily  upon  the 
. wire  firetebed  from  end  to  end  of  the  trough,  and  made 
fail  by  nut  ferew's  on  the  oiitiide  of  the  ends.  Place 
thefe  balls  on  the  wire  c,  fo  that  their  common  centre 
of^  gravity  may  be  directly  over  the  centie  of  the 
AV  hirhng- board,  Bhen,  turn  the  machine  by  the  wincli 
ever  fo  fwiftlyq  and  the  trough  and  balls  will  go  round 
their  centre  of  gravity,  fo  as  neither  of  them  will  fly 
off ; becaufe,  on  account  of  the  ecjuihbriutn,  each  ball 
detains  the  other  with  an  equal  force  adling  againfl:  it. 
But  if  the  ball  E be  drawn  a little  more  towards  the 
end  of  the  trough  at  A,  it  wu’Il  remove  the  centre  of 
gravity'  towards  that  end  from  the  centre  of  mo- 
tion ; and  then,  upon  turning  the  machine,  the 
little  ball  E will  fly  off,  and  llrike  with  a conlidcrable 
force  againfl  the  end  A,  and  draw^  the  great  ball  B 
into  the  middle  of  the  trough.  Or,  if  the  great  ball 
D be  drawn  towards  the  end  B of  the  trough,  fo  that 
the  centre  of  gravity  may  be  a little  towards  that  end 
from  tlie  centie  of  motion  ; and  the  machine  be  turned 
by  the  winch,  the  great  ball  D will  fly  off,  and  ffrike 
violently  againfl  the  end  B of  the  trough,  and  will  bring 
the  little  ball  E into  the  middle  of  it.  If  the  trough  be 
not  made  very'  flrong,  the  ball  II  will  break  through  it. 

12.  Mr.  Fergufon  has  explained  the  reafon  why 
the  tides  rife  at  the  fame  time  on  oppofite  fides  of  the 
earth,  and  confequently  in  oppofite  directions,  by  the 
following  new  experiment  on  the  Whirling-table.  For 
this  purpofe,  let  h c il  (fig.  7)  reprefent  the  earth, 
wnth  its  fide  turned  toward  the  moon,  which  will  then 
attract  the  water  fo  as  to  raife  them  fi  om  c to  ^ : and 
ill  order  to  ihew  tliat  they  will  rile  as  high  at  the  fame 
time  on  tlie  oppofite  fide  from  a to  ^ ; let  a plate  AB 
(fig.  8)  be  fixed  upon  one  end  of  the  flat  bar  DC, 
with  fuch  a circle  drawn  upon  it  as  abed  (fig.  7)  to 
reprefent  the  round  figure  of  tlie  earth  and  fea  ; and  an 
ellipfe  as  ef gh  to  reprefent  the  fvvelling  of  the  tide  at 
c and  g,  occafioned  by  the  Influence  of  the  moon. 
Over  this  plate  AB  fufpend  the  three  ivory  balls 
^ ^ ^ ^ I c lines  i,  faflened  to  the  tops 

of  the  wires  H,  I,  K,  fo  that  the  ball  at  e may  hang 
freely  over  the  fide  of  the  circle  e,  which  is  fartheff 
from  the  moon  M at  the  otlier  end  of  the  bar  ; the  ball 
at  f over  the  centre,  and  the  ball  at  « over  the  fide  of 
the  circle  which  is  ncartfl:  the  moon.  The  ball  f 
may  reprcFnt  the  centre  of  the  earth,  the  ball  g water 
on  the  fide  next  tlie  moon,  and  the  ball  e water  on  the 
oppofite  fide.  Cn  the  back  of  the  moon  M is  fixed 
a fliort  bar  N parallel  to  the  horizon,  and  there  are 
three  holes  in  it  above  the  little  weights  7,  r.  A 
filkcnjlhread  0 is  tied  to  the  line  k clofe  above  the 
ball  g^  and  pafiing  by  one  fide  of  the  moon  M goes 
through  a hole  in  tlie  bar  N,  and  has  the  weight  p 
hung  to  it.  Such  another  thread  m Is  tied  to  the  line 
clofe  above  the  ball/,  and,  palling  through  the  cen- 
tre of  the  moon  iVi  and  middle  of  the  bar  N,  has 
the  weight  q hung  to  it  which  is  lighter  than  the 
weigjit  p,  A third  thread  m is  tied  to  the  line  h.  clofe 
4 above 
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a'  ove  the  ball  and,  pafTing  by  the  other  fide,  of  the 
rroon  M ihtoiigh  the  bar  N,  has  the  weighty  r hung  to 
it,  which  is  lighter  than  the  weight  y.  i he  ufe  of 
thcfe  three  unequal  weights  is  to  reprefent  the  moon’^ 
unequal  attrafliou  at  different  dillances  from  her  ; fo 
that' if  they  are  left'  at  liberty,  they  will  draw  aU  the 
three  bails  towards  the  moon  wdth  different  degrees 
of  force,  and  caufe  them  to  appear  as  in  fig.  9? 
which  cafe  they  are  evidently  farther  from  each  otiier 
than  if  they  hung  freely  by  the  perpendicular  lines  Ij,  k. 
Hence  it  appears,  that  as  the  moon  altradls  the  fide 
of  the  earth  which  is  ncareil  her  with  a greater  degree 
of  foice  than  (I'edoes  the  centre  of  tlie  earth,  die  wdll 
draw  the  water  on  that  hde  more  than  the  centre,  and 
caufe  it  to  rife  on  that  fide  : and  as  Pne  draws  the  centre 
more  than  the  oppolite  fide,  the  centre  will  recede 
fartlier  from  the  furface  of  the  water  on  that  op- 
poiite  fide,  and  leave  it  as  high  there  as  Pie  railed 
ft  on  the  Pde  next  her.  For,  as  the  centre  will  be 
in  the  middle  betw'cen  the  tops  of  the  oppofite  ckva- 
tions,  tliey  iriuP  of  courfe  be  equally  high  on  both 
iiJes  at  the  lame  time, 

Kowever,  upon  this  fuppofitlon,  the  earth  and  moon 
would  foon  come  together  ; and  this  would  be  the  cafe 
if  they  had  not  a motion  round  their  common  centre  of 
gravity,  to  produce  a degree  of  centrifugal  force,  fuffi- 
cient  to  balance  their  mutual  attradiion.  Such  motion 
they  have  ; for  as  the  moon  revolves  in  her  orbit  every 
month,  at  the  diPance  of  240000  miles  from  the 
earth’s  centre,  and  of  2 340CO  miles  from  the  centre  of 
gravity  of  the  earth  and  moon,  the  earth  aifo  goes 
round  the  fame  centre  of  gravity  every  month  at  the 
dillance  of  6000  miles  from  it,  i.'  c.  fi'om  it  to  the 
centre  of  the  earth.  But  the  diameter  of  the  earth 
being,  in  round  numbers,  8oco  miles,  its  Pde  next  the 
moon  is  only  2000  miles  from  the  common  centre  of 
gravity  of  the  earth  and  moon,  its  centre  6coo  miles 
from  it,  and  its  fartheft  Pde  from  the  moon  10000  miles. 
Confcquently  the  centrifugal-forccs  of  thefe  parts  are 
as  2000,  6coo,  and  10000;  i.  e.  the  centrifugal  force 
of  any  Pde  of  the  earth,  when  it  is  turned  from  the 
moon,  is  Pve  times  as  great  as  wdien  it  is  turned  towmrd 
the  moon.  And  as  the  moon’s  attradlion,  exprePed  by 
the  number  6000  at  the  earth's  centre,  keeps  the  earth 
from  dying  out  of  this  monthly  circle,  it  muft  be  great- 
er than  the  centrifugal  force  of  the  waters  on  the  Pde 
uex-t  her  and  confequently,  her  greater  degree  of  at- 
tradlion  on  that  Pde  is  fuihcient  to  raife  tliem  ; but  as 
her  attradlion  on  the  oppofite  fide  is.  lefs  than  the  cen- 
trifugal force  of  the  wa.ter  there,  the  excefs  of  this.' 
force  is  fufficient  to  raife  the  water  juft  as  high  on  the 
oppoPte  Pde. 

To  prove  this  experimentally,  let  the  bar  DC  wniK 
its  furniture  be  Pxed  on  the  ^Whirling-board  of  the 
machine  (Pg»  i*)  by  pufliing  the  pin  P into  the  centre 
of  the  board  ; which  pin  is  in  the  centre  of  gravity  of 
the  wTole  bar  withdts  three  ballsA, /,  g,  and  moon  M. 
Now  if  the  Whirling-board  and  bar  be  turned  Powly 
round  by  the  wdneh,  till  the  ball  y*  hangs  over  the 
centre  of  the  circle,  as  in  fig.  10,  the  ball  g will  be 
kept  towards  the  moon  by  the  heavieft  weight  p 
(pg.  8),  and  the  ball  e,  on  account  of  its  greater  centri- 
fugal force,  and  the  lefs  weight  r,  will  fly  off  as  far  to 
the  other  fide,  as  in  fig.  lO.  And  thus,  whilft  the 


machine  is  kept  turning,  the  balls  e and  g wu’ll  hang 
over  the  ends  of  the  ellipfe //>^.  So  that  the  centri- 
fugal  force  of  the  ball  e will  exceed  the  moon’s  attrac- 
tion juft  as  much  as  her  altradion  exceeds  the  centri- 
fugal  force  of  the  ball  whilP  her  attraction  juft  ba- 
lances the  centrifugal  force  of  the  ball  /,  and  makes 
it  keep  in  its  circle.  Hence  it  is  evident,  that  the 
tides  muft  rife  to  equal  heights  at  the  fame  time  on 
oppoPte  Pdes  of  the  earth,  bee  Fergufon’s  LeAures  on 
Mechanics,  ledl.  2,  and  Defag.  Ex.  Phil.  vol.  I,  ledl. 

WHIRLWIND,  a wind  that  rifes  fuddenly,  is 
exceedingly  rapid  and  impetuous,  in  a Whirling  di- 
redlion,  and  often  progreffively  alfo  ; but  it  is  com- 
monly foon  fpent. 

Dr.  Franklin,  in  his  PhyPcal  and  Meteorological 
Oblervations,  read  to  the  Royal  Society  in  fup- 

pofes  a Whirlw^ind  and  a waterfpoiit  to  proceed  from 
the  fame  canie  : their  only  difference  being,  that  the 
latter  paPes  over  the  water,  and  the  former  over  the 
land.  TIPs  opinion  is  corroborated  by  the  obferva- 
tions  of  M.  de  la  Pryme,  and  many  others,  who  have 
remarked  the  appearances  and  effedts  of  both  to  be  tne 
fame.  They  liave  both  a progreffive  as  well  as  a circu- 
lar motion  ; they  ufually  riR  after  calms  and  great 
heats,  and  moflly  happen  in  the  warmer  latitudp  :■ 
the  wind  blows  every  way  from  a large  furrounding 
fpace,  both  to  the  waterfpout  and  whirlwind  ; and  a, 
waterfpout  has,  by'"  its  progreffive  motion,  paPed  from 
the  fea  to  the  land,  and  produced  all  the  phenomena 
and  effedfs  of  a "Whirlwind  : fo  that  there  is  no  reafon 
to  doubt  that  they  are  meteors  arifing  from  the  fame 
general  caufe,  and  explicable  upon  the  fame  principles', 
furniPred  by  eleCtrical  experiments  and  difeoveries.  See- 
Hurricane,  and  Waterspout.  _ For  Dr.  Frank- 
lin’s ingenious  method  of  accounting  for  both  thefe 
phenomena,  fee  his  Letters  and  Papers,  &c,  vol.  1,^. 
p.  191,  2 1 6,  &c. 

WHISPERING-PW,  are  places  where  a WhlA 
per,  or  other  fmall  noife,  may  be  heard  from  one  part  to 
another,  to  a great  dillance.  They  depend  on  a 
principle,  that  the  voice,  &c,  being  applied  to  one  end 
of  an  arch,  eafily  paffes  by  repeated  refledtions  to.  the 
other,.  Thus, 


let  ABC  reprefent  the  fegment  of  a fphere  ; and  fup» 
pofe  a low  voice  uttered  at  A,  the  vibrations  extending 
themfelves  every  way,  feme  of  them  will  impinge  upo.a  ■ 
the  points  E,  E,  &c  ; and  thence  be  rePeAed  to  the 
points  F,  F,  &c  ; thence  to  G,  G,  &c ; till  at  laft 
they^  meet  in  C;  where  by  their  union  they  caufe  a 
much  ftionger  found  than  in  any  pan  of  the  fegment 

whatt'verj. 
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whatever,  even  louder  than-  at  the  point  from  whence 
they  fet  out.  Accordingly,  all  the  contrivance  in  a 
Whilpering-place  is,  that  near  the  perfoii  who  Whif- 
pers,  there  be  a fmooth  wall,  arched  either  cylindri- 
cally,  or  elliptically,  See.  A circular  arch  will  do,  but 
not  fo  well. 

Some  of  the  mod  remarkable  places  for  Whifpering, 
are  the  following  : viz,  The  prifon  of  Dionyfius  at 
Syracufe,  which  increafed  a foft  Whifper  to  a loud 
iioife  ; or  a clap  of  tire  hand  to  the  report  of  a cannon. 
Sec.  The  aqueducts  of  Claudius,  whicli  can  ied  a voice 
16  miles  : behde  divers  others  mentioned  by  Kircher  in 
bis  Phonurgia.  In  England,  the  moll  confiderable 
Whifpering  places  are,  the  dome  of  St.  Paul’s  clmrch, 
London,  where  tire  ticking  ot  a watch  may  be  heard 
from  fide  to  fide,  and  a very  foft  Whifper  may  be  fent 
all  round  the  dome  : this  l)r.  Derham  found  to  hold 
not  only  in  thegaller)’’  below,  but  above  upon  the  fcaf- 
fold,  where  a Whifper  would  be  canied  over  a perfon’s 
bead  round  the  top  of  thearcli,  though  there  be  a large 
opening  in  the  middle  of  it  into  the  upper  part  of  the 
eloir.e.  And  the  celebrated  Whifperlng-place  in  Glou- 
celter  cathedral,  winch  is  only  a gallery  above  the  eall 
end  of  the  chou',  leading  from  one  fide  of  it  to  the 
other.  See  Birch’s  Plift.  of  the  Royal  Soc,  vol.  i, 
pa.  120. 

WHISTON  (William),  an  Englifli  divine,  phl- 
lofopher,  and  mathematician,  of  uncommon  parts, 
learning,  and  extraordinary  charafler,  was  horn  the 
9th  of  December  1667,  at  Norton  in  the  county  of 
Leiceffer,  where  his  father  was  rector.  He  was  edu- 
cated under  his  father  till  he  was  17  years  of  age,  when 
he  was  fent  to  Tamworth  fchool,  and  two  vears  after  ad- 
mitted  of  Clare-hall,  Cambridge,  where  he  pnrfucd  his 
ftudles,  and  particularly  the  mathematics,  with  great  di- 
ligence. During  this  time  he  became  afilidled  with  a 
great  weaknefs  of  fight,  owing  to  clofe  fludy  in  a 
whitened  room  ; which  was  in  a good  meafure  relieved 
by  a little  relaxation  from  Rudy,  and  taking  off  the 
Prong  glare  of  light  by  hanging  the  place  oppofite  his 
feat  with  green. 

In  1693  he  was  made  mailer  of  arts  and  fellow  of  the 
college,  and  foon  after  commenced  one  of  the  tutors  ; 
but  his  ill  Rate  of  health  foon  after  obliged  him  to  re- 
linquifh  this  profefiion.  Having  entered  into  orders,  in 
1694  he  became  chaplain  to  Dr.  JMore,  bifliop  of  Nor- 
wich ; and  while  in  this  flatlon  he  publlfhed  his  firll 
work,  intitled,  yi?  Ne^zv  Theory  of  the  Earth  Cfc  ,*  in 
which  he  undertook  to  prove  that  the  Molaic  dodiine 
■of  the  earth  was  perfedly  agreeable  to  rcafon  and  phi- 
lofophy  : which  work,  having  much  ingenuity,  though 
it  was  vultten  againfl  by  Mr.  John  Kelli,  brouglit  con- 
fiderable  reputation  to  the  author. 

In  the  year  1698,  bifhop  Iilore  gave  him  tlie  liv- 
ing of  Lowelloff  in  f^uffolk,  v here  he  immediately’ 
went  to  relide*,  and  devoted  himfelf  with  great  dili- 
‘gence  to  the  difeharge  of  that  trull. — Til  the  beginning 
oi  this  century’  he  was  made  Sir  Ifaac  Newton’s  deputy, 
•and  afterwards  hie  luccelfor  in  the  Lucafian  profefibrlhip 
of  mathematics;  when  he  refigned  his  living  at  Lovve- 
iloff,  and  went  to  relide  at  Cambridge.  From  this  time 
•his  publications  became  very  lree]ucnt,  both  in  theology 
and  mathematics.  Thus,  In  1702  lie  publifiied,  A 
hurt  View  of,  the  Chronology  of  the  Old  Teflamciit, 


and  of  the  Harmony  of  the  four  Evangelills.— In  r^oy, 
PraletYiones  Pfironomica  ; befide  eight  Sermons  on  tlie' 
Accomplilliment  of  the  Scripture  Prophecies,  preached 
at  Boyle’s  ledure  ; and  Newton’s  Arithmetica  Uni- 
vcrfalis.-— In  1708,  Tacquet’s  Euclid,  with  felcdt  Theo- 
rems  of  Archimedes;  the  former  of  wliich  had  acci- 
dentally been  Ills  fu  ll  introdudion  to  the  feudy  of  the  ma- 
thematic? — In  the  fame  year  he  drew  up  an  Effay  upon 
the  Apoilolical  Conlditutions,  which  the  Vice  chancel- 
lor refuted  his  licence  for  printing.  The  author  tells 
us,  he  had  read  over  the  two  firll  centuries  of  the 
church,  and  found  that  the  Eufebian  or  Arian  dodrine 
was  chiefly  the  dodrine-of  thofe  ages,  which,  though 
deemed  heterodox,  he  thought  it  his  duty  to  difeover, 
— In  1709,  he  puhlillied  a volume  of  Sermons  and  Ef- 
fays  on  various  iubjeds. — In  1710,  Prielediones  Phy- 
fico-jMathematiem,  which  with  the  Proslediones  Allro- 
nomicai,  were  tranflated  and  piiblifhed  in  Englilh.  And 
it  mav  be  laid,  with  no  fmall  honour  to  the  memory  of 
Mr.  Whiflon,  that  he  was  one  of  the  firfl;  who  ex- 
plained the  Newtonian  philofoph.y  in  a popular  way,  fo 
as  to  be  Intelligible  to  the  generality  of-  readers. — 
Among  other  things  alfo,  he  tranflated  the  Apoilolical 
Conllitutions  Into  Englifli,  which  favoured  the  dodrine 
of  the  fupremacy  of  the  father  and  fubordination  of  tiie 
foil,  vulgarly  called  the  Arian  herefy  : Upon  which  his 
friends  began  to  be  alarmed  for  him  ; and  the  confe- 
quence  flicwed  it  was  not  groundlefs  ; for,  Oct.  30, 
1710,  lie  was  deprived  of  his  profeflbrflaip,  and  ex- 
pelled the  Liniverfity  of  Cambridge,  after  he  had  been 
formally  convened  and  interrogated  for  fome  days  toge- 
ther.— At  the  conclufion  of  this  year,  he  wrote  his  Hif- 
Mrical  preface,  afterwards  prefixed  to  his  Primitive 
Chriflianity  Revived,  containing  the  reafons  for  his  dif- 
fent  from  the  commonly  received  notions  of  the  Tri- 
nity, which  work  he  publilhed  the  next  year,  in  4 
volumes  8vo,  for  which  the  Convocation  fell  upon  him 
mod  vehemently. 

In  1713,  he  and  Mr.  Ditton  compofed  their  feheme 
for  finding  the  longitude,  which  they  publlfhed  the  year 
following,  a method  which  confifled  in  meafurlng  dif- 
tances  by  means  of  the  velocity  of  found  ; fome  more 
particulars  ot  which  are  related  in  the  life  of  Mr.  Dit- 
ton.— In  17  Jg,  lie  publifiied  an  ironical  liCtter  of 
Tliauks  to  doctor  Robinfon,  bifiiop  of  London,  for  hi^ 
late  l..ctter  to  his  clergy  againdthe  ufe  of  New  Forms 
of  Doxology.  And,  the  fame  year,  a Letter  to  the  earl 
ot  Nottingham,  Concerning  the  Eternity  of  the  Son  of 
God,  and  his  Holy  Spiiit. — In  1720,  he  was  propofed 
by  Sir  Flans  Sloane  and  Dr.  Halley  to  tlie  Royal  Society 
as  a member;  but  was  refufed  admittance  by  Sir  Ifaac 
Newton  the  prefident. 

Oil  Mr.  Whidon’s  expulfion  from  Cambridge,  het 
went  to  Loudon,  where  he  confeired  witli  Doftors 
Clarke,  Hoadly,  and  other  learned  men,  who  endea- 
voured to  modeiate  his  zeal,  which  however  he  would 
not  fuffer  to  be  tainted  or  corrupted,  and  many  were 
not  much  ratlsiied  with  the  audiority  of  thefe  conditu- 
tlons,  but  approved  his  integrity.  Mr.  Whiflon  now 
fettled  in  l^ondon  witli  his  family  ; where,  without 
fuflering  his  zeal  to  be  intimidated,  he  continued  to 
write,  and  to  projiagate  h’S  Primitive  CN'iflianity  with 
as  much  ardour  as  if  he  had  been  In  the  mod  floufidiing 
circunidances  i which  however  were  fo  bad,  that,  irj 
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a fubfcrlption  was  made  for  the  fupport  of  his 
family,  which  amounted  to  470I.  For  though  he  dvew 
fome  profits  from  reading  aftionomical  and  pniloiophi- 
cal  leclures,  and  alfo  from  his  publications,  which  vvere 
very  numerous,  yet  thefe  of  themfelves  were  very  infuf 
ficient  : nor,  when  joined  with  the  benevolence 


and 

charity  of  tliofe  who  loved  and  efteemed  him  for  his 
learning,  integrity,  and  piety,  did  they  prevent  his 
bemg  frequently  in  great  didrefs.  In  1722  he  pub- 
liihed  an  Eflay  towards  relloring  the  true  text  of  the 
Old  Tellament.  — in  1721,  The  Literal  Accomplifh- 
inent  of  Scripture  Prophecies. — AKo,  The  Calculation 
..of  Solar  Eclipfes  without  ParallaKCS, — In  1726,  Of 
the  Thundering  Legion  &c.-— In  1727,  A Collection 
ef  Authentic  Records  belonging  to  the  Old  and  New 
Tdiament. — In  1730,  Memoirs  of  the  Life  of  Dr. 
Samuel  Clarke.— In  1732,  A Vindication  of  the  Tef- 
timonc  of  Plilegon,  or  an  Account  of  the  Great  Dark- 
nefs  and  Earthquake  at  our  Saviour’s  Paffion,  deferibed 
by  Phlegon.—  In  1736,  Athanafian  Forgeries,  &c. 
And  the  Primitive  Eucharifl  revived.— In  1737,  Ttie 
Aftronornical  Year,  particularly  of  the  Comet  foretold 
by  Sir  Ifaac  Newton. — Alio  the  Genuine  Works  of 
Flavius  Jofepiius. — In  1739,  Mr.  Wiiiilon  put  in  his 
claim  to  the  mathematical  profefforlhip  at  Cambridge, 
then  vacant  by  the  death  of  Dr.  Saimderfon,  in  a let- 
ter to  Dr.  Afhton,  the  mailer  of  Jefus-college  ; but  no 
regard  was  paid  to  It. — In  lyqq,  he  publifhed  his  Pri- 
mitive New  Teftament  in  Englifh,  — In  I74^> 
cred  Hiflory  of  the  Old  and  New  Teftament.  Alfo, 
Memoirs  of  his  own  Life  and  Writings,  which  are  very 
curious. 

Whifton  continued  many  years  a member  of  the 
eftiablifhed  church  ; but  at  length  forfook  it,  on  account 
of  the  reading  of  the  Athanafian  Creed,  and  went  over  to 
the  Baptifts;  which  happened  while  he  was  at  the 
houfe  of  Samuel  Barker,  Efq.  at  Lindon  in  Riitland- 
fhire,  who  had  married  his  daughter;  where  he  died, 
after  a week’s  illnefs,  the  22d  of  Augufl  1752,  at 
upwards  of  84  years  of  age. — We  have  mentioned  the 
principal  of  his  writings  in  the  foregoing  memoir  ; to 
which  may  be  added,  Chronological  Tables,  pubiiftied 
in  1750. 

The  charadler  of  this  confcientioiis  and  worthy  man 
has  been  attempted  by  two  very  able  perfonages,  who 
were  well  acquainted  with  him,  namely,  bifliop  Hare 
and  Mr.  Collins,  who  unite  in  giving  him  the  higheft 
applaufes,  for  his  integrity,  piety,  &c.— Mr.  VVhif- 
ton  left  fome  children  behind  him  ; among  them, 
Mr.  John  Whifton,  who  was  for  many  years  a very 
conftdcrable  bookfeller  in  London. 

WHITE,  one  of  the  colours  of  bodies.  Though 
White  cannot  properly  be  faid  to  one  colour,  but 
rather  a compofition  of  all  the  colours  together : for  New- 
ton has  demonftrated  that  bodies  only  appear  White  by 
Veflefting  all  the  kinds  of  coloured  rays  alike  ; and  that 
even  tlie  light  of  the  fun  is  only  White^  becaufe  it  con- 
jifts  of  all  colours  mixed  together. 

This  may  be  fnewn  mechanically  in  the  following 
manner:  Take  feven  parcels  of  coloured  fine. powders, 
the  fame  as  the  primary  colours  of  the  rainbow,  taking 
fuch  quantities  of  thefe  as  fhall  be  proportional  to  the 
refpedive  breadths  of  thefe  colours  in  the  rainbow, 
which  are  of  red  45  parts,  orange  27,  yellow  48,  green 


60,  blue  60,  indigo  40,  and  of  violet  So  ; then  mis, 
intimately  together  thefe  feven  parcels  of  powders,  and 
the  mixture  will  be  a pretty  White  colour  : and  this  is 
only  fimilar  to  the  uniting  the  prifmatic  colours  toge- 
ther again,  to  form  a V/hite  ray  or  pencil  of  light  of 
the  whole  of  them.  The  fame  thing  is  done  convenient- 
ly thus  : Let  the  flat  upper  furface  of  a top  be  divided 
into  360  equal  parts,  all  around  its  edge  ; then  divide 
the  fame  furface  into  feven  fedtors  in  the  proportion  of 
the  numbers  above,  by  feven  radii  or  lines  drawn  from  the 
centre  ; next  let  the  refpeftive  colours  be  painted  in  a 
lively  manner  on  thefe  fpaces,  but  fo  as  the  edge  or  each 
colour  may  be  made  nearly  like  the  colour  next  adjoin- 
ing, that  the  reparation  may  not  be  well  vaikinguKhed 
by  the  eye  ; then  if  the  top  be  made  to  fpin,  the  co- 
lours will  thus  feem  to  be  mixed  all  together,  and  the 
wdiole  furface  will  appear  of  a uniform  vvlritenefs  : and 
if  a large  round  black  ipot  be  painted  in  tlie  middle,  fo 
as  there  may  be  only  a broad  flat  ring  of  colours  around 
it,  the  experiment  will  iucceed  the  better.  See  New- 
ton’s Optics,  prop.  6,  book  1 ; and  Fergufon’s  Tradls, 
pa.  296. 

White  bodies  are  found  to  take  heat  flower  than 
black  ones  ; becaufe  the  latter  abforb  or  imbibe  rays  of 
all  kinds  and  colours,  and  the  former  refteT  them. 
Hence  it  is  that  black  paper  is  fooner  put  in  flame,  by 
a burning-glafs,  than  White  ; and  hence  alfo  black 
clothes,  hung  up  in  the  fun  by  the  dyers,  dry  fooner 
than  white  ones. 

WHITEHURST  (John),  an  ingenious  Englifli 
philofopher,  was  born  at  Congleton  in  the  county  of 
Chefkiie,  the  icth  of  April  1713,  being  the  fon  of  a 
clock  and  watch-maker  there.  Of  the  early  part  of  his. 
life  but  little  is  known  ; he  who  dies  at  an  advanced 
age,  leaving  few  behind  him  to  communicate  anecdotes 
of  his  youth.  On  his  quitting  fchool,  where  it  feems. 
the  education  he  received  was  very  defective,  he  was 
bred  by  his  father  to  his  own  profeffion,  in  which  he  foon 
gave  hopes  of  his  future  eminence. 

It  was  very  early  In  life  that,  from  his  vicinity  to 
the  many  ftupendous  phenomena  in  Derby  (hire,  which 
were  conftantly  prefented  to  his  obfervation,  his  atten- 
tion was  excited  to  enquire  into  the  various  caufes  of 
them. 

At  about  the  age  of  21,  his  eagernefs  after  new  ideas-, 
carried  him  to  Dublin,  having  heard  of  an  ingenious- 
piece  of  rnechanifm  in  that  city,  being  a clock  with, 
certain  curious  appendages,  which  he  was  very  delirous. 
of  feeing,  and  no  lefs  fo  of  converfing  with  the  maker*. 
On  his  arrival  however,  he  could  neither  procure  a. 
fight  of  the  former,  nor  draw  the  leaft  hint  from  the 
latter  concerning  it.  Thus  diiappointed,  he  fell  upon 
an  expedient  for  accomplllhlng  his  defign  ; and  accord-.- 
ingly  took  up  his  refidence  in  the  houfe  of  the  mechanicj , 
paying  the  more  liberally  for  his  board,  as  he  had  hopes 
from  thence  of  more  readily  obtaining  the  Indulgence, 
wdfhed  for.  He  was  accommodated  with  a room  diredlly* 
over  that  in  which  the  favourite  piece  was  kept  carefully 
locked  up  : and  he  had  not  long  to  wait  for  his  gratifi- 
cation : for  the  artift,  while  one  day  employed  in  ex- 
amining his  machine,  was  fuddenly  called  down  flairs ; 
which  the  young  enquirer  happening  to  overhear,  fottly 
flipped  into  the  room,  iofpeded  the  machine,  and,  pre- 
fently  fatisfying  himfelf  as  to  the  fecret  j efcaped  undif- 
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covered  to  bis  own  apartment.  His  end  thus  compafTed, 
he  fhordy  after  bid  the  artift  farewell,  and  returned  to 
his  father  in  England. 

About  two  or  three  years  after  his  return  from  Ire- 
land, he  left  Congleton,and  entered  intobuhnefs  for  him- 
felf  at  Derby,  where  he  foon  got  into  great  employment, 
and  diitinguiflied  hirnfelf  very  much  by  feveral  ingenious 
pieces  of  mechanifm,  both  in  his  own  regular  line  of  bu- 
linefs,  and  in  various  other  refpeCls,  as  in  the  conllruc- 
tion  of  curious  thermometers,  barometers,  and  other 
philofophical  inftrumcnts,  as  well  as  in  ingenious  con- 
trivances for  water- works,  and  the  ereblion  of  various 
larger  machines  : being  confulted  in  almoE  all  the  un- 
dertakings in  Derbyfliire,  and  in  the  neighbouring 
counties,  where  the  aid  of  fuperior  fleill,  in  mechanics, 
pneumatics,  and  hydraulics,  was  requilite. 

In  this  manner  his  time  \A  a3  fullv  and  iifefullv  cm- 
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ployed  in  the  country,  till,  in  17751  when  the  aCl 
palled  for  the  better  regulation  of  the  gold  coin,  he  was 
appointed  Hamper  of  the  money-weights ; an  olhce 
conferred  upon  him,  altogether  iinexpebledly,  and 
without  folicitatlon.  Upon  this  occafion  he  removed 
to  I.ondon,  where  he  fpent  the  remainder  ot  his  days, 
jn  the  conflant  habits  of  cultivating  iome  ufeful  parts  of 
philofophy  and  mechanifm.  And  here  too  his  lioufe  be- 
came the  conilant  refort  of  the  ingenious  and  feientihe 
at  large,  of  whatever  nation  or  rank,  and  this  to  fuch 
a degree,  as  very  often  to  impede  him  in  the  regular 
profecution  of  his  own  fpeculations. 

In  177B,  Mr.  Whitehurll  publifhed  his  Inquiry  into 
the  Original  State  and  Formation  of  the  Earth  ; of. 
which  a fecond  edition  appeared  in  1786,  confiderably 
enlarged  and  improved;  and  a third  in  1792.  This 
was  the  labour  of  many  years  ; and  the  numerous  in- 
veiligations  necelfary  to  its  completion,  were  in  them- 
felves  alfo  of  fo  untoward  a nature,  as  at  times,  though 
he  was  naturally  of  a ilrong  conllitiition,  not  a little  to 
prejudice  his  health.  When  lie  firft  entered  upon  this 
fpecies  of  refearch,  it  was  not  altogether  with  a view  to 
invelligate  the  formation  of  the  earth,  but  in  part  to 
obtain  fuch  a competent  knowledge  of  fubterraneous 
geography  as  might  become  fubfervient  to  the  purpofes 
of  human  life,  by  leading  mankind  to  the  difeovery  of 
many  valuable  fubllances  which  lie  concealed  in  the 
lower  regions  of  the  earth. 

IMay  the  13th,  177Q,  he  was  elected  and  admitted  a 
Fellow  of  the  Royal  Society.  He  w'as  alfo  a member 
of  fome  other  philofophical  focietles,  which  admitted 
him  of  their  refpeftive  bodies,  without  his  previous 
knowledge  ; but  fo  remote  was  he  from  any  thing  that 
might  favour  of  ollentation,  that  this  circumftance  was 
known  only  to  a very  few  of  his  moft  confidential 
friends.  Before  he  was  admitted  a member  of  the  Royal 
Society,  three  feveral  papers  of  his  had  been  inferted  In 
the  Philofophical  Tranlaftlons,  viz,  Thermomctrical 
Gbfervations  at  Derby,  in  vol.  57  ; An  Account  of  a 
Machine  for  raifing  Water,  at  Oulton,  In  CheOiIre,  In 
vol.  65  ; and  Experiments  on  Ignited  Subftances, 
vol.  66  ; which  three  papers  were  printed  afterwards  In 
the  colleftion  of  his  works  in  1792, 

In  1783  hemade  a fecond  vlfit  to  Ireland,  with  a view 
to  examine  the  Giant’s  Caufeway,  and  other  northern 
parts  of  that  illand,  which  he  found  to  be  chiefly  com- 
pofed  of  volcanic  matter  : an  account  and  reprefenta- 


tions  of  which  are  Inferted  In  the  latter  editions  of  his 
Inquiry.  During  this  excurfion,  he  erefted  an  engine, 
for  raifing  water  from  a well,  to  the  fummit  of  a hill, 
in  a bleaching  ground,  at  Tullidoi,  in  the  county  of 
Tyrone  : it  is  worked  bv  a current  of  water,  and  for 
its  utility  is  perhaps  unequalled  in  any  country. 

In  1787  he  publifhed.  An  Attempt  toward  obtaining' 
Invariable  Meafiues  of  Lenfftli,  Capacity,  and  Weight, 
from  the  Menfuration  of  Time.  His  plan  is,  to  ob- 
tain a meafure  of  the  greatell  Icngr.h  that  conveniency 
will  permit,  from  two  pendulums  whofe  vibrations  are 
In  the  ratio  of  2 to  i,  and  v/hofe  lengths  coincide  nearly 
with  the  Engliih  Handard  in  wdiole  numbers.  The 
numbers  which  he  has  chofen  fliew  much  ingenuity. 
Oa  a fuppofition  that  the  length  of  a feconds  pendulum,* 
in  the  latitude  of  London,  is  39!-  inches,  the  length  of 
one  vibrating  42  times  in  a minute,  mufl  be  80  inches  ; 
and  of  another  vibrating  84  times  in  a minute  mull  be 
20  inches  ; and  their  difference,  60  inches,  or  5 feet, 
is  his  ilandard  meafure.  By  the  experiments  however, 
the  difference  betw'^’^Jh  the  lengths  of  the  two  pendulum 
rods,  was  found  to  be  only  59*892  inches,  inflead  of 
60,  owing  to  the  error  in  the  affiimed  length  of  the  fe- 
conds pendulum,  39 1-  Inches  being  greater  than  the 
triitfi,  which  ought  to  be  39I  very  nearly.  By  this  ex- 
periiment,  Mr.  Wliitehurff  oiitalned  a faeff,  as  accurately 
as  may  be  In  a thing  of  this  nature,  viz,  the  difference 
between  the  lengths  of  two  pendulum  rods  whofe  vibra- 
tions are  known  ; a datum  from  wlience  may  be  de- 
tained, by  calculation,  the  true  lengths  of  pendulums, 
the  fpaces  through  which  heavy  bodies  fall  in  a given 
time,  and  many  other  particulars  relating  to  the  doc- 
trine of  gravitation,  the  figure  of  the  earth,  &c,  &c. 

Mr.  Whitehurll  had  been  at  times  fubjedl  to  llight 
attacks  of  the  gout,  and  he  had  for  feveral  years  felt 
hirnfelf  gradually  declining.  By  an  attack  of  tliat  difeafe 
in  his  ffomach,  after  a Hrugglc  of  two  or  three  months,  it' 
put  an  end  to  his  laborious  and  ufeful  life,  on  the  i8th 
of  February  1788,  in  the  75th  year  of  his  age,  at  his 
houfe  in  Bolt-court,  Fleet-llreet,  being  the  fame  Iionfe 
where  another  eminent  felf-taught  philofopher,  Mr. 
James  Fergufon,  had  Immediately  before  him  lived  and 
died. 

For  feveral  years  befoi'e  his  death,  Mr.  Whitehurll' 
had  been  at  times  occupied  In  arranging  and  complet- 
ing fome  papers,  for  a treatife  on  Chimneys,  Ven- 
tilation, and  Garden-ffoves  ; which  have  fince  been 
colledled  and  given  to  the  public,  by  Dr.  Wffllan,  in 

U94* 

Elowever  refpecffable  Mr.  Whitehurfl:  may  have  been 
in  mechanics,  and  thofe  parts  off  natural  fcicnce  which 
he  more  Immediately  cultivated,  he  was  of  Hill  higher 
account  with  his  acquaintance  and  friends  on  the  fcore 
of  his  moral  qualities.  I’o  fay  nothing  of  the  up- 
rlghtnefs  and  punbliiallty  of  his  dealings  in  all  tranfae- 
tions  relative  to  bufinefs  ; few  men  have  been  known  to 
poffefs  more  benevolent  affe6l;Ions  ‘ than  he,  or,  being 
poffeffed  of  fuch,  to  direbi  them  more  judicioufly  to 
their  proper  ends.  As  to  his  perfon,  he  was  above  the 
middle  ftature,  rather  thin  than  otherwife,  .and  of  a 
countenance  expreffive  at  once  of  penetration  and  mlld- 
nefs.  His  fine  gray  locks,  unpolluted  by  art,  gave  a ve- 
nerable air  to  his  whole  appearance.  In  drefs  he  was 
plain^  in  diet  temperate,  in  his  general  intercourfe  with 
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'narikind  eafy  and  obliging.  In  company  be  was  cheer- 
ful or  grave  alike,  according  to  the  didlate  of  the  occa- 
•fion  ; with  nowand  then  a peculiar  fpecles  of  humour 
•about  iiirn,  delivered  with  fuch  gravity  of  manner  and 
utterance,  that  thofe  who  knew  him  but  dightly  were 
apt  to  underiland  him  as  ferious,  when  he  was  merely 
playful.  But  where  any  defire  of  information  on  lub- 
jeets  in  which  he  was  converhmt  was  expreffed,  hie 
omitted  no  opportunity  of  imparting  it. 

WHITSUNDAY,  the  50th  day  or  fsventh  funday 
from  Ealter. — The  feafon  properly  called  Pentecoil,  is 
popularly  called  Wliitjuniule  ; becaufe,  it  is  faid,  in  the 
primitive  church,  the  newly  baptized  perfons  came  to 
church  between  Eailer  and  Pentecoil  in  ^cvh'itc  gar- 
ments. 

"lYlLKlNS  (Dr.  John),  a very  ingenious  and  learned 
En'dhh  bifliop  and  mathematician,  was  the  fon  of  a goid- 
fmirh  at  Oxford,  and  born  in  1614.  After  being  edu- 
cated in  Greek  and  Latin,  in  which  he  made  a very 
ejuick'progrefs,  he  was  entered  a iludent  of  New-Inn  in 
that  univerfity,  when  he  was  but  I,"  years  of  age  ; but 
after  a Ihort  Hay  there,  he  was  removed  to  Magdalen 
Hall  ; where  betook  his  degrees.  Having  entered  into 
holy  orders,  he  iirll  became  chaplain  to  Vv'illiam  Lord 
Say,  and  afterwards  to  Charles  Count  Palatine  of  the 
Rhine,  with  whom  he  continued  fome  time.  Adhering 
to  the  Parliament  during  the  civil  wars,  they  made  him 
warden  of  'Wadham  college  about  the  year  1648.  In 
2656  he  married  the  filler  of  Oliver  Cromwell,  then 
lord  proteblorof  England,  who  granted  him  a difpeii- 
fation  to  hold  his  wardenlhip,  notwithftanding  his  mar- 
riage. In  1 6^9)  he  was  by  Richard  Cromwell  made 
mailer  of  Trinity  college  in  Cambridge;  but  ejedled 
t-he  year  following,  upon  the  relloration.  He  w^as  then 
chofen  preacher  to  the  fociety  of  Gray’s  Inn,  and  rec- 
tor of  St.  Lawrence  Jewry,  London,  upon  the  promo- 
tion of  Dr.  Seth  Ward  to  the  biOioprick  of  Exeter. 
About  this  time  he  became  a member  of  the  Royal  S<)- 
clety,  was  chofen  of  their  council,  and  proved  one  of 
their  moll  eminent  members.  He  was  afterwards  made 
dean  of  Rippon,  and  in  1668  bilhop  of  Cheller ; but 
-died  of  the  iione  in  1672,  at  58  years  of  age. 

Bifhop  Wilkins  was  a man  who  thought  it  prudent  to 
fubmit  to  the  powers  in  being  ; he  therefore  fubfcribcd 
to  the  folemn  league  and  covenant,  while  it  w^as  en- 
forced ; and  was  equally  ready  to  fw^ear  allegiance  to 
king  Charles  w^lien  he  was  reftored  : this,  with  his  mo- 
derate fpirit  tow’ards  dilTenters,  rendered  him  not  very 
agreeable  to  the  churchmen  ; and  yet  feveral  of  them 
could  not  but  give  him  one  of  the  bed  of  charaders. 
Burnet  writes,  that  he  w^as  a man  of  as  great  a mind, 
as  true  a judgment,  as  eminent  virtues,  and  of  as  good  a 
foul,  as  any  he  ever  knewm  that  though  he  married 
Cromw^elPs  fifter,  yet  he  made  no  other  ufe  of  that  al- 
liance, but  to  do  good  offices,  and  to  cover  the  univer- 
hty  of  Oxford  from  the  fournefs  of  Owen  and  Good- 
win. At  Carrffiridge,  he  joined  with  thofe  wdip  fludied 
to  propagate  better  thoughts,  to  take  men  off  from 
being  in  parties,  or  from  narrow  notions,  from  fuper- 
flitious  conceits,  and  fiercenefs  about  opinions.  He 
was  al!o  a great  obferver  and  promoter  of  experimental 
philofophy,  which  was  then  a new  thing,  and  much 
IpoKed  after.  He  was  naturally  ambitious,  but  vras 
the  wifell  clergyman  I ever  knew.  He  was, a lover  of 


mankind,  and  had  a deliglit  In  doing  good.”  The 
fame  hiltorian  mentions  afterwards  another  quality 
which  Wilkins  pofTclfed  in  a fupreme  degree,  and  which 
it  was  well  for  him  he  did,  fince  he  had  great  occafion 
for  the  ule  of  it ; and  that  was,  fays  he,  “ a courage, 
■yduch  could  Hand  agaiidl  a current,  and  againll  all  the 
reproaches  with  which  ill-natured  clergymen  Etidied  to 
load  him.”  , 

Of  liis  publications,  which  are  all  of  them  very  inge- 
nious and  learned,  and  many  of  them  particularly  cu- 
rious and  entertaining,  the  (Irfl  was  in  1638,  when  he 
was  only  24  years  of  age,  viz,  The  Difeovery  of  a New 
World  *,  or,  A Difeourfe  to  prove,  that  it  is  probable 
there  may  be  anotlier  Habitable  World  in  the  Moon  ; 
with  a Difcouife  concerning  the  Poffibility  of  a Paffage 
thither.-— In  1640,  A Difeourfe  concerning  a New 
Planet,  tending  to  prove  that  it  is  probable  our  earth  is 
one  of  the  Planets.- — In  1641,  Mercury;  or,  the 
Secret  and  Swift  Meffinger  ; fnewiiig,  how  a man  may 
with  Privacy  and  Speed  communicate  bis  Thoughts 
to  a Friend  at  any  Diftance,  Svo. — In  1640,  Mathe- 
matical Magic  ; or,  the  Wonders  that  may  be  performed 
by  Mathematical  Geometry,  8vo,  All  thefe  pieces 
were  publifned  entire  in  one  volume  Svo,  in  1708,  un- 
der the  title  of,  The  Matliematical  and  Philofophical 
Works  of  the  right  rev.  Jolin  Wilkins,  &c  ; with  a 
print  of  the  author  and  general  title  page  handfomelr 
engraven,  and  an  account  of  his  life  and  writings.  To 
this  colledlion  is  alfo  fubjoined  an  abflrafl  of  a larger 
work,  printed  in  1668,  folio,  intitled,  An  Effay  to- 
wards a Real  Charadter  and  a Philofophical  I.anguage. 
Thefe  were  all  his  mathematical  and  pliilofophical 
works  ;''befide  which,  he  wrote  feveral  trails  in  theolo- 
gy, natural  religion,  and  civil  polity,  which  were  much 
efteemed  for  tlieir  piety  and  moderation,  and  went 
throup;h  feveral  editions. 

WINCH,  a popular  terra  for  a windlafs.  Alfo  the 
bent  handle  for  turning  round  wheels,  grind-flones, 
&c. 

WIND,  a current,  or  flream  of  air,  eipecially  when 
it  is  moved  by  fome  natural  caufe. 

Winds  are  denominated  from  the  point  of  the  com- 
pafs  or  horizon  they  blow  from  ; as  the  call  Wind, 
north  Wind,  fouth  Wind,  &:c. 

Winds  are  alfo  divided  into  feveral  kinds  ; as  general^ 
parlinilar^  perennial,  JlatecU  n'ar'ialle,  iffc. 

Conjlant  or  Perennial  Winds,  are  thofe  that  always 
blow  the  fame  way  ; Inch  as  the  remarkable  one  be- 
tween the  twx)  tropics,  blowing  conftantly  from  eafl  to 
welt,  called  alfo  tht  general  trade- Wind, 

Stated  or  Periodical  Winds,  are  thofe  that  con- 
flan  tly  return  at  certain  times.  Such  are  the  fea  and 
land  breezes,  blowing  from  land  to  fca  in  the  morning, 
and  from  fea  to  land  in  the  eveninof.  Such  alfo  are  the 
fhifting  or  particular  trade  Winds,  which  blow  one 
way  during  certain  months  of  the  year,  and  the  contra- 
ry way  the  reil  of  the  year. 

Variable  or  Erratic  Winds,  are  fuch  as  blow  with- 
out any  regularity  either  as  to  time,  place,  ordirebtion. 
Such  as  the  Winds  that  blow  in  the  interior  parts  of 
England,  &c  ; though  fome  of  thefe  claim  their  certain 
times  of  the  day  ; as,  the  north-Wind  is  mofl  frequent 
in  the  morning,  the  wefl-VAnd  about  noon,  and  the 
foiuh-Wind  inthe  nighu 
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Gefiera!  W is  fuch  as  blows  at  the  fame  time 
tbe  fame  way,  over  a very  large  tra6l  of  ground,  moil 
part  of  the  year  ; as  the  general  trade-Wind, 

Parlicular  W liiTiSi  include  all  others,  excepting  the 
general  trade  V/inds. 

Thofe  peculiar  to  one  little  canton  or  province,  are 
called  topical  or  provincial  Winds.  The  W inds  are  alfo 
divided,  with  refpedl  to  the  points  of  the  compafsor  of 
the  horizon,  into  cardinal  and  collateral. 

Cardinal  are  thofe  blowing  from  the  four 

Cardinal  points,  eaft,  weft,  north,  and  foiith. 

Winds,  are  the  intermediate  Winds  be- 
tween any  two  cardinal  Winds,  and  take  their  names 
from  the  point  of  the  compafs  or  horizon  they  blow 
from. 


. In  Navigation,  when  the  Wind  blows  gently,  it  is 
called  a breeze  ; when  it  blows  harder,  it  is  called  a 
gale,  or  a Jliff  gale ; and  when  it  blows  very  hard,  a 
Jlurm. 

For  a particular  account  of  the  trade-W  inds,  mon- 
foons,  fee  Philof.  Tranf.  number  183,  or  Abridg. 
vol.  2,  p.  133.  Alio  Robertfon’s  Navigation  book  5, 
fedl.  6. 

A Wind  blowing  from  the  fea,  is  always  moift  ; 
as  bringing  with  it  the  copious  evaporation  and  exhala- 
tions from  the  waters;  alfo,  in  fummer,  it  is  cool;  and 
in  winter  warm.  On  the  contrary,  a Wind  from  the 
continent,  is  always  dry  ; warm  in  fummer,  and  cold 
fn  winter.  Our  northerly  and  fputherly  Winds  how- 
ever, which  are  ufually  accounted  the  caufes  of  cold 
and  warm  weather.  Dr.  Derham  obferves,  are  really 
rather  the  eftedl  of  the  cold  or  warmth  of  the  atmo- 
fphere.  Hence  it  is  that  we  often  find  a warm  fontherlv 
W ind  fuddenly  change  to  the  north,  by  the  fall  of 
fnow  or  hail;  and  in  a cold  frofty  morning,  v\e  find 
the  Wind  north,  which  afterward  wheels  about  to  the 
foutherly  quarter,  when  the  fun  has  well  warmed  the 
air  ; and  again  in  the  cold  evening,  turns  northerly,  or 
eafterly. 

Phyjical  Caufe  of  Winds.  Some  phllofophers,  as 
D&fcartes,  Rohault,  &c,  account  for  the  general  Wind, 
from  the  diurnal  rotation  of  the  earth  ; and  from  this 
generaJ  Wind  tliey  derive  all  the  particular  ones.  Thus, 
as  the  earth  turns  eaftward,  the  pa' tides  of  the  air  near 
the  equator,  being  very  light,  are  left  behind  ; fo  that, 
in  refpedt  of  the  earth’s  furface,  they  move  we  ft  wards, 
and  become  a conftant  eafterly  wind,  as  they  are  found 
between  the  tropics,  in  thofe  parallels  of  latitude  where 
the  diurnal  motion  is  fwifteft.  But  yet,  againft  this 
liypothefis,  it  is  urged,  that  the  air,  being  kept  clofe 
to  the  earth  by  the  principle  of  gravity,  would  in  time 
acquire  the  fame  degree  of  velocity  that  the  earth’s 
furface  moves  with,  as  well  in  refpcdl  of  the  diurnal  ro- 
tation, as  of  the  annual  revolution  about  the  fun,  which 
is  about  30  times  fwifter. 

Dr.  Halley  therefore  fubftitutes  another  caufe,  ca- 
pable of  producing  a like  conftant  dFed,  not  liable  to 
the  fame  objedlons,  but  more  agreeable  to  the  known 
properties  of  the  elements  of  air  and  water,  and  the  laws 
of  the  miotion  of  fluid  bodies.  And  that  is  the  adion  of 
the  fun’s  beams,  as  he  paftes  everyday  over  the  air, 
earth,  and  water,  combined  with  the  fituation  of  the  ad- 
joining continents.  Thus,  the  air  which  is  lefs  rarefied 
©r  expanded  by  lie'at,,  mull  have  a motion  towards  thofe 


parts  which  are  more  rarefied,  and  lefs  ponderous,  t&' 
bring  the  whole  to  an  equilibrium  ; and  as  the  fun-' 
keeps  continually  ftrifting  to  the  weft  ward,,  the  ten- 
dency of  the  whole  body  of  the  lower  air  is  that  way. 
Thus  a general  eafterly  Wind  is  formed,  which  being 
impvefted  upon  the  air  of  a vaft  ocean,  the  parts  impel 
one  another,  and  fo  keep  moving  till  the  next  return  of 
the  inn,  by  which  fo  much  of  the  motion  as  was  loft,  is 
again  rellored  ; and  thus  the  eafterly  Vvund  is  made  per- 
petual. ■ But  as  the  air  towards  the  north  and  foutli  is 
lets  rarefied  than  in  the  middle,  it  follows  that  from 
both  lides  it  ought  to  tend  towards  the  equator. 

This  motion,  compounded  with  the  former  eafterly 
Wind,  accounts  for  all  the  phenomena  of  the  general 
trade- Winds,  which,  if  the  whole  furface  of  the  globe 
were  fea,  would  blow  quite  round  the  world,  as  they  are 
found  to  do  in  the  Atlantic  and  the  Ethiopic  oceans. 
But  the  large  continents  of  land  in  this  middle  tradt, 
being  cxceftively  heated,  communicate  their  heat  to  the 
air  above  tbenr,  by  which  it  is  exceedingly  ratefied,  vvliich 
makes  it  iieceftary  that  the  cooler  and  denferair  ftiould 
nifti  in  towards  it,  to  reftorethe  equilibrium.  This  is 
luppofed  to  be  tlie  caufe  why,  near  tlie  coalt  of  Guinea, 
the  wind  always  fets  in  upon  tiic  land,  blowing  wellerly-' 
inftead  of  eafterly. 

from  the  lame  caufe  it  happens,  that  there  are  fneh 
conftant  calms  in  that  part  of  the  ocean  called  the  rains  ; 
for  this  tradl  being  placed  in  the  middle,  between  the 
wefterly  Winds  blowing  on  the  coall  of  Guinea,  anti 
tlie  eallcily  trade-W' inds  blow’ing  to  the  weft  ward  of  it ; 
the  tendency  of  the  air  here  is  indifferent  to  either,  and 
fo  Hands  in  equiiibrio  between  both  ; and  the  weight  of 
the  incumbent  atmofphere  being  diminiftied  by  the  con- 
tinual contiary  Winds  blowing  from  hence,  is  the  rea- 
fon  tliat  the  air  here  retains  not  the  copious  vapour  it 
receives,  but  lets  it  fall  in  fo  frequent  rains. 

It  is  alfo  to  be  confidered,  that  to  the  northward  of 
the  I ndian  ocean  there  is  every  where  land,  within  the 
iifual  limits  of  the  latitude  of  30°,  viz,  Arabia,  Perfia, 
India,  &c,  which  are  fubjedl  to  exceffive^heats  when 
the  fun  is  to  the  north,  palling  rrearly  vertical  ; but 
which  are  temperate  enough  when  the  fun  is  removed 
towards  tlie  other  tropic,  becaufe  of  a ridge  of  moun- 
tains at  fome  diftance  within  the  land,  faid  to  be  often 
in  winter  covered  with  fnow,  over  which  the  air  as  it 
paftes  mull  needs  be  much  chilled.  Hence  it  happens 
that  the  air  coming,  according  to  the  general  rule,  out 
of  the  north-eaft,  to  the  Indian  fea,  is  fometimes  hot- 
ter, I'ometimes  colder,  than  that  which,  by  a circula- 
tion of  one  current  over  anothtr,  is  returned  out  of  the 
Ibuth-weft  ; and  confequently  fometimes  the  under  cur- 
rent, or  Wind,  is  from  the  norlh-taft,  fametimes- from 
the  foiith-wcll. 

That  this  has  no  other  caufe,  appears  from  the  times 
when  thefe  Winds  fet,  viz,  in  April  : when  the  fun  be- 
gins to  warm  thefe  countries  to  the  north,  the  fouth- 
weft  monfoons  begin,  and  blow  duiyng  the  heats  till 
Odloher,  when  the  fun  being  retired,  and  all  things 
growing  cooler  northward,  but  the  heat  increafing  to 
the  fouth,  the  north-eaft  Winds-  enter,  and  blow  all 
the  winter,  till  April  again.  And  it  is  doubtlefs  from 
the  fame  principle,  that  to  the  fouth  ward  of  the  equa* 
lor,  in  part  of  the  Indian  ocean,  the  north-weft  Winds 
fucceed  the  fouth-caft,  when  the  fun  draws  near  the 
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tiropic  of  Capricorn.  Philof.  Tranf.  iium.  183  ; or 
rAbridp;.  vol.  2,  pa.  193. 

But  fomc  philofophers,  not  fatlsfied  with  Dr.  Hah 
‘lev’s  theory  above  recited,  or  thinking  it  not  fufficient 
for  e;vplaining  the  various  phenomena  of  the  Wind,  have 
had  recourfe  to  another  caufe,  viz,  the  gravitation  of 
:thc  earth  and  its  atmofphere  towards  the  fun  and  moon, 
to  which  the  tides  are  confeflediy  owing.  They  al- 
lege that,  though  we  cannot  difcover  aerial  tides,  of 
ebb  or  flow,  by  means  of  the  barometer,  becaufe  co- 
lumns of  air  of  unequal  height,  but  different  denfity, 
may  liave  the  fame  prellurc  or  weight  ; yet  the  protu- 
berance in  the  atmofphere,  which  is  continually  fol- 
lowing the  moon,  mud,  fay  they,  occafion  a motion 
in  all  parts,  and  io  produce  a Wind  more  or  lefs  to  every 
place,  winch  confpiring  with,  or  being  counteradfed  by 
the  Winds  ariling  from  other  caufes,  makes  them 
greater  or  lefs.  Several  diilertations  to  this  purpole 
■were  publifned,  on  occafion  of  the  fubjedf  py|!|,>ofed  by 
the  Academy  of  Sciences  at  Berlin,  for  the  year  1746. 
Tut  Mulfchenbroek  will  not  allow  that  the  attraction 
of  the  moon  is  the  caufe  of  the  general  Wind  ; becaufe 
the  call  Wind  does  not  follow  the  motion  of  the  moon 
about  the  earth  ; for  in  that  cafe  there  would  be  more 
ithan  24  changes,  to  which  it  would  be  fubjedt  in  the 
courfe  of  a year,  inilead  of  two.  Introd.  ad  Phil. 
Nat.  vol.  2,  pa.  1102. 

And  Mr.  Henry  Eeles,  conceiving  that  the  rarefac- 
itlon  of  the  air  by  the  fun  cannot  fimply  be  the  caufe  of 
all  the  regular  and  irregular  motions  wdilch  we  find  in 
■the  atmolphere,  aferibes  them  to  another  caufe,  viz, 
the  afeent  and  defeent  of  vapour  and  exhalation,  at- 
tended by  the  eledfrical  fire  or  fluid  ; and  on  this 
principle  he  has  endeavoured  to  explain  at  large  the  ge- 
neral phenomena  of  the  weather  and  barometer.  Philof. 
'Tranl.  vol,  49,,  pa.  tzu.. 

Lmvs  of  the  Proeliid'wn  g/'WiND. 

The  chief  laws  concerning  the  produdfion  of  Wind, 
may  becoliedled  under  the  following  heads. 

J,  If  the  fpring  of  the  air  be  weakened  in  any  place 
more  than  In  the  adjoining  places,  a Wind  will  blow 
• tlirough  the  place  where  the  diminution  is  ; becauie  tr.e 
iefs  elaillc  or  forcible  will  give  way  to  that  w’hich  is  more 
fo,  and  thence  induce  a current  of  air  into  that  place, 
or  a Wind,  iienee,  becaufe  the  fpring  of  the  air  in- 
■cneafi^s,  as  the  comprefiing  weight  increafes,  and  com- 
prcffcd  air  is  denfer  than  that  which  is  lefs  comprefled  ; 
ail  Winds  blo  w into  rarer  air,  out  of  a place  filled  with 
a denfer, 

2.  Therefore,  becaufe  a denfer  air  is  fpecifically  hea- 
vier than  a rarer;  an  extraordinary  lightnefs  of  the  air 
in  any  place  mull  be  attended  with  extraordinmy 
Winds,  or  fiorms.  Now,  an  extraordinary  fall  of  tiie 
mercury  in  the  barometer  fhewing  an  extraordinary 
lightnefs  of  the  atmofphere,  it  is  no  wonder  if  that 
foretels  florins  of  Wind  and  rain. 

3.  If  the  air  be  fuddenly  condenfed  in  any  place,  its 
fpring  will  be  fuddenly  diminifhed  ; and  hence,  if  this 
diminution  be  great  enough  to  affedt  the  barometer,  a 
Wind  will  blow  through  the  condenfed  air.  But  fince 
4:he  air  cannot  be  fuddenly  condenfed,  unlels  ir  has  be- 
fore been  much  rarehed,  a Wind  will  blow  through  the 
air,  as  it  cools,  after  having  been  violeiiliy  healed. 


4.  In  like  manner,  If  air  be  fuddenly  rarefied,  its  fpring 
is  fuddenly  increafed  ; and  it  will  therefore  flow  through 
the  air  not  added  (!)n  by  the  rarefying  force.  Hence  a 
Wind  will  blow  out  of  a place,  in  which  the  air  is  fudden- 
ly rarefied ; and  on  this  principle  probably  It  is,  that 
the  fun,  by  rarefying  the  air,  muft  have  a great  influ- 
ence on  the  produdflon  of  Winds: 

5.  Moll  caves  are  found  to  emit  Wind,  either  more 
or  lefs.  Mulfchenbroek  has  enumerated  a variety  of 
caufes  that  produce  Wnnds,  exifting  in  the  bowels  of 
the  earth,  on  its  furface,  in  the  atmofphere,  and  above 
it.  See  Introd.  ad  Phil.  Nat.  vol.  2,  pa.  1116. 

6.  The  rifing  and  changing  of  the  Winds  are  deter- 
mined by  weathercocks,  placed  on  the  tops  of  high 
buildings.  See.  But  thefe  only  indicate  what  pafles 
about  their  own  height,  or  near  the  furface  of  the 
earth.  And  Wolfius  afllires  us,  from  obfervations  of 
fevcral  years,  that  the  higher  Winds,  which  drive  the 
clouds,  are  different  from  the  lower  ones,  which  move 
the  weathercocks.  Indeed  it  is  no  uncommon  thing  to 
fee  one  tier  of  clouds  driven  one  way  by  a Wind,  and 
another  tier  juft  over  the  former  driven  the  contrary 
way,  by  another  current  of  air,  and  that  often  with 
very  different  velocities.  And  the  late  experiments 
with  air  balloons  have  proved  the  frequent  exiflence  of 
counter  Winds,  or  currents  of  air,  even  when  it  was 
not  otherwife  vifible,  nor  at  all  expected  ; by  which 
they  have  been  found  to  take  very  different  and  unex- 
pected courfes,  as  they  have  afeended  higher  and  higher 
in  the  atmofphere. 

La'zbs  of  the  Force  and  Velocity  of  the  W inb. 

Wind  being  only  air  in  motion,  and  the  motion  of  a 
fluid  agalnfl  a body  at  reft,  creating  the  fame  refiftance 
as  when  the  body  moves  with  the  fame  velocity  through 
the  fluid  at  reft  ; it  follows,  that  the  force  of  the  Wind, 
and  the  laws  of  its  aCtion  upon  bodies,  maybe  referred 
to  thofe  of  their  refiftance  when  moved  through  it ; and 
as  thefe  circumifances  have  been  treated  pretty  fully 
under  the  article  Resistaxce  of  the  Air,  there  is  no 
occafion  here  to  make  a repetition  of  them.  We  there 
laid  down  both  the  quantity  and  laws  of  fuch  a force, 
upon  bodies  of  different  ikapes  and  fizes,  moving  with  all 
degrees  of  velocity  up  to  2000  feet  per  fecond,  and  alio 
for  planes  fet  at  all  degrees  of  obliquity,  or  inclination 
to  the  direCftion  of  motion  ; all  which  circumftances 
having,  for  tne  firft  time,  been  determined  by  real  ex- 
periments. 

yls  to  the  Velocity  of  the  JVind : philofophers  have  made 
ule  of  various  methods  for  determining  it.  The  method 
employed  by  Dr.  Derham,  was  by  letting  light  downy 
feathers  fly  in  tlie  air,  and  nicely  obferving  the  diftance 
to  which  they  were  carried  in  any  number  of  half  fe- 
conds.  He  fliys  that  he  thus  meafured  the  velocity  of 
the  Wind  in  the  great  ftorm  of  Auguft  1105,  which  he 
found  , moved  at  the  rate  of  33  feet  in  half  a fecond,  or 
43  miles  per  hour  : whence  he  concludes,  that  the 
moft  vehement  Wind  does  not  fly  at  the  rate  of  above 
30  or  60  iniies  an  hour  ; and  that  at  a medium  the  ve- 
locity of  Wind  Is  at  the  rate  of  i 2 or  15  miles  per  hour. 
Philof.  Tranf.  number  3 1 3,  or  Abridg.  vol.  4,  p.  4i_i* 

Mr.  Brice  ubferves  how^ever,  that  experiments  with 

feathers  are  liable  to  much  uncertainty as  iliey  hardly 
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ever  0^0  forward  ih  a flraiglit  diredlfon,  but  fpirally,  or 
elfe  irregularly  from  fide  to  fide,  or  up  and  down. 

He  therefore  confiders  the  motion  of  a cloud,  by- 
means  of  its  iliadovv  over  the  fnrface  of  the  earth,  as  a 
much  more  accurate  mcafure  of  the  velocity  of  the 
AVind.  In  this  way  he  found  that  the  Wind,  inacon- 
(iderable  ftorm,  moved  at  the  rate  of  near  63  miles 
an  hour  ; and  when  it  blew  a freOi  gale,  at  the  rate  of 
21  miles  per  hour  5 and  in  a fmall  breeze  it  was  near 
10  miles  an  hour.  Philof.  Tranf.  vol.  56,  p.  236. 

The  velocity  and  force  of  the  Wind  are  alfo  deter- 
mined experimentally  by  various  machines,  called  ane- 
mometers^ ^vhid-mcafurers^  or  nvhicl-gages  \ the  defeription 
of  which  fee  under  thefe  article?. 

In  the  Philof.  Tranf.  for  1759,  p.  167,  Mr.  Smeaton 
has  given  a table,  communicated  to  him  by  a Mr. 
Koufe,  for  flievving  the  force  of  the  Wind,  with  feveral 
different  velocities,  which  I fiiall  infevt  below,  as  I 
had  the  numbers  nearly  agree  with  my  own  experi- 
ments made  on  the  refillance  of  the  air,  when  the  re- 
^iifting  furfaces  are  reduced  to  the  fame  hze,  by  a due 
proportion  for  the  refiftance,  which  is  in  a higher  de- 
gree than  that  of  th.e  furfaces. 

N.  B,  The  table  of  my  refults  is  printed  in  pa.  Iir, 
vol.  I,  under  the  article  Axemomkter.  ; where  it  is 
to  be  noted,  that  the  numbers 'in  the  third  column  of 
that  table,  for  the  vehjcity  of  the  Wind  per  hour,  are 
all  erroneoully  printed,  only  the  4th  part  of  what  each 
of  them  ought  to  be  ; fo  that  thole  numbers  mull  be  all 
multiplied  by  4. 


A Table  of  the  different  Velocities  and  Forces  of  the 
Wind,  according  to  their  common  appellations. 


Velocity  of  the 

Perpendi- 

Wind 

cular  force 



on  one  Iq. 

Common  appellations  of  the 

Miles 

= feet 

foot,  in  a- 

Winds. 

in  one 

in  one 

vei'dupois 

hour. 

fecond. 

pounds. 

I 

1*47 

*005 

Hardly  perceptible. 

2 

3 

2'93 

4*40 

*020 

•044 

} 

Juft  perceptible. 

4 

5 

5'87 

7'33 

•079 

•123 

} 

Gentle  plealant  wind. 

10 

14-67 

•492 

Pleafant  brlflt  gale. 

2 2 *00 

1 *107 

J 

20 

25 

^9-34 

36-67 

1*968 

3*075 

} 

Very  bride. 

30 

44*01 

4*429 

) 

High  Winds.  - 

35 

31*34 

6-027 

J 

40 

45 

58*68 

66*01 

7-873 

9-963 

} 

Very  high. 

50 

73*35 

12*300 

A ftorm  or  temped:. 

60 

88*02 

17*715 

A great  ftorm. 

80 

1 17*36 

31*490 

A hurricane. 

r 

A hurricane  that  tears 

ICO 

1 46*70 

49*200 

i 

up  trees,  and  carries 

1 

buildings  &cbefore  it. 

The  force  of  the  Wind  is  nearly  as  the  fquare  of  the 
velocity,  or  but  little  above  it,  in  thefe  velocities.  But 
the  force  is  much  more  than  in  the  fimple  ratio  of  the 
Vol.  H. 


furfaces,  with  the  fame  velocity'*,  and  this  increafe  of 
the  ratio  is  the  more,  as  the  velocity  is  the  more.  By 
accurate  experiments  with  two  planes,  the  one  of  I'/f- 
fquare  inches,  the  ether  of  32,  which  are  nearly  in  the 
ratio  of  3 to  9,  i found  their  refiftances,  with  a velocity 
of  20  feet  per  lecond,  to  be,  the  one  I’lph  ounces, 
and  the  other  2*542  ounces  ; which  are  in  the  ratio  of 
8 to  17,  being  an  increafe  of  between  I and  \ part 
more  than  the  ratio  of  the  furfaces. 

Wind-G^^^,  in  Pneumatics,  an  inflniment  ferving 
to  determine  the  velocity  and  force  of  the  Wind.  See 
Anemometer,  Anemo.scope,  and  the  article  julb 
above  concerning  the  Force  and  Velocity  of  the  Wind. 

Dr.  Hales  had  various  contrivances  for  this  purpofe. 
He  found  (Statical  Effays,  vol.  2,  p.  326)  that  the 
air  rufned  out  of  a fmith’s  bellows,  at  the  rate  of  68| 
feet  in  a fecond  of  time,  when  comprefled  with  a force 
of  half  a pound  upon  every  fquare  inch  lying  on  the 
whole  upper  furface  of  the  bellows.  The  velocity  of 
the  air,  as  it  palled  out  of  the  trunk  of  his  ventilators, 
was  found  to  be  at  the  rate  of  3000  feet  in  a minute, 
which  is  at  the  rate  of  34  miles  an  hour.  The  fame 
author  fays,  that  the  velocity  with  which  impelled  air 
paffes  out  at  any  orifice,  may  be  determined  by  hanging 
a light  valve  over  the  nole  of  a bellows,  by  pliant  leathern 
hinges,  which  will  be  much  agitated,  and  lifted  up  frona 
a perpendicular  to  a more  than  horizontal  pofition 
the  force  of  the  rufning  air.  There  is  alfo  another  mori 
accurate  way,  he  fays,  of  eftimating  the  velocity  of 
air,  viz,  by  holding  the  orifice  of  an  inveited  glaf^ 
liphon  full  of  water,  oppofite  to  the  fiream  of  air,  by 
which  the  water  will  be  deprelfed  in  one  leg,  and  raifed 
in  the  other,  in  proportion  to  the  force  with  which  the 
water  is  impelled  by  the  air.  Deferip.  of  Ventilators, 
H43’  P-  ^2.  And  this  perhaps  gave  Dr.  Lind  the 
idea  of  his  Vvhnd-gage,  dcfciibed  below. 

M.  Bougiicr  contrived  a fimple  inllrnment,  by  which 
may  be  immediately  dlfcovered  the  force  which  the 
Wind  exerts  on  a given  furface.  This  is  a hollow  tube 
AABB  (hg.  14,  pi.  30),  in  which  a fpiral  fprlng 
CD  is  fixed,  that  may  be  more  or  lef;  compreffed  by  a 
rod  FSI),  palling  throiigli  a hole  within  the  tube  at 
A A.  Then  having  obierved  to  what  degree  diffei'ent 
forces  or  given  weights  are  capable  of  compiefling  the 
fpiral,  mark  dlvifions  on  the  rod  in  fnch  a manner, 
that  the  mark  at  S may  indicate  the  weight  rcqiiifite  to 
force  the  fpring  into  the  fituation  CD  : afterwards  join 
at  right  angles  to  this  rod  at  F,  a plane  furface  CFE  of 
any  given  area  at  pleafure  ; then  let  this  infirument  be 
oppofed  to  the  Wind,  fo  that  it  may  ilrike  the  furface 
perpendicularly,  or  parallel  to  the  rod  ; then  will  the 
mark  at  S (hew  the  weight  to  which  the  force  of  the 
Wind  Is  equivalent.  1 ’ 

Dr.  Lind  has  alfo  contrived  a fimple  and  eafy  appa- 
ratus of  this  kind,  nearly  upon  the  lall  idea  of  Dr. 
Hales  mentioned  above.  This  inllrnment  Is  fully  ex- 
plained at  the  article  Anemometer,  vol.  i,  pa.  in, 
and  a figure  of  it  given,  pi.  3,  fig,  4. 

Mr.  Benjamin  Martin,  from  a hint  fil'd  fugged ed  br 
Dr.  Burton,  contrived  an  anemofeope,  orAVhnd-gage, 
of  a conftrudlion  like  a Wind-mill,  with  four  (ails  ; but 
the  axis  which  the  fails  turn,  is  not  cylindrical,  but 
conical,  like  the  fufee  of  a watch  ; about  this  fufee 
winds  a cord,  having  a weight  at  the  end,  which  is 
4 D wound 
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wound  always,  by  the  force  of  the  WincI,  upon  the 
fails,  till  the  weight  jull  balances  that  force,  which  will 
be  at  a thicker  part  of  the  fufee  when  the  Wind  is 
ilrong,  and  at  a fmaltcr  part  of  it  when  it  is  weaker. 
But  although  this  inflrument  Ihews  when  a Wind 
is  llronger  or  weaker,  it  will  neither  fhew  what  is  the 
ai^iial  velocity  of  the  Wind,  nor  yet  its  force  upon  a 
fquare  foot  of  direfi:  fiuface  ; becaufe  the  fails  are  fet 
a-t  an  uncertain  oblique  angle  to  the  Wind,  and  this 
aifs  at  different  dillances  from  the  axis  or  centre  of 
motion.  Martinis  Phil.  Brit,  vol,  2,  p.  2li.  Seethe 
fig.  5,  plate  3,  vol.  T. 

Wind-Gu^:,  the  fame  as  Air-G'^/«;  which  fee. 

W iND-jWi//,  a kind  of  mill  which  receives  Its  motion 
from  the  impulfe  of  the  Wind. 

The  internal  ilriiTure  of  the  V/indmill  is  much  the 
fame  with  that  of  watermills  : the  differs  arc  between 
them  lying  chiefly  in  an  external  apparatus,  for  the  appli- 
cation of  the  power.  This  apparatus  confiils  of  an  axis 
EF  (hg.  II,  pk  36),  through  which  pafs  perpendicular 
to  it,  and  to  each  other,  two  arms  or  yards,  AB  and 
CD,  ufuallv  about  22  feet  lonp*:  on  the fe  yards  are 
formed  a kind  of  fails,  vanes,  or  flights,  in  a trape7X)id 
form,  with  parallel  ends;  the  greater  of  which  HI  is 
about  6 fret,  and  thejtfs  FG  are  determined  by  radii 
drawn  from y he  centre  E,  to  i and  FI. 

Thefe  (ails  are  to  be  capable  of  being  always  turned 
to  the  wind,  to  i-eceive  its  impulfe  : for  which  purpofe 
there  are  two  different  contrivances,  which  conftitute 
the  tvgo  different  kinds  of  Windmills  in  common  ufe. 

In  the  one,  the  whole  machine  is  fupported  upon  a 
moveable  arbor,  or,  axis,  fixed  upright  on  a (land  or 
foot  ; and  turned  round  oecafionally  to  lult  the  wind, 
by  means  of  a lever. 

In  the  other,  only  the  cover  or  roof  of  the  machine, 
with  the  axis  and  fails,  in  like  manner  turns  round  with 
a parallel  or  horizontal  motion.  For  this  purpofe,  the 
cover  is  built  turret-wife,  and  encompaffed  with  a wooden 
ring,  having  a groove,  at  the  bottom  of  which  are  placed, 
at  ccitain  dilfanccs,  a number  of  brafs  truckles;  and 
within  the  groove  is  anotlier  ring,  upon  which  the  whole 
turret  (lands.  To  the  moveable  ring  are  connedled 
beams  ah  and  fe  ; ajid  to  the  beam  oh  is  faflened  a rope 
at  having  its  other  end  fitted  to  a wnhidlafs,  or  axis- 
ijf-peritrochio  : this  rope  being  drawn  through  the  iron 
hook  G,  and  the  windlafs  turned,  the  fails  are  moved 
round,  and  fet  fronting  the  wind,  or  with  the  axis 
pointing  llraight  agairifl  the  wind. 

The  internal  raechanifm  of  a Windmill  is  exhibited 
in  fig.  12  y where  AHO  is  the  upper  room,  and  H<7Z 
the  lower  one ; AB  the  axle-tree  pafllng  through  the 
mill;  STVW  the  fails  covered  with  canvas,  fet  ob- 
liquely to  the  wind,  and  turning  round  in  the  order  of 
the  letters  ; CD  the  cogwheel,  having  about  48  cogs 
or  teeth,  &c,  wFich  carry  round  the  lantern 

EF,  having  8 or  9 trundles  or  rounds  r,,  r,  c,  &c,  to- 
gether with  its  upright  axis  GN  ; IK  is  the  upper  mill- 
Ifone,  and  LM  the  lower  one  ; is  the  bridge,  fup- 
portlng  the  axis  or  fpindle  GN ; this  bridge  is  fupported 
by  the  beams  rc/,  XY,.  wedged  up  at  c,  d and  X ; ZY 
is  the  lifting  tree,  which  ftands  upright  ; ab  and  ef  are 
levers,  whofe  centres  of  motion  are  Z and  e ; fghi  is  a 
cord,  witl>  a ftone  /,  going  about  the  pins^  and/^,  and 
ferying  as  a balance  or  counterpoife.  The  Ipindle  /N 
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is  fixed  to  the  upper  millflone  IK,  by  a piece  of  iron 
called  the  rynd,  and  fixed  in  the  lower  fide  of  the  done, 
which  is  the  only  one  that  turns  about,  and  its  whole 
weight  reds  upon  a hard  done,  fixed  in  the  bridge  QJb 
at  N.  The  trundle  EF,  and  its  axis  G/,  may  be  takeij 
away  ; for  it 'reds  by  its  lower  part  at  / by  a fquare 
focket,  and  the  top  runs  in  the  edge  of  the  beam  cc". 
By  bearing  down  the  end  / of  the  \tv^x  fe^  h is  raifed, 
which  ralfes  ZY,  and  this  raifes  YX,  which  lifts  up 
the  bridge  QB,  with  the  axis  NG,  and  the  upper 
ftone  IK  ; and  thus  the  ftones  are  fet  at  any  diftance. 
The  lower  or  immo\eabIe  ftone  is  fixed  upon  dionk 
beams,  and  is  broader  than  the  upper  one  ; the  flour  is^^ 
conveyed  through  the  tunnel  no  into  a ched;  P is  the 
hopper,  into  which  is  put  the  corn,  which  runs  through, 
the  fpout  r into  the  hole  /,  and  fo  falls  between  the 
ftones,  where  it  is  ground  to  meal.  The  axis  G/  is 
fquare,  which  fiiaking  the  fpout  r,  as  it  goes  round, 
makes  the  corn  run  out  ; rs  is  a firing'  going  about  the 
pin  t,  and  ferving  to  move  the  fpout  nearer  to  the  axis 
or  farther  from  it,  fo  as  to  make  the  corn  run  fafter  or 
flower,  according  to  the  velocity  and  force  of  the  wind,. 
And  when  the  wind  is  ftrong,  the  fails  are  only  covered 
in  part,  of  on  one  fide,  or  perhaps  only  one  half  of 
two  oppofite  fails.  Toward  the  end  B of  the  axletree 
is^  placed  another  cogwheel,  trundle,  and  millftones, 
with  an  apparatus  like  that  juft  deferibed  ; fo  that  the 
fame  axis  moves  two  ftones  at  once  and  when  only  one 
pair  is  to  grind,  one  of  the  trundles  and  its  fpindle  are 
taken  out : yj/  is  a girth  of  pliable  wood,,  fixed  at  the 
endy;  the  other  end  / being  tied,  to  the  lever  Fw, 
moveable  about  /- ; and  the  end  being  put  down draws 
the  girth  xyi  clofe  to  the  cogwheel,  which  gently  and 
gradually  (lops  the  motion  of  the  mill,  when  required  t 
/y  is  a ladder  for  afeending  to  the  liigher  part  of  the 
mill ; a-nd  the  corn  is  drawn  up  by  means  of  a rope, 
rolled.about  the  axis  AB,  when  the  mil]  is  at  work. 
See  Mill. 

Theory  of  iLe  Windmill,  Pojiiwn  of  the  Sails, 

Were  the  fails  fet  fquare  upon  their  arms  or  vards,. 
and  perpendicular  to  the  axletree,  or  to  the  wind,  no 
motion  would  enfue,  becaufe  the  diredi-  wind  would 
keep  them  in  an  exadl  balance.  But  by  fetting  them 
obliquely  to  the  commomaxis,  like  the  fails  of  a fmoke- 
jack,  or  inclined  like  the  rudder  of  a fiiip,  the  wind, 
by  ftriking  the  furface  of  them  obliquely,  turns  them 
about.  Now  this  angle  which  the  fails  are  to  make 
with  theii^  common  axis,  or  the  degree  of  weathering, 
as  the  miil-wrights  call  it,  fo  as  that  the  wind  may 
have  the  greateft  effedl,  is  a matter  of  nice  enquiry, 
and  has  much  occupied  the  thoughts  of  the  mathema-* 
tician  and  the  artift. 

In  examining  the  compound  motions  of  the  rudder 
of  a fhip,  we  find  that  the  more  it  approaches  to  the 
direHion  of  the  keel,  or  to  the  courfe  of  the  water,  the 
more  weakly  this  ftrikes  it  ; but,,  on  the  other  hand, 
the  greater  is  the  power  of  the  lever  to  turn  the  veftel 
about.  The  obliquity  of  the  rudder  therefore  has,  at 
the  fame  time,  both  an  advantage  and  a difadvantage. 
It  has  been  a point  of  inquiry  therefore  to  find  the  po- 
fition  of  the  rudder  when  the  ratio  of  the  advantage  over 
the  difadvantage  is  the  greateft.  And  M,  Renan,  in 

his 
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Ills  tlieory  of  the  working  of  Hiips,  has  found,  that  the, 
bed  fituation  of  the  rudder  is  when  it  makes  an  angle 
of  about  ^5  degrees  with  the  keel. 

The  obliquity  of  the  fails,  with  regard  to  their  axis, 
has  precifely  the  fame  advantage,  and  difadvantage, 
with  the  obliquity  of  the  rudder  to  the  keel.  And  M. 
Parent,  feeking  by  the  new  analylis  the  mod  advantage- 
ous fititation  of  the  fails  on  the  axis,  finds  it  the  fame 
angle  of  about  55  degrees.  This  obliquity  has  been 
determined  by  many  other  mathematicians,  and  found 
to  be  more  accurately  54*^  44  , See  Maclaurin’s  Flux- 
ions, p.  73^4  Simplon’s  Fluxions,  prob.  17,  p*52i  ; 
IMartin  s 1 hdof.  Fritaii,  vol.  i,  p.  220,  vol.  2 p 21'^  * 

.&C.  I , , 1 ^ , 

This  angle,  however,  is  only  that  which  gives  the 
wind  the  greateft  force  to  put  the  fail  in  motion,  but 
not  the  angle  which  gives  the  force  of  the  wind  a 
maximum  upon  the  fail  when  in  motion  : for  when  the 
fail  has  a certain  degree  of  velocity,  it  yields  to  the 
wind and  then  that  angle  mud  be  increafed.  to  give 
the  wind  its  iml  effedf.  hfaclaiirin,  in  Ins  Fluxions, 
p.  734,  has  fiiewn  how  to  determine  this  angle. 

It  may  be  obfeived,  that  the  increafe  of  this  angle 
fhould  be  different  according  to  the  different  velocities 
from  the  axletrec  to  the  furiiier  extremity  of  the  fail. 
At  the  beginning,  or  axis,  it  Ihould  be  74^  44/  ; and 
thence  continually  increafing,  giving  the  vane  a twill, 
andfo  caufingall  the  ribs  of  the  vane  to  lie  in  dilfereiit 
planes. 

It  is  farther  ohferved,  that  the  ribs  of  the  vane  or 
fail  ought  to  decreafe  in  length  from  the  axis  10  the 
extremity,  giving  the  vane  a curvilinear  form  ; fo  that 
no  part  of  the  force  of  any  one  rib  be  fpent  upon  the 
red,  but  all  move  on  independent  of  each  other.  The 
twid  above  mentioned,  and  the  diminution  of  the  ribs, 
are  exemplified  in  the  wings  of  bi  ids. 

As  the  ends  of  the  fail  neared  the  axis  cannot  move 
with  the  fame  velocity  which  the  tips  or  farthed  ends 
have,  although  the  wind  adts  equally  dron^r  upon 
them  both,  Mr.  Fergufon  (Led.  on  Mech.  pa.  52) 
fuggeds,  that  perhaps  a better  pofition  than  that  of 
ftretching  them  along  the  arms  diredly  from  the  centre 
of  motion,  might  be,  to  have  them  fet  perpendicularly 
acrofs  the  faither  ends  of  the  arms,  and  there  adjulfed 
lengthwife  to  the  proper  angle  : for  in  that  cafe  both 
ends  of  the  fails  would  move  with  the  fame  velocity  ; 
and  being  farther  from  the  centre  of  motion  they  would 
have  fo  much  the  more  power,  and  then  there  would 
be  110  occafion  for  having  them  fo  large  as  they  are 
generally  made  ; which  would  render  them  lighter, 
and  confequently  there  would  be  fo  much  the  lefs  fric- 
tion on  the  thick  neck  of  the  axle,  when  it  turns  in  the 
y all. 

Mr.  Smeaton  (Philof.  Tranf.  1759),  from  his  ex- 
periments w'ith  Windmill  fails,  deduces  feveral  pradfical 
maxims  : as, 

I.  That' when  the  wind  falls  upon  a conoave  fur- 
face,  it- is  an  advantage  to  the  power  of  tiie  wdiok, 
though  every  part,  taken  feparately,  fnould  not  be 
difpofed  to  the  bed  advantage.  By  feveral  trials  he 
has  found  that  the  curved  form  and  pofition  of  the 
fails  will  he  bed  regulated  by  the  numbers  in  the  fol- 
lowing table. 


6th  Parts  of 
the  radius  or 
fail. 
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2.  That  a broader  fail  requires  a greater  angle-;  and 
that  when  the  fail  is  broader  at  the  extremity,  than 
near  the  centre,  this-  fliape  is  more  advantageous  than 
that  of  a parallelogram. 

^ 3*  When  the  fails,  made  like  fedlors  of  circles, 
joining  at  the  centre  or  axis,  filled  up  about  7 .8ths 
01  the  whole  circular  fpace,  the  effedt  was  the  greateft, 
4.  The  velocity  of  W^indmill  fails,  whether  unloaded, 
01  loaded  fo  as  to^  produce  a niaximum  of  effedi,  is 
neatly  as  the  velocity  of  the  Wh’nd  ; their  fiiape  and 
pofition  being  the  fame. 

5*  load  at  the  maximum  is  nearly,  but  fome* 
^vhat  leis  than,  as  the  fquaie  of  the  velocity  of  the 
wind. 

6.  4 he  cffedls  of  the  fame  fails  at  a maximum,  are 
neaily,  hut  lomcwhat  lefs  than,  as  tfie  cubes  of  the  ve- 
locity of  the  wind. 

7.  In  fails  of  a fimilnr  figure  and  pofition,  the  num- 
ber - • • • 


of  turns  in  a given  time,  are  leciprocally  as  the 
radius  or  length  of  the  fail. 

8.  4 he  effedls  of  fails  of  fimllar  figure  and  pofition, 
are  as  the  fquare  of  their  length. 

9.  i he  velocity  of  the  extremities  of  Dutch  mills, 
as  well  as  of  the  enlarged  fails,  in  all  their  ufual  po- 
iitions,  Is  confidei  ably  greater  than  the  velocity  of  the 
wind. 

M.  Parent,  in  confiderlng  what  figure  the  fills  of  a 
Vindmill  fiiould  have,  to  receive  the  greatell  Impulfc 
fiom  the  wind,  finds  it  to  be  a ledlor  of  an  ellipfis, 
whofc  centre  is  that  of  the  axlctree  of  tlie  mill  ; and  the 
lefs  femiaxis  the  height  of  32  feet  ; as  for  the  greater, 
It  follows  neccflarily  from  the  rule  that  diredis  the  fail 
to  be  inclined  to  the  axis  iii  the  angle  of  y ^ degrees. 

On  this  foundation  he  affumes  four  fuch  fails,  each 
being  a queuter  of  an  ellipfe  ; winch  he  fhews  will  re- 
ceive ah  the  Wind,  and  lole  none,  as  the  common  ones 
do.^  44iefe  4 fill-faces,  multiplied  by  the  lever,  with 
'v^hJch  the  wind  adls  on  one  of  them,  exprefs  the  whole 
power  the  wind  has  to  move  the  machine,  or  the  whole 
power  the  machine  has  when  in ‘motion. 

iiidmill  with  6 elliptical  fails,  he  flicws,  would 
ftill  have  more  power  than  one  with  only  four.  Ic  would 
only  hage  the  fame  furface  with  the*  four;  fince  the 
4 contain  the  whole  fpace  of  the  ellipfis,  as  well  as  the 
6.  But  tile  fuice  of  the  6 would  be  greater  than  that 
of  the  4)  the  ratio  of  245  231-  If  it  were  de- 

fired  to  have  only  two  fails,  each  being  a femielllpfis, 
the  furface  would  be  flill  the  fame  ; i)ut  the  power 
would  be  diminiflied  by  near  i-3d  of  that  with  6 fails  ; 
becaufe  the  great  nefs  of  the  fedtois  would  much  fhorten 
the  lever  with  which  the  wind  a6is. 

The  fame  autlioi  lias  alfo  c uifidcrcd  which  form, 
among  the  it^fangular  {ada,  will  be  moil  advatitageous ; 
4U3  , i.e. 
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1.  e»  that  which  fiiall  have  the  product  of  the  futhice 
by  the  lever  of  the  wind,  the  greateft,  I he  refiilt  of 
this  encjuiry  is?  that  the  width  of  the  rediangular  fail 
fliould  be  nearly  double  its  length  ; whereas  ufually  the 
length  is  made  ahnoll  5 times  the  width. 

The  power  of  the  mill,  with  four  of  thefe  new  redh- 
■au-g'ular  fails,  M.  Parent  fhews,  will  be  to  the  powei 
offour  elliptic  fails,  nearly  as  \ Z to  23  which  leaves 
a confiderablc  advantage  on  the  fide  of  tlie  elliptic  ones; 
and  yet  the  force  of  the  new  rectangular  fails  will  hill 
be  confiderably  greater  than  that  of  the  common  ones. 

M.  Parent  alfo  confiders  what  number  of  th.e  new 
fails  will  be  moll  aovantageoiis ; and  hnds  tnat  the 
fewer  the  fails,  the  more  furface  there  will  be,  but  the 
powder  the  lefs.  Farther,  the  power  ol  a Windmill 
with  6 fails  is  denoted  by  14,  that  of  another  with  4 
%viii  be  as  1 3,  and  another  with  2 fails  will  be  denoted 
by  9.  That  as  to  the  common  W'hndmil],  its  power 
if  ill  dlminhlies  as  the  breadth  of  the  fails  is  fmaller,  in 
proportion  to  the  length  t and  therefore  the  ulual  pro- 
portion of  to  f is  exceedingly  dii advantageous. 

WINDWARD,  in  Sea  Language,  denotes  any 
thing  towards  that  point  from  whence  the  wdnd  blows, 
ia  refpedf  of  a fliip. 

Sailing  to  Windward.  See  Sailing. 

W^iNDWARD  Tidcy  denotes  a tide  that  runs  againif: 

the  wind. 

WINDAGE  of  a Gun,  is  the  difference  between 
the  diameter  of  the  bore  of  the  gun  and  the  diameter  of 
the  ball. 

Heretofore  the  Windage  appointed  in  the  Enghfh 
fervice,  viz,  i-20th  of  the  diameter  of  the  ball,  which 
has  been  ufed  almofr  from  the  beginning,  has  been  far 
too  much,  owing  perhaps  to  the  firlf  want  of  roundnefs 
in  the  ball,  or  to  rulf,  foulnefs,  or  irregularities  in  the 
bore  of  the  gun.  But  lately  a beginning  has  been  made 
to  diminifli  the  Windage,  which  cannot  fail  to  be  of 
Yery  great  advantage  ; as  the  fliot  will  both  go  much 
truer,  and  have  lefs  room  to  bounce  about  from  fide  to 
fide,  to  the  great  damage  of  the  gun  ; and  befides  much 
lefs  powder  "will  ftrve  for  the  fame  effcCl,  as  in  fome 
cafes  j ori  the  inflamed  powder  efcapes  by  the  Windage. 
The  French  allpwance  of  Windage  is  i-2  5lh  of  the 
diameter  of  the  ball. 

WINDLASS,  or  WiNDLACE,  a particular  machine 
ufed  for  railing  heavy  weights,  as  guns,  ftones,  an- 
chors, &c. 

This  is  a very  Ample  machine,  conflfting  only  of  an 
axis  or  roller,  fupported  horizontally  at  the  two  ends 
by  two  pieces  of  wood  and  a pulley  : the  two  pieces  of 
wood  meet  at  top,  being  placed  diagonally  fo  as  to 
prop  each  other  ; and  the  axis  or  roller  goes  through 
the  two  pieces,  and  turns  in  them.  The  pulley  is  faflen- 
cd  at  top,  where  the  pieces  join.  Laftly,  there  are 
two  ftaves  or  hand  fpikes  which  go  through  the  roller, 
to  turn  it  by ; and  the  rope,  which  comes  over  the 
pulley,  Is  wound  off  and  on  the  fame. 

V/iNDLAss,  in  a Ship,  is  an  inflrument  in  fmall 
fhips,  placed  upon  the  deck,  juft,  abaft  the  foremaft. 
It  is  made  of  a long  and  thick  piece  of  timber,  either 
cylindrical,  or  odlagonal,  &c,  in  form  of  an  axletree, 
placed  horizontally  acrofs  the  fliip,  afoot  or  more  above 
tVie  deck  ; and  it  is  turned  about  by  the  help  of  hand- 
fpikes  pukinto  holes  made  for  that  purpofe-. 


This  machine  will  purchafe  or  raife  much  more  than 
a capflan,  and  that  without  any  danger  to  thofe  that- 
heave;  for  if  in  heaving  the  Windlafs  about,  rmy  of  the 
handfpikes  fliould  happen  to  flip  or  break,  theWindlafs 
will  flop  of  itfelf,  as  it  does  at  the  end  of  every  pull 
or  heave  of  the  men,  being  prevented  from  returning  by 
means  of  a catch  that  falls  into  notches.  See  flg.  ic, 
ph  3 5* 

WINDOW,  *q."d.  a-vind-door,  7\.x\  aperture  or  open- 
ing in  the  wall  of  a houfe,  to  admit  the  air  and  light. 

Before  the  ufe  of  glafs  became  general,  which  was 
not  till  towards  the  end  of  the  12th  century,  the  Win- 
dows in  England  feem  generally  to  have  been  compofed 
of  paper,  oiled,  both  to  defend  it  againft  the  weather, 
and  to  make  it  more  tranfparent  ; as  now  is  fometimes 
ufed  in  workfliops  and  untiniflied  buildings.  Some  of 
the  better  fort  were  furnilhed  with  lattices  of  wood  or 
(beets  of  linen.  Thefe  it  feems  were  fixed  in  frames, 
called  capf amenta y and  hence  our  cafements  ilill  fo  com- 
mon in  fome  of  the  counties. 

The  chief  rules  wn'th  regard  to  Windows  are,  1.  That 
they  be  ab  few  in  number,  and  as  moderate  in  dlmen- 
fions,  as  may  be  confilient  with  other  refpe6ls;  inafmuch* 
as  all  openings  are  weakenings. 

2.  That  tiiey  be  placed  at  a convenient  diftance 
from  the  angles  or  corners  of  the  buildings  : both  for' 
ftrength  and  beauty. 

3.  That  they  be  made  all  equal  one  with  another, 
in  their  rank  and  order  ; fo  that  thofe  on  the  right 
hand  may  anfwer  to  thofe  on  the  left,  and  thofe  above 
be  right  over  thofe  below  : both  for  ftrength  and 
beauty. 

As  to  their  dimenfions,  care  is  to  be  taken,  to  give’ 
them  neither  more  nor  lefs  than  is  needful;  regard  be- 
ing had  to  the  fize  of  the  rooms,  and  of  the  building. 
The  apertures  of  W^indows  in  middle-iized  houfes,  may 
be  from  4 to  5 feet  ; in  the  fmaller  ones  lefs  ; and  in* 
large  buildings  more.  And  the  height  may  be  double 
their  width  at  the  leaft  : but  in  lofty  rooms,  or  large 
buildings,  the  height  may  be  a 4th,  or  3d,  or  halt 
their  breadth  more  than  the  double. 

Such  are  the  proportions  for  Windows  oE  the  firft 
ftory ; and  the  breadth  muft  be  the  fame  in  the  upper 
ftories  ; but  as  to  the  height,  the  fecond  ftory  may  be 
a 3d  part  lower  tlian  the  firft,  and  the  third  ftory  a 4111 
part  lower  than  the  fecond. 

WINTER,  one  of  the  four  feafons  or  quarters  of 


the  year. 

Winter  properly  commences  on  the  day  when  tne 
fun’s  diftance  from  the  zenith  of  the  plaee  is  the  greatell, 
or  when  his  declination  is  the  greateft  on  the  contrary 
fide  of  the  equator  ^ and  it  ends  on  the  day  when  that 
diftance  is  a mean  between  the  greateft  and  leaft,  or 
wLen  he  next  croftes  the  equinoctial. 

At  and  near  the  equator,  the  Winter,  as  well  as  the 
other  feafons,  return  twice  every  year;  but  all  other- 
places  have  only  one  Winter  in  the  year  ; which  in  the 
northern  hemifphere  begins  when  the  fun  is  in  the  tropic 
of  Capricorn-,  and  in  the  fouthern  hemifphere  when  he 
is  in  the  tropic  of  Cancer fo  that  all  places  in  the 
fame  hemifphere  have  their  Winter  at  the  fame  time. 

Notwithftanding  the  coldnefs  of  this  feafon  it  Is 
proved  in  aftronomy,  that  the  fun  is  really  nearer  t.o  the 

earth  in  our  Winter  than  in  fummer  : the  reafon  of  the 
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defeat  of  heat  being  owing  to  the  lownefs  of  the  fun, 
or  ro  the  obliquity  of  his  rays. 

WOLFF,  WoLFius,  (Christian),  baron  of  the 
Roman  empire,  privy  coimfellor  to 'the  king  of  Pruflia, 
and  chancellor  to  the  nniverfity  of  Halle  in  Saxony,  as 
well  as  member  of  many  of  the  literary  academies  in 
Europe,  was  born  at^Breflau  in  1679.  After  ftudying 
philoiophy  and  mathematics  at  Breflau  and  Jena,  he 
obtained  permilhon  to  give  ledlures  at  Leiplic  ; which, 
in  1703,  he  opened  with  a differtation  called 
FraSica  Uni^jerfaUs,  Methodo  Malhematka  conjcrtptn^ 
which  ferved  greatly  to  enhance  the  reputation  of  his 
talents.  He  publilhed  two  other  dilTertations  the  fame 
year  ; the  firft  De  Rotis  Dentatis,  the  other  De  Algo- 
rithm.o  InJinitefiniaU  D'ijferentlali  ; which  obtained  him 
the  honourable  appellation  of  Affiftant  to  the  Faculty 
of  IZhilofophv  at  Leiplic. 

He  now  accepted  the  profelforfliip  of  mathematics 
at  Halle,  and  was  eledfed  Into  the  fociety  at  I^eipfic, 
at  that  time  engaged  in  publnhing  the  Ada  Eruditorinn. 
After  having  inferted  in  this  work  many  Important 
pieces  relating  to  mathematics  and  phyfics,  he  under- 
took, In  1709,  to  teach  all  the  various  branches  of 
phllofophy,  beginning  with  a fmall  Logical  treatife 
in  Latin,  being  Thoughts  on  the  Powers  of  the  Human 
Underllandlng.  He  carried  himlclf  through  thefe 
great  purfults  with  amazing  affiduity  and  ardour:  the 
king  of  Pruffia  rewarded  him  with  the  office  of  coun- 
fellor  to  the  court  in  1721,  and  augmented  the  profits 
of  that  poll  by  very  conliderable  appointments : he  vras 
alio  chofen  a member  of  the  Royal  Society  of  London 
and  of  Pruffia. 

In  the  midfl;  of  all  this  profperity  however,  Wollf 
raifed  an  ecclefiaflical  llorm  again!];  himfelf,  by  a Latin 
oration  he  delivered  In'praife  of  the  Chinefe  philofophy : 
every  pulpit  Immediately  refounded  againft  his  tenets  ; 
and  the  laculty  of  theology,  who  entered  into  a llrict 
examination  of  his  productions,  refolving  that  ihe  doc- 
trine he  taught  was  dangerous  to  the  lafl  degree,  an 
order  was  obtained  in  1723  for  difplacing  him,  and 
commanding  him  to  leave  Idalle  in  24  hours. 

Wollf  now  retired  to  Caffel,  where  he  obtained  the 
profefforfiiip  of  mathematics  and  philofophy  in  the 
nniverfity  of  jMarbourg,  with  the  title  of  Counfellor  to 
the  Landgrave  of  Helfe  ; to  which  a profitable  oenfion 
was  annexed.  Here  he  renewed  his  labours  with  re- 
doubled ardour  ; and  it  was  in  this  retreat  that  hepub- 
lifhed  the  greatelf  part  of  his  numerous  works. 

in  1725,  he  was  declared  an  honorary  profelTor  of 
the  academy  of  fciences  at  Peterffiurg,  and  in  1733 
was  admitted  into  that  of  Paris.  The  king  of  Sweden 
alfo  declared  him  one  of  the  council  of  regency  ; but 
the  pleafing  fituation  of  his  new  abode,  and  the  multi- 
igde  of  honours  which  he  had  received,  were  too  allur- 
ing to  permit  him  to  accept  of  many  advantageous 
offers  ; among  which  was  the  office  of  prefident  of  the 
academy  at  Peterfburo-. 

The  king  of  Pruffia  too,  who  was  now  recovered 
from  the  prejudices  he  had  been  made  to  concelve  againll 
Wolff,  wanted  to  re-eftabliffi  him  in  the  nniverfity  of 
Pialiein  1733,  and  made  another  attempt  to  effeCl  it  in 
1739  ; wh.eli  VFolff  for  a time  thought  fit  to  decline, 
but  at  laff  fubmitted  ; he  returned  therefore  In  1741, 
Invefled  with  the  diaradters  of  privy  counfellor,  vice 


chancellor,  and  profeffior  of  the  law  of  nature  and  of 
nations.  The  king  afterwards,  upon  a vacancy,  raifed 
him  to-  the  dignity  cf  chancellor  of  the  nniverfity  5 
and  the  elector  of  Bavaria  created  him  a baron  of  the 
empire.  He  died  at  Halle  in  Saxony,  of  the  gout  in 
his  ftomach,  in  1754?  !ke  76th  year  of  his  age, 
after  a life  filled  up  with  a train  of  actions  as  wife  and 
fyftematical 'as  his  wmitlngs,,  of  which  lie  compofed  in 
Latin  and  German  more  than  60  dillindl  pieces.  The 
cliicf  of  his  mathematical  compofit-ion'S,  is  liis  Ehrnenta 
Mathefeos  Univerfay  the  befl  edition  of  v^hich  is  that 
of  1732  at  Geneva,  in  3 vols  4to  ; which  does  not 
however  comprife  lii§  Mathematical  Dldlionary  in  the 
German  language,  in  i vol.  8vo,  nor  many  other  dlf* 
tindl  works  on  different  branches  of  the  mathematics, 
nor  his  Syflem  of  Philofophy,  in  2 3 vols.  in  4to. 

WORKING  to  JVind-iUardj  in  Sea  Language,  is 
the  operation  by  w'hich  a fhip  endeavours  to  make  a 
progrefs  agaiufl  the  Vvund. 

WREN  (Sir  Christopher  ),  a great  pliilofopher 
and  mathematician,  and  one  of  the  moft  learned  and 
eminent  architects  of  liis  age,  was  the  fon  of  the  reva 
Chriflopher  Wren,  dean  of  Windior,  and  was  born  at 
Knoyle  In  Wiltfhire  In  1632.  Lie  ftudied  at  ATadhani 
college,  Oxford  ; where  he  took  the  degree  of  mafter 
of  arts  In  1653,  and  was  chofen  fellow  of  Allfouls  col- 
lege there.  Soon  after,  he  became  one  of  that  ingeni- 
ous and  learned  fociety,  who  then  met  at  Oxford  for 
theimprovement  of  natural  and  experimental  philofophy, 
and  which  at  length  produced  the  Royal  Society. 

When  very  young,  he  difeovered  a furprifing  genius 
for  the  mathematics,  in  which  fcience  he  made  great 
advances  before  he  was  16  years  of  age.- — -In  1657  he, 
was  made  profefTor  of  aftronomy  in  Grefham  college, 
London  ; and  his  lectures,  which  were  much  frequent- 
ed, tended  greatly  to  the  promotion  of  real  knowledge: 
in  his  inaugural  oration,  among  other  things,  he  pro- 
pofed  feveral  methods  by  which  to  account  for  the  fha- 
dows  returning  backward  10  degrees  on  the  dial  of  king 
Ahaz,  by  the  laws  of  nature.  One  fubjeCt  of  his  lec- 
tures was  upon  telefcopes,  to  tl'.e  improvement  of  wliicli. 
he  had  greatly  contributed  : another  was  on  certain, 
properties  of  the  aii-,  and  the  barometer.  In  the  year* 
1658  he  read  a defoription  of  the  body  and  different 
phafes  of  the  planet  Saturn  ; which  fuhjedt  h.e  pro- 
poftd  to  invefligate  while  his  colleague,  Mr.  Rooke,. 
then  profefibr  of  geometry,  was  canying  on  his  ob- 
fervations  upon  the  fatcllites  of  Jupiter,  The  fiime 
year  he  communicated  fomc  demonilratlons  concerning 
cycloids  to  Dr.  Wallis,  which  were  afterwards  pubhfhed. 
by  the  doftor  at  the  end  of  his  treatife  upon  that  fub- 
jecf.  About  that  time  alfo,  he  refolved  the  problem 
propofed  by  Pafeal,  under  the  feigned  name  of  John 
de  Montford,  to  all  the  Engliffi  mathematicians  ; and 
returned  another  to  the  mathematicians  in  France,  for- 
merly propofed  by  Kepler,  and  then  refolved  likewife 
by  himfelf,  to  which  they  never  gave  any  folution. — 
In  1660,  he  invented  a method  for  the conhrudlion  of 
lolar  eclipfes : and  in  the  latter  part  of  the  fame  year, 
he  with  ten  otler  gentlemen  formed  ihernfelves  into  a- 
fociety,  to  meet  weekly,  for  the  Improvement  of  natu- 
ral and  experimental  philofophy  ; being  the  foundation- 
of  tlie  Royal  Society. — In  the  beginning  of  1661,  he 
was  chofen  Savilian  profefTor  of  aftronomy  at  Oxfordi,, 
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:7n  the  room  of  Dr.  Seth  Ward  ; where  he  vi  asthe  fame 
year  created  Dodfor  of  Laws. 

Among  his  other  accomplifhments,  Dr.  Wren  liud 
gained  fo  confiderable  a ilvill  in  architcdfure,  ^hat  he 
was  fent  for  the  fame  year,  from  Oxford,  by  order  of 
king  Charles  the  2d,  to  afTift  5ir  John  Denham,  fur- 
veyor  general  of  tlie  works.  — In  1663,  he  was  choCcii 
fellow  of  the  Royal  Society  ; being  one  of  thofe  who 
were  find  api3oiiited  by  tlie  Council  after  the  grant  of 
their  charter.  Not  long  after,  it  being  expedled  that 
the  king  would  make  the  foclety  a vifit,  the  lord 
Brounker,  then  prefident,  by  a letter  requeued  the 
advice  of  Dr.  Wren,  concerning  the  experiments 
which  might  be  mod  proper  on  that  occafio-n  ; to  whom 
the  dodlor  recommended  principally  the  Torricellian 
experiment,  and  the  weather  needle,  as  being  not 
mere  amufements,  but  ufeful,  and  aUb  neat  in  their 
operation.  Indeed  upon  many  occadons  Dr.  Wren  did 
great  honour  to  that  illudrious  body,  by  many  curious 
and  ufefnl  difeoverieg,  in  adronomy,  natural  philofophy, 
and  other  fciences,  related  in  the  Hidory  of  the  Royal 
Society,  where  Dr.  Sprat  has  inferted  them  from  the 
regiders  and  other  books  of  the  fociety  to  1665.  Among 
others  of  his  produdfions  there  enumerated,  is  a lunar 
globe  ; reprefenting  the  fpots  and  various  degrees  of 
whitenefs  upon  the  moon’s  furface,  with  the  liills,  emi- 
nences and  cavities  ; the  whole  contrived  lo,  that  by 
turning  it  round  to  the  light,  it  (liews  all  the  lunar 
pi'.afes,  with  the  various  appearances  that  happen  from 
the  fliadows  of  the  mountains  and  valleys,  &c  ; this 
lunar  model  was  placed  in  the  king’s  cabinet.  Another 
of  thefe  productions,  is  a traCt  on  the  DoCtrine  of 
Motion  that  arlfes  from  the  impaCt  between  two  bo- 
dies, illud rated  by  experiments.  And  a third  is,  The 
Hidory  of  the  Seafons,  as  to  the  temperature,  wea- 
ther, productions,  diieafts,  &c,  &c.  For  which  pur- 
pofe  he  contrived  many  curious  machines,  feveral  of 
which  kept  their  own  regiders,  tracing  out  the  lines  of 
variations,  fo  that  a perfon  might  know  what  changes 
the  weather  had  undergone  in  his  abfence  : as  wind- 
gages,  thermometers,  barometers,  hygrometers,  rain- 
gages,  &c.— He  made  alfo  great  additions  to  the  new 
diicoveries  on  pendulums;  and  among  other  things 
fhewed,  tiliat  there  may  be  produced  a natural  dandard 
for  meafure  from  the  pendulum  for  common  ufe. — He 
invented  many  ways  to  make  adronomidal  obfervations 
more  eafy  and,  accurate ; He  dtted  and  hung  qua- 
drants, iextants,  and  radii  more  commodioufly  than 
foimei'ly:  lie  niade  two  telefcopes  to  open  with  a 
joint  like  a fcCfor,  by  which  obfervers  may  infallibly 
take  a didance  to  half  minutes,  &c.  He  made  many 
forts  of  retes,  ferews,  and  other  devices,  for  improving 
telefcopes  to  take  fmall  didances,  and  apparent  diame- 
ters, to  feconds;  He  made  apertures  for  taking  in 
more  or  lefs  light,  as  the  obferver  pleafes,  by  opening 
and  fnutting,  the  better  to  fit  glades  for  crepiifculine 
obiervaiions.— -He  added  much  to  the  tlieory  of  diop- 
trics ; much  to  the  manufacture  of  grinding  good 
glades:  He  attempted,  and  not  without  fuccefs,  the 
making  ofglaffesof  other  forms  than  fpherical.  He  exaClly 
mcafured  and  delineated  the  fpheres  of  the  humours  of 
the  eye,  the  proportions  of /which  to  pne  another  were 
only  gueded  at  before  : a difcirllion  diewing  the  reafons 
why  wc  fee  ebjeCls  ereCt,  and  that  redeClion  conduces 


as  much  to  vifion  as  refraCtion.  He  difplayed  a natu- 
ral and  eafy  theory  of  refrabfions,  which  exablly  an- 
fwered  every  experiment.  He  fully  demonfirated  all 
dioptrics  in  a few  propofitions,  fhewing  not  only,  as  in 
Kepler’s  Dioptrics,  the  common  properties  of  glades, 
but  the  proportions  by  which  the  individual  rays  cut 
the  axis,  and  each  other,  upon  which  the  charges  of 
the  telefcopes,  or  the  proportion  of  the  eye-glades 
and  apertures,  are  demonfirably  difeovered. — Fie  made 
conftant  obfervations  on  Saturn,  and  a true  theory  of 
that  planet,  before  the  printed  difeourfe  by  Huygens, 
on  that  lubjeCt,  appeared. — He  made  maps  of  the 
Pleiades  and  other  telefcopic  dars  : and  propofed  me- 
thods to  determine  the  great  queftion  as  to  the  earth’s 
motion  or  reft,  by, the  Imall  ftars  about  the  pole  to  be 
feen  in  large  telefcopes — —In  navigation  he  made  many 
improvements.  He  framed  a magnetical  terella,  which 
he  placed  in  the  midft  of  a plane  board  with  a hole,  into 
which  the  terella  is  half  immerfedr  till  it  be  like  a globe 
with  the  poles  in  the  horizon  : the  plane  is  then  dulled 
over  with  fteel  filings  from  a fieve ; the  ■ diift,  by  the 
magnetical  virtue,  becomes  immediately  figured  into  fur- 
rows that  bend  like  a fort  of  helix,  proceeding  as  it  were 
out  at  one  pole,  and  returning  in  by  the  other  ; the 
whole  plane  becoming  figured  like  the  circles  of  a pla- 
niiphere. — It  being  a queftion  in  his  time  among  the 
problems  of  navigation,  to  what  mechanical  powers 
failing  again  ft  the  wind  was  reducible ; he  dewed  it  to 
be  a wedge;  and  he  demonftrated,  how  a tranfient 
force  upon  an  oblique  plane  would  caufe  the  motion  of 
the  plane  againft  the  firft  mover  : and  he  made  an  in- 
ftrument  mechanically  producing  the  fame  effed:,  and 
fiiew^ed  the  reafon  of  failing  on  ail  winds.  Hie  geome- 
trical mcchanifm  of  rowdiig,  he  ftiewed  to  be  a lever  on 
a moving  or  cedent  fulcrum  : for  this  end,  he  made 
inftruraents  and  experiments,  to  find  the  refiftance 
to  motion  in  a liquid  medium  ; with  other  things  that 
are  the  necefi'ary  elements  for  laying  down  the  geometry 
of  failing,  fwimming,  rowing,  ilying*,  and  conftrudt- 
ing  of  Ihips — He  invented  a very  fpeedy  and  curious 
way  of  etching.  He  ftarted  many  things  towards  the 
emendation  of  water-works.  He  likewdfe  made  fome 
inftruments  for  refpiration,  and  for  draining  the  breath 
from  fuliginous  vapours,  to  try  wdiether  the  fame  breath, 
fo  purified,  will  ferve  again.— -He  was  the  firft  Inventor 
of  drawing  pidures  by  microfcopical  glalTes.  He  found 
out  perpetual,  or  at  lead  longlived  lamps,  for  keeping 
a perpetual  regular  heat,  in  order  to  various  ufes,  as 
hatching-  of  eggs  and  Infeds,  produdion  of  plants, 
chemical  preparations,  imitating  nature  in  producing 
fodils  and  minerals,  k-eeping  the  motion  of  watches 
equal,  for  the  longitude  and  aftronomical  ufes. — He  was 
the  firft  antlior  of  the  anatomical  experiment  of  injedl- 
ing  liquor  into  the  veins  of  animals.  By  this  opera- 
tion, divers  creatures  were  immediately  purged,  vo- 
mited, intoxicated,  killed,  or  revived,  according  to 
the  quality  of  the  liquor  injeded.  Flence  arofe  many 
other  new  experiments,  particularly  that  of  transfu- 
fing  blood,  which  has  been  profecuted  in  fundry  cu- 
rious inftances.  This  is  a fttort  account  of  the  princi- 
pal difeoveries  which  Dr.  Wren  preferted.,  or  fng- 
gefted,  to  the  Royal  Society,  or  were  improved  by 
him. 

As  to  his  archiLedlural  works ; .It  has  before  been 
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pWerved  tliat  he  had  been  fent  for  to  affid  Sir  [ohn 
j:>enham.  In  i66,-  jie  travelled  into  France,  to  ex- 
amine  the  moll  beautiful  edilices  and  curious  meeham- 
cal  works  there,  when  he  made  many  ureful  obferva* 
ttons.  Upon  his  return  home,  he  was' appointed  arcdii- 
and  one  of  the  comrnillioners  for  repairing  St. 
Paul’s  cathedral.  Within  a few  da5^s  after  the  fire  of 
London,  1666,  he  drew  a plan  for  a new  city,  and 
prefented  it  to  the  king ; but  it  was  not  approv- 
ed ot  by  the  parliament.  In  this  model,  the  chief 
flreets  were  to  crofs  each  other  at  right  angles,  with 
elTer  ftreets  between  them  ; the  churches,  public 
buildings,  &c,  fo  dilpofed  as  not  to  interfere  with 
the  ftreets,  and  four  piazzas  placed  at  proper  dif- 

death  of  Sir  John  Denham,  in 
1668,  lie  fucceeded  him  in  the  office  of  fiirvcyor- 
general  of  the  king’s  works  ; and  from  this  time  he 
had  the  diredion  of  a great  many  public  edifices,  by 
which  he  acquired  the  higheft  reputation.  He  built 
the  magnificent  theatre  at  Oxford,  St.  Paul’s  cathe- 
dral. the  Monument,  the  modern  part  of  Hampton 
Lourt,  Cheirca-coliege,  one  of  the  wings  of  Green- 
wich  hofpital,  the  churohes  of  St.  Stephen  Walbrook, 
and  St.  Mary-le-bow,  with  upwards  of  60  other 
churches  and  public  works,  which  that  dreadful  fire 
made  neceffary.  In  the  management  of  which  bufn 
nefs,  he  was  afiifted  in  the  meafurements,  and  laving 
mit  of  private  property,  by  the  ingenious  Dr.  Robert 
Hook.  The  variety  of  biifmefs  in  which  he  wuas  by 
this  means  engaged,  requiring  his  conftant  attendance 
and  concern,  he  refigned  his  Savilian  profefforfhip  at 
Oxford  in  1673  5 the  year  following  he  received 
from  the  king  the  honour  of  knightlioock— He  was 
one  of  the  commiffioners- who,  on  the  motion  of  Sir 
Jonas  Moore,  furveyor-general  of  the  ordnance,  had 
been  appointed  to  find  odt  a proper  place  for  creffino- 
an  obfervatory ; and  he  propofed  Greenwich,  which 
was  approved  of;  the  foundation  (lone  of  which  was 
laid  the  ioth_  of  Auguft  1675,  and  the  building  was 
piefently  liniihcd  under  the  direffion  of  Sir  Jonas 
\^  ith  the  advice  and  affiftance  of  Sir  Chrifioplier.  ^ 

^ In  1680  he  was  chofen  prefident  of  the  Royal  So- 
ciety ; afterwards  appointed  mchitect  and  commifiioner 
of  Cheliea  college  ; and  in  i6'84,  pnncipal  officer  or. 
€omptrollerg)f  the  works  iii  Windfor-ccltle.  SirChrillo-" 
pher  fat  twice  in  Parliament,  as  a reprefenlative  for  two 
different  boroughs.  While  he  continued  furveygr-'rene- 
ral,  his  refidence  was  in  Scotland-yard  ; but  after  his 
removal  fiom  that  office,  in  1718,  he  lived  in  St. 
James’s-ftreet,  Weftminfler.  He  died  the  35th  of 
February  1723,  at  91  years  of  age;  and  he  was  in- 
terred with  great  folemnity  in  St.  Paul’s  cathedral,  in 
the  vault  under  the  fouth  wing  of  the  choir,  near  the 
call  end. 

As  to  his  perfon,  Sir  Chriftopher  Wren  was  of  a 
low  ftature,  and  thin  frame  of  body  ; but  by  temper- 
ance and  ffiilful  management  he  enjoyed  a good  ftate  of 
health,  to  a very  unufual  length  of  life.  He  was  mo- 
deft,  devout,  ftridtly  virtuous,  and  very  communica- 
tive of  his  knowledge.  Befides  his  peculiar  eminence 
as  an  architect,  his  learning  and  knowledge  were  very 
extenfive  in  all  the  arts  and  fciences,  and^ efpecially  in 
the  mathematics.  ^ 

Sir  Chriftopher  never  printed  any  thing  himfelf,  but 
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feveraHf  lus  works  have  been  publiffied  by  others. 

Philofophical  Tranfaidions,  and  feme  by 
Dr.  W alius  and  other  friends.. — His  pofthumous  works 
and  draughts  were  publifked  by  his  fon. 

^ WRIGHT  (Edward),  a^noted  Eugliffi  mathema- 
tician, who  flouriffied  m the  latter  part  of  ilie  i6tb 
century,  and  beginning  of  the  17th;  dying  in  the 
year  iSi^.  He  was  contemporary  with  'Mr.  Briggs 
ana  much  concerned  with  him  in  the  bufmefs  of  tlie 
ogaritlims,  the  fhort  time  they  were  publiffied  before 
nis  death.  He  alfo  contributed  greatly  to  the  improve- 
ment of  navigation  and  afironomy.  The  followiiHr 
memoirs  of  him  are  iranflated  from  a Latin  paper  in 
the  annals  of  Gonvile  and  Cains  college  in  Cambridp-e 

w'-'l  c^md  at  London,  Edward 

\\  right  of  Garvefton  m Norfolk,  foirnerlv  a fellow  of 
this  college;  amanrefpeaed  by  all  for  the  integrity 
ana  rmiplicity  of  his  manners,  and  alfo  famous  for  his 
ikiU  in  the  mathematical  fcicnces  : fo  that  he  was  not 
imdeiervcdly  ftyled  a moft  cxccdlent  mathematician  by 
Richard  Hackiuyt,  the  author  of  an  original  treatife 
of  our  Engliffi  navigations.  What  knowkdge  he  had 
acquired  in  the  fcience  of  mechanics,  and  how  utefully 
he  employed  that  knowledge  to  the  public  as  well  a's 
pnvatc  advantage,  abundantly  appear  both  from  tlie 
writings  he  publiffied,  and  from  the  many  mechanical 
operations  flill  extant,  which  are  Handing  monumenf's 
of  his  great  indufiry  and  ingenuity.  He'  was  the  firll; 
undertaker  of  that  difficult  but  ufeful  work,  by  which 
a hrtle  river  is  brought  from  the  town  of  Ware  in  a 
new  canal,  to  fupply  the  city  of  London  wdth  water- 
but  by  the  tricks  of  others  he  was  hindered  from  com* 
pleting  the  work  he  had  begun.  He  w'as  excellent 
both  111  contrivance  and  execution,  nor  was  he  inferior 
to  the  moil  ingenious  mechanic  in  the  makino- of  in - 
nrurnents,  either  of  brafs  or  any  other  mattcT.  dk) 
h;s  invention  is  owing  whatever  advantage  Hondius’s 
geographical  charts  have  above  others;  for  it  was 
^ who  taught  Jodocus  Hondins  the  method  of 
coullruamg  them,  which  was  till  then  unknown  ; but 
tlie  ungrateful  Hondins  concealed  the  name  of  riie 
true  author,  and  arrogated  the  glory  of  the  invention 
to  hirrddf.  Cf  this  fraudulent  praaice  the  pood  man  ' 
could  not  he,p  complaining,  and  jufily  enough,  in  the 
pietace  to  his  treatiie  of  the  Correction  of'Errors  is- 
tlie  rirt  of  Navigation  ; which  he  compofed  with  ex- 
cedent  judgment,  and  after  long  experience,  to  the 
great  advancement  of  naval  affairs.  For  the  improve- 
ment  ofjhis  art  he  was  appointed  mathematical  leaurer 
by  the  Eaft-lndia  Company,  and  read  leaures  in  the 
houfe  of  that  worthy  knight  Sir  Thomas  Smith,  for 
wffiich  he  had  a yearly  falary  of  50  pounds.  This 
office  he  difcharged  with  great  reputation,  and  much 
to  the  fatisfaehion  of  his  hearers..  He  publiffied  in 
Lnghffi  a book  on  the  doaHne  of  the  fphere,  and  ano- 
ther concerning  the  conftriiaion  of  fun-dials.  He  alfo  * 
prefixed  an  ingenious  preface  to  the  learned  Gilbert’s 
book  on  the  loadftoKe.  By  thefe  and  other  his  writ- 
tranfniitted  his  fame  to  lateft  pollerity 
While  he  was  yet  a fellow  of  this  college,  he  could 
not  be  concealed  in  his  private  ftudy,  but  was  called 
iorth  to  the  public  bufmefs  of  the  nation,  by  the  queen 
about  the  year  1593,  OOther  accounts  fay  i c8q  J 
He  was  ordered  to  attend,  the  earl  of  Cumberland  in 
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^omc  maritime  expeditions.  One  oF  tlmfe  lie  lias  given 
a faithful  account  of,  in  the  manner  of  a journa  or 
ophcraeris,  to  wlhcli  he  has  prefixed  an  elegant  bydro- 
o-Vaphical  chart  of  his  own  contrivance.  A little  be- 
fore his  death  be  employed  himfelf  about  an  Eng  il  i 
tranflation  of  the  book  of  logarltdims,  then  lately  Qii- 
covered  by  lord  Napier,  a Scotchman,  who  had  a great 
affection  for  him.  This  pofthumoiis  work  of  his  \ya3 
publifned  foon  after,  by  bis  only  fon  Samuel  Wrignt, 
who  was  alfo  a fcholar  of  this  college.^  He  bad  form- 
ed many  other  ufefiil  defigns,  but  wa?  hindered  by  death 
from  bringing  them  to  perfeftion.  Of  him  it  may 
truly  be  faid,  that  he  iludied  more^to  ferve  the  pubhc 
than  himfelf ; and  though  he  was  rich  in  fame,  and  in 
the  promifes  of  the  great,  yet  he  died  poor,  to  the 
fcandal  of  an  ungrateful  aged’  So  far  the  memoir  ; 
other  particulars  concerning  him,  are  as  follow.  ^ ^ 

Mr.  Wright  lirft  difcovered  the  true  way  of  dividing 
the  meridian  line,  according  to  which  the  Metcator^s 
charts  are  conftrii6fed,  and  upon  which  Mercator  s 
failing  Is  founded.  An  account  of  this  he  fent  from 
Cains  college,  Cambridge,  where  he  was  then  a fellow, 
to  his  friend  Mr.  Blondeville,  containing  a fhort  table 
for  that  purpofe,  with  a fpecimen  of  a chart  fo  di- 
vided, together  with  the  manner  of  dividing  it.  All 
which  Blondeville  publifhed,  in  1 594,  among  his  Ex- 
erciTs.  And,  in  [597,  the  reverend  Mr.  William 
Barlowe,  in  his  Navigator’s  Supply,  gave  a demon- 
flratioii  of  this  divillon  as  communicated  by  a friend. 

At  length,  in  M'99,  Mr.  Wh'ight  himfelf  printed 
. his  celebrated  treatife,  intitled,  Ths'  Corredhn  of  certain 
Errots  in  Navigation,  which  had  been  written  many 
years  before  ; where  he  (liews  the  reafon  of  this  divi- 
fion  of  the  meridian,  the  manner  of  conftrufting  his 
t?ble,  and  its  ufes  in  navigation,  with  other  improve- 
In  16  10  a fecond  edition  of  Mr.  Wright’s 
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book  was  piibliflied,  and  dedicated  to  his  royal  pupil, 
prince  Eienry  j in  which  the  author  inferted  farther 
improvements  ; particularly  he  propofed  an  excellent 
way  of  determining  the  magnitude  of  the  earth  ; at 
the  fame  time  recommending  very  judiciouriy,  the 
making  oiir  common  meafures  in  fome  certain  propor- 
tion to  that  of  a degree  on  its  furface,  that  they  might 


not  depend  on  the  uncertain  length  of  a ^barley-corn . 
Some  of  his  other  improvements  were  ; The  Table  of 
Latitudes  for  dividing  the  meridian,  ^computed  as  far 
as  to  minutes  : An  inftrument,  he  calls  tne  Sea-nngs, 
by  which  the  variation  of  the  compals,  tne  altitude  of 
the  fun,  and  the  time  of  the  day,  may  be  readily  de- 
termined at  once  in  any  place,  provided  the  latitude  be 
known  : The  correding  of  the  errors  arifiiig  from  the 
eccentricity  of  the  eye  in  obferving  by  the  crofs-ftafF : 

A total  amendment  in  the  Tables  of  the  dedinayions 
and  places  of  tlie  fun  and  Ears,  from  bis  own  obferva- 
tions,  made  with  a fix-foot  quadrant,  in  the  years 
1594,  95,  96,  97  : A fea-quadrant,  to  take  altitudes 
bv  a forward  or  backward  obfervation  ; having  alfo  a 
contrivance  for  the  ready  finding  the  latitude  by  the 
height  of  the  pole-flar,  when  not  upon  the  meridian. 
And  that  this  book  might  be  the  better  underftood  by 
beginners,  to  this  edition  is  fubjoined  a tranflation  of  Za- 
morano’s  Compendium  ; and  added  a large  table  of  the 
variation  of  the  compafs  as  obferved  in  very  different 
parts  of  the  world,  to  ihew  it  is  not  occafioned  by  any 
magnetical  pole.  The  work  has  gone  through  leveral 
other  editions  fince.  And,  befide  the  books  above 
mentioned,  he  wrote  another  on  navigation,  intitled^ 
The  Haven-finding  Art,  Other  accounts  of  him  fay 
alfo,  that  it  was  in  the  year  15S9  that  he  firfl:  began  to 
attend  the  earl  of  Cumberland  in  his  voyages.  It  is 
• alfo  faid  that  he  made,  for  Bis  pupil,  prince  Henry a 
large  fphere  with  curious  movements,  wvhich,  by  the 
help  of  fpring-work,  not  only  reprefented  the  niotlons 
of  the  whole  celeflial  fphere,  but  (hewed  likewiL  the 
particular  fyftems  of  the  fun  and  moon,  and  their  cw- 
cnlar  motions,  together  with  their  places  and  poflibih- 
ties  of  eclipfmg  each  other  ; there  is  in  it  a work  for  a 
motion  of  17  100  years,  if  it  fhould  not  be  flopt,  or 
the  materials  fail.  This  fphere,  though  tluis  made  at  a 
great  expence  of  money  and  ingenious  induftry,  was 
afterwards  in  the  time  of  the  civil  wars  call  afide, 
among  dull  and  rubbifli,  where  it  was  found,  in  the 
year  1646,  by  Sir  Jonas  Moore,  who  at  his  own  ex- 
pence reftored  It  to4ts  firft  date  of  p^erfedlion,  and  de- 
pofited  it  at  his  own  houie  In  the  Tower,  among  hia 
other  mathematical  inflruments  and  curiofities. 
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XENOCRATES,  an  eminent  philofopher  among 
the  ancient  Gieeks,  was  born  at  Chalcedon,  and 
died  314  years  before  Chrift,  at  about  90  years  of  age. 
He  became  early  a difciple  of  Plato,  dudying  under 
this  great  mader  at  the  fame  time  with  Aridotlc, 
'though  he  was  not  poffeded  of  equal  talents  j the  for- 


mer wanting  a fpur,  and  the  latter  a bridle.  He  vvas 
fond  of  the  mathematics  ; and  permitted  none  of  his 
fcholars  to  be  ignorant  of  them.  There  was  fomething 
flovenly  in  the  behaviour  of  Xenocrates  j for  wnci. 
reafon  Plato  frequently  exhorted  him  to  facrifice  to  the 
graces#  Serioulnefs  and  feverity  were  always  feen  m y 
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deportment ; yet  notwithftanding  this  fevere  caft  of 
mind,  he  was  very  compaffionate.  There  was  fome- 
thing  extraordinary  in  the  redtitude  of  his  morals  ; he 
was  abfolute  mafter  of  his  paflions  ; and  was  not  fond 
of  pleafure,  riches,  or  applaufe.  Indeed,  fo  great  was 
his  reputation  for  fincerity  and  probity,  that  he  was  the 
only  perfon  whom  the  magiilrates  of  Athens  difpenfed 
from  confirming  his  teftimony  with  an  oath.  And 
yet  he  was  fo  ill  treated  by  them,  as  to  be  fold  becaufe 
he  could  not  pay  the  poll-tax  laid  upon  foreigners.  De- 
metrius Phalereus  bought  Xenocrates,  paid  the  debt  to 
the  Athenians,  and  immediately  gave  him  his  liberty. 
At  Alexander’s  I'equefl,  he  compoled  a treatife  on  the 
Art  of  Reigning  ; 6 books  on  Nature ; 6 books  on 
Philofophy  ; one  on  Riches,  &c  ; but  none  of  them 
have  come  down  to  thefe  times  : — His  theology  it  feems 
was  but  poor  ftuff:  Cicero  refutes  him  in  the  firii  book 
of  the  Nature  of  the  Gods. 

XENOPHANES,  a Greek  philofopher,  born  in 
Colophon,  was,  according  to  fome  authors,  the  difciple 
of  Archelaus  ; in  which  cafe  he  muft  have  been  con- 
temporary with  Socrates.  Others  relate,  that  he  taught 
himfelf  all  he  knew,  and  that  he  lived  at  the  fame  time 
with  Anaximander : according  to  which  account  he 
muft  have  flouriftied  before  Socrates,  and  about  the 
both  Olympiad,  as  Diogenes  Laertius  affirms.  He 
founded  the  Eleatic  fe6l  ; and  wrote  feveral  poems  on 
philofophical  fubjedfs  ; as  alfo  a great  many  on  the  foun- 
dation of  Colophon,  and  on  that  of  the  colony  of  Elea. 
He  wrote  alfo  againft  Homer  and  Hcfiod.  He  was  ba- 
nifhed  from  his  country,  withdrew  to  Sicily,  and  lived 
in  Zanche  and  Catana,  His  opinion  with  regard  to 
the  nature  of  God  differs  not  much  from  that  of  Spi- 
noza.— When  he  faw  the  Egyptians  pour  forth  lamen- 
tations during  their  feftivals,  he  thus-  advlfed  them 
“ If  the  objedls  of  your  worfhip  are  Gods,  do  not 
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weep:  if  they  are  men,  offer  not  facrifices  to  them.’' 
The  anfwer  he  made  to  a man  with  whom  he  refufed-' 
to  play  at  dice,  is  highly  worthy  of  a philofopher  r 
Ti'his  man  calling  him  a coward,  “ Yes,  replied  he,  I 
am  excefiively  fov^ith  regard  to  all  fhameful  actions.” 

XENOPHON,  a celebrated  Greek  general,  phiio-. 
fopher,  and  hiftorlan,  was  born  at  Athens,  and  became 
early  a difciple  of  Socrates,  who,  fays  Strabo,  faved 
his  life  in  battle.  About  the  ^^oth  y^r  of  his  age  he 
engaged  in  the  expedition  of  Cyrus,  and  accomplilhed 
his  immortal  retreat  in  the  fpace  of  1 5 months.  The 
jealoufy  of  the  Athenians  banilhed  him  from  his  native 
city,  for  engaging  in  the  fervice  of  Sparta  and  Cyrus. 
On  his  return  therefore'  he  retired  to  Scillus,  a town 
of  Elis,  where  he  built  a temple  to  Diana,  which 
he  mentions  in  his  eplftles,  and  devoted  his  leifure  to 
philofophy  and  rural  fports.  But  commotions  arifing 
in  that  country,  he  removed  to  Corinth,  where  it  feems 
he  wrote  his  Grecian  Hiftoiy,  and  died  at  the  age  of 
90,  in  the  year  360  before  Chrlft. 

By  his  wife  Philefia  he  had  two  fons,  Diodorus  and 
Gryllus.  The  latter  rendered  himfelf  immortal  by 
killing*  Epaminondas  in  the  famous  battle  of  Man- 
tinea,  but  periftied  In  that  exploit,  which  his  father- 
lived  to  record. 

The  bell  editions  of  his  works  are  thofe  of  Franck- 
fort  in  1674,  and  of  Oxford,  in  Greek  and  Latin,  in. 
1703,  5 vols.  8vo.  Separately  have  been  pubhftied. 
his  CyropeecUa,  Oxon.  1727,  qto,  and  1736,  8vo. 
Cyn  Anabajis,  Oxon.  1733,  4to,  and  1747,  8vo.  Me-- 
viorah'dia  Socratis^  Oxon.  1741,  8vo. — His  Cyropcedia 
has  been  admirably  tranflated  into  Englifti  by  Spelman,, 

XIPHIAS,  in  Aftronomy,  is  the  Dorado  or  Sword- 
fifh,  a conftellatlon  of  the  fouthern  hemlfphere  ; being 
one  of  the  new  conftellations  added  by  modern  allro- 
iiomers  ^ and  confilling  of  6 ftarsonly.  See  Dorado. 
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Yard,  a llneal  meafure,.  or  meafure  of  length, 
ufed  in  England  and  Spain  chiefly  to  meafure 
cloth,  ftuffs,  &c.  The  Yard  was  fettled  by  Henry  the 
jft,  from  the  length  of  his  own  arm. 

The  Englilh  Yard  contains  3 feet  ; and  it  is  equal 
to  4-5ths  of  the  Engllfh  ell, 
to  y-gths  of  the  Paris  ell, 
to  4-3ds  of  the  Flemifh  ell, 
to  56-5-ifts  of  the  Spanifii  vara  or  Yard. 

Yard,  or  Golden  Yard,  is  alfo  a popular  name  given 
to  the  3 ftars  which  corapofe  the  belt  of  Orion. 

YEAR,  in  the  full  extent  of  the  word,  is  a fyftem 
or  cycle  of  feveral  months,  ufually  12.  Others  define 
Year,  in  the  general,  a period  or  fpace  of  time,  mea- 
fured  out  by  the  revolution  of  fome  celeftlal  body  in 
VoL.  II, 
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its  orbit.  Thus,  the  time  in  which  the  fixed  ftars 
make  a revolution,  is  called  the  great  Tear  ; and  the 
times  In  which  Jupiter,  Saturn,  the  Sun,  Moon,  &c, 
complete  their  courfes,  and  return  to  the  lame  point  of 
the  zodiac,  are  refpe<^Iively  called  the  Years  of  Ju- 
piter, and  Saturn,  and  the  Solar,  and  Lunar  Years,  Sec, 
As  Year  denoted  originally  a revolution,  and  w'as-- 
n-ot  limited  to  that  of  the  lun  ; accordingly  we  find 
by  the  oldeft  accounts,  that  people  have,  at  different* 
times,  expreffed  other  revolutions  by  it, , particularly 
that  of  the  moon  ; and  confequently  that  the  Years  of 
fome  accounts,  are  to  be  reckoned  only  months,  and 
fometimes  periods  of  2,  or  3,  or  4 months.  ThIs' 
will  help  us  greatly  in  underftanding  the  accounts  that 
certain  nations  give  of  their  own  antiquity,  and  per- 
4 X hapi> 
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Uin  of  die  a^e  of  men.  We  read  exprefsly,  m-leve« 
ral  of  the  old  Greek  writers,  that  the  Egyptian  \ car, 
at  one  period,  was  or.ly  a month  ; and  we  are  iarthcr 
told  that  at  other  peiioJs  it  was  3 montns,  or  4 
months  : and  it  is  probable  that  tlm  ehd.dren  of  lirael 
fcllowedthe  Egyptian  account  ol  their  Yeais.  the 
E^n-ptians  talked,  almoll  2000  years  ag.o,  ot  naving 
accounts  of  events  4S  thonfand  Years  dillance.  A 
'Treat  deal  mnu  be  allowed  to  fallacy,  on  the^ above  ac- 
count ; but  befide  this,  the  Egyptians  had,  in  the  lime 
of  the  Greeks,  the  fame  ambition  which  the  Chineie 
have  at  prefent,  and  wanted  to  pafs  themielyes  upon 
that  people,  as  thefe  others  do  upon  us,  for  the  oldeit 
inhabitants  of  the  earth.  They  had  reconrfe  a fo^to 
the  fame  means,  and  both  the  prefent  and  the  early  im^ 
poftors  have  pretended  to  ancient  obfervatlons  of  the 
heavenly  bodies,  and  recounted  eclipfes  in  particular, 
to  vouch  for  the  truth  of  their  accounts.  Since  the 
time  in  which  the  folar  YTar,  or  period  of  the  eartlds 
revolution  round  the  fun,  has  been  received,  we  may 
account  with  certainty  ; but  for  thole  remote  ages,  in 
which  we  do  not  know  of  a certainty  what  is  meant  by 
the  term  Year,  it  is  impoiTible  to  form  any  conjedture 
of  the  duration  of  time  in  the  accounts.  The  Baby- 
lonians pretend  to  an  ahtiquity  of  the  fame  lomantic 
kind  ; they  talk  of  47  thoufand  Years  in  which  they 
had  kept  obfervations ; but  we  may  judge  of  thefe  as 
of  the  others,  and  of  the  obfervations  as  of  the  Ycais. 
The  Egyptians  fpeak  of  the  Ears  haying  four  times  al- 
tered their  courfes  in  that  period  which  they  elaim  foi 
their  hidory,  and  that  the  fun  fet  twice  in  the  eaft. 
They  were  not  fuch  perfect  aftronomers,  but,  after  a 
round-about  voyage,  they  might  perhaps  miftake  the 
eaft  for  the  weft  when  they  came  in  again. 

Ye AR, 'or  Sol AR  Year,  properly,  and  by''  way  of 
eminence  fo  called,  is  the  fpace  of  time  in  which  the 
fun  moves  through  the  12  ftgns  of  the  ecliptic.  This, 
by  the  obfervations  of  the  beft  modern  aftronomers, 
contains  36^  days,  5 hours,  48  min.  4^  feconds  i the 
quantity  affumed  by  the  authors  of  the  Gregorian  ca-= 
lendar  is  365  days,  5 hours,  49  min.  But  in  the  civil 
or  popular  account,  this  Year  only  contains  365  days  5 
except  every  4th  Y’^ear,  which  contains  3^^* 

The  viclffitiide  of  feafons  feems  to  have  given  occa- 
fion  to  the  firft  inftitution  of  the  YTar.  Man,  natii- 
ralk  curious  to  know  the  caufe  of  that  diverfity,  foon 
foursd  it  was  the  proximity  and  diftancc  of  the  fun  i 
and  therefore  gave  the  name  Year  to  the  fpace  of  time 
in  which  that  luminary  performed  his  wdiole  courfe,  ^by 
returning  to  the  iame  point  of  his  orbit.  According 
to  the  accuracy  in  their  obfervations,  'the  Year  of  fome 
nations  was  more  pertedf  than  that  of  others,  but  none 
of  them  quite  exadt,  nor  wTiofe  parts  did  not  (Iiift 
with  regard  to  the  parts  of  the  fun’s  courfe. 

According  to  Herodotus,  it  was  the  Egyptians  who 
hrft  formed  the  Year,  making  it  to  contain  3^^'  days, 
which  they  fubdlvided  into  1 2 months,  of  30  days 
each.  Mercury  Trifmegiftus  added  § days  more  to  the 
account.  And  on  this  footing  it  is  faid  that  Thales 
ipftituted  the  Year  among  the  Greeks ; though  that 
form  of  the  Year  did  not  hold  throughout  all  Greece. 
Alfo,  the  Jewifti,  Syrian,  Roman,  Perfian,  Ethiopic, 
Arabic,  &c  Years,  were  all  different.  In  faiA,  con- 
fidering  the  imperfed  ftate  of  aftronomy  in  tliofe  ages, 

9 


f E A 

it  is  no  wonder  that  different  people  ffopld  dRagree  ia 
the  calculation  of  the  funk  courfe.  Yi e are  even  affured 
hy'  lliod.  Siculus,  hb.  I.  Rlutarcb,  in  iNuma,  and 
Fliny,  lib.  7,  cap.  4B,  that  the  Egyptian  Year  itfelf  wat 
at  iirft  very  different  from  that  now  reprelented. 

The  folar  Y^ear  is  either  afironomlcal  or  civih 
i:\-iQ  AJironomical  YY.ar,  is  that  which  is  de^ 

termiued  precifely  by  alironomical  obfervations , and 
is  of  two  kinds,  trx>plcai,  and  Jidcreal  or  aJlraU 

TroAcah  or  Nntiird  Year,  is  the  time  the  fun  takes 
in  paffing  through  the  zodiac  ; which,  as  before  obferv* 
ed,  is  365d.  ^ b.  48m.  48fec,  ; or  36.5d.  511,  49min, 
This  is  the  only  proper  or  natural  YTar,  becaufe  it  aU 
ways  keeps  the  fame  feafons  to  the  fame  months. 

S'ldcTcal  or  AJItciI  Year,  is  the  fpace  of^time  the 
fun  takes  in  paffing  from  any  fixed  ftar,  till  his  return 
to  it  again.  This  coufiftsof  365  d^6h,  9m.  17  fee,  | 
being  20  m.  29  fee.  longer  than  the  true  folar  year. 
Lunar  Year,  is  the  fpace  of  iz  lunar  months* 
Hence,  from  the  two  kinds  of  fynodical  lunar  months, 
there  arife  two  kinds  of  lunar  Y ears  j the  one  ci/}rov.Q-> 
mica!^  the  other  clviL 

Lunar  AJironoviical  Y'ear,  confifts  of  12  iUnai' 
fynodical  months;  and  therefore  contains  354^“ 

48m.  gSfec,  and  is  therefore  lod.  2ih,  om,  lok 
fhorter  than  the  folar  Year.  A difference  which  is  the 
foundation  of  the  Epad, 

Lunar  GYi/ Year,  is  either  comm.on  or  embolifmic,^ 
The  Common  Lunar  Year  confifts  of  1%  lunar  civil 

months ; and  therefore  contains  354  days.  And 

The  KmhoTifmc  or  Intercalary  Lunar  Year,  confifti 
of  13  lunar  civil  months,  and  therefore  contains  384 
days. 

Thus  far  we  have  conffdered  Years  and  months^ 
with  regard  to  .aftronomical  principles,  upon  -which 
the  divifion  is  founded.  By  this,  the  various  forms  of 
civil  Years  that  have  formerly  obtained,  or  that  do 
ftlll  obtain,  in  divers  nations,  are  to  be  examined, 

C/luV  Year,  is  that  form  of  Year  which  every  nation 
has  contrived  or  adopted,  for  computing  their  time  by. 
Or  the  civil  is  the  tropical  Year,  confidered  as  only 
confifting  of  a certain  number  of  whole  days  i the  odd 
hours  and  minutes  being  fet  afide,  to  render  the  com* 
putarion  of  time,  in  the  common  occaffons  of  life, 
more  eafy.  As  the  tropical  Year  is  3^5  5 49 

or  almoft  365 d.  6h.  which  is  36^  days  and  a quarter  | 
therefore  if  the  civil  Year  be  made  363  days,  every 
4th  year  it  muff  be  366  days,  to  keep  nearly  to  the 
courfe  of  the  fun.  And  hence  the  civil  Year  is  either 
comma?!  or  The 

Conanon  Civil  Year,  is  that  confifting  of  363  days; 
having  feven  months  of  31  days  each,  four  of  30  days, 
and  one  of  28  days;  as  indicated  by  the  following 
well  known  memorial  verfes  1 

Thirty  days  hath  September, 

April,  June,  and  November; 

February  twenty-eight  alone, 

And  all  the  reft  have  thirty-one, 

JBtffextih  or  Xr/2/  Year,  confifts  of  366  days  j having 
one  day  extraordinary  ; called  the  intercalary,  or^biff 
fextUe  day  ; and  takes  place  every  4th  Year,  ihis 
additiou^il  day  to  every  4th  Year^  was  flrft  introduced 
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Julius  Cge far  ; who,  to  make  the  civU  Years  keep 
pace  with  the  tropical  ones,  contrived  that  the  6 hours 
which  the  latter  exceeded  the  former,  fliould  make  one 
day  in  4-  years,  and  be  added  between  the  24th  and 
5 3’d  of  February,  which  was  their  6th  of  the  calends 
of  March  ; and" as  they  then  counted  this  day  twice 
over,  or  had  bis  fexto  calendas,  hence  the  Year  itfelf 
came  to  be  c.d(\c<^bis  f xltis,  and  I'l/fextllc. 

However,  among  us,  the  intercalary  day  Is  not  in- 
troduced by  counting  the  ’ejd  of  February  twice  over, 
but  by  adding  a day  at  the  end  of  that  month,  which 
therefore  iu  that  Year  contains  29  days. 

A farther  reformation  was  made  in  this  year  by  Pope 
Gregory.  See  Gregorian  Y^ear,  Calendar,  Bissex- 
tile, and  LEAP'2^v/r, 

The  Civil  or  Legal  Year,  in  England,  formerly 
commenced  on  the  day  of  the  Annunciation,  or  25th 
of  March  ; though  the  hiftorical  Year  began  on  the 
day  of  the  Circumcifion,  or  ill  of  January  ;_on  which 
dav  the  German  and  Italian  Year  alfo  begins.  7'he 
part  of  the  Year-  between  thefe  two  teims  was  ufually 
cxprelTed  both  ways:  as  i745'^5  ^ /4i'*  But  b\ 

the  ad  for  alteringkhe  File,  the  civil  Year  now  com- 
mences with  tVie  ill  ol  January^. 

Ancient  Roman  Year.  This  wasjhe  lunar  Year, 
which,  as 'firll  fettled  by  Romulus,  contained  only  ten 
months,  of  unecjuRl  numbers  of  days  in  the  follow  mg 

prder  : viz,  ^ . ... 

March  31  ; April  30;  May  31  ; June  30;  Qiiintilis 

31;  Sextilis  30;  September  30;  Odober  3 i ; _ Novem- 
ber 30  ; December  30;  In  ail  304  days;  which  came 
Ihort  of  the  true  lunar  YTar  by  50  days  ; and  of  the 
folar  by  61  days.  Hence,  the  beginning  of  Romulus’s 
Year  \vas  vague,  and  unfixed  to  any  precife  feafon  ; 
to  remove  which  inconvenience,  that  prince  ordered  fo 
msny  days  to  be  added  yearly  as  would  make  the  Fate 
of  the  heavens  correfpond  to  the  firll  month,  without 
ca-llng  them  by  the  name  of  any  month. 

Numa  Pompilius  correded  this  irregular  conllitution 
of  the  Year,  compofing  two  new  nronths,  January  and 
February,  of  the  days  that  were  ufed  to  be  added  to 
the  forrner  Year.  Thus  Numa’s  year  confided  of  12 
months,  of  different  days,  as  follow  ; viz, 

January  - 29;  February  2^8;  March  - - 31  ; 

April  - - 29;  May  - - 3M  - - - 29  ; 

Qiiintilis  31;  Sextilis  29;  September  29; 

O'dober  - 31;  November 29;  December  29; 

m all  3c  5 days  ; therefore  exceeding  the  quantity  of  a 
lunar  euvil  Year  by  one  day  ; that  of  a lunar  alb  onomical 
Year  bv  i i J*"  22® ; bii-t  falling  lliort  of  the  common 
folar  Year  by  10  days;  io  that  Its  beginning  was  Hill 

vague  and  unfixed.  . , • •, 

Numa,  however,  defiring  to  have  it  begin  at  the 
winter  folffice,  ordered  22  days  to  be  intercalated  m 
February  every  2d  Year,  23  every  4th,  22  every  6th, 
und  23  every  8th  Year. 

But  this  rule  failing  to  keep  matters  even,_  recouiie 
was  bad  to  a new  way  of  intercalating  ; and  inllead  of 
22  days  every  Sth  Year,  only  13  were  to  be  added. 
7'he  care  of  the  whole  was  committed  to  the  ponti- 
fex  maximus;  who  however,  negledling  the  trnll,  let 
thlmr-s  run  to  great  confufion.  And  thus  ^the  Roman 
Year  Food  tiUJulius  Ctdhr  reformed  it.  See  Calen- 


dar. And  for  the  manner  of  reckoning  the  days  gf 
the  Roman  months,  fee  Calends^  Nones,  and  Ides’. 

Julian  Year.  7''his  is  in  effedt  a folar  Year,  corn- 
mo'nly  containing  36^'  days;  though  evei-y  4th  Year, 
called  Biffextile,  it  contains  366.  7^he  months  of  the 
Julian  Year,  with  the  number  of  their  days,  Food 
thus  : 

January  -31;  February  - 28;  March  '*.31? 
April  - " ■ 3°  ^ 

July  - -'3t>  ikuguF  - - 31  ; September  30. 

Odtober  - 31  j November  30;  December  31. 

But  every  Biffextile  Year  had  a day  added  in  Februar'.  ■> 
making  it  then  to  contain  29  days. 

7’he  mean  quantity  therefore  of  the  Julian  Year  is 
365^  days,  or  365'^  6^  ; exceeding  the  true  folar  Year 
by  lomeuhat  more  than  li  minutes;  an  excefs  which 
amounts  to  a whole  day  in  almoF  131  years.  Flencc 
the  times  of  the  equinoxes  go  backward,  and  fall  earlier 
by  one  day  in  about  13001’  131  Years,  And  thus 
the  Roman  Year  Food,  till  it  was  farther  corrcClcd  by 
pope  Gregory. 

For  fettling  this  Year,  Julius  Csefar  brouglit  over 
from  Egypt,  Sofigenes,  a celebrated  matliematician  ; 
who,  to  fiipply  the  defect  of  6y  days,  wliich  had  been 
loF  tlirough  theucgledl  of  tlic  pricFs,  and  to  bring  the 
beginning  of  the  Year  to  the  winter  foHlice,  made  one 
Year  to  confiF  of  13  months,  or  413  days  ; on  which 
account  that  Year  was  ufed  to  be  called  annus  conjufion'is^ 
the  Tear  of  confufion*  ^t^Jfulian  Calendar. 

Gregorian  Year.  This  is  the  Julian  Year  corrcdled 
by* this  rule,  viz,  that  inFead  ol  every  fecular  or  looth 
Year  being  a biffextile,  as  it  would  be  in  the  former 
way,  in  the  new  way  three  of  them  are  common  Years, 
and  only  tlie  4th  Is  blfiextdc. 

Idle  error  of  ii  minutes  in  the  Julian  Year,  by  con- 
tinual repetition,  had  accumulated  to  an  error  of  13 
days  from  the  time  when  Caefar  made  his  correilion  ; 
by  which  means  the  equinoxes  were  greatly  diFurbed. 
Ill  the  Year  1382,  the  equinoxes  were  fallen  back  10 
days,  and  the  full  moons  4 days,  moie  backwaid  than 
they  were  in  the  time  of  the  Nicene  council,  whicli  was 
in  the  Year  325  ; viz,  the  former  fiorn  the  20th  o7 
March  to  the  loth,  and  the  latter  from  the  ^tfi  to  tlie 
iF  of  April.  7"'o  remedy  this  increafing  irregularity, 
pope  Gregory  the  i3Lh,  in  the  year  1382.,  called  toge- 
ther the  cliief  allronomcrs  of  his  time,  and  concerted 
this  coirettlon,  ilii’owing  out  the  10  days  above  men- 
tioned. He  exchanged  the  lunar  c)  cle  for  that  of  tiie 
ejNidls,  and  maJc  the  4th  of  Odlobcr  of  lliat  Year  to  be 
tlie  131b;  by  that  means  refloring  the  vernal  equinox 
to  tlie  2 1 F of  h h'irch.  It  was  alfo  jirovided,  ijy  the  omif- 
fion  of  3 mterealary  days  in  400  Years,  to  make  the 
civil  Year  keep  pace  nearly  with  the  iolar  Year,  for  tlie 
time  to  come.  See  Calendar. 

In  the  Year  17QO,  the  error  of  10  days  was  grown  to 
II  ; UDon  wliich,  the  proteFant  Hates  ot  Germany,  to 
prevent  farther  confufion,  adopted  the  Gregorian  correc- 
tion. xYnd  tlic  fame  was  accepted  alfo  in  England  in 
the  year  1752,  when  i i days  were  thrown  out  after  the 
2d  of  September  that  Year,  by  accounting  the  3d  to  he 
the  igtti  day  of  the  month  : calling  tliis  the  new  ilile, 
and  the  former  the  old  File.  And  the  Gregciian,  or 
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?new  (lile,  Is  now  In  like  manner  ufed  in  inofl;  countries 
■of  Europe. 

Yet  this  laft  coiTeftlon  is  kill  not  quite  perfeft  ; for 
a?  it  has  been  Oiewn  that  in  4 centuries,  the  Julian 
'Year  gains  3'^  a*''  40"'  ; and  as  it  is  only  the  3 days  that 
are  kept  out  in  the  Gregorian  Year  ; there  is  kill  an 
excefs  of  2''  40'"’  in  - 4 oenturies,  which  amounts  to  a 
Yvhole  day  in  36  centuries,  or  in  3600  Years,  See  Ca- 
lendar, Ndcu  o r Gtr^D rian  .Stile,  &c . 

EgyptiunYEt^v.,  called  alfo  the  Tear  of  Nahona/Jlir, 
on  account  of  the  epoch  of  Nabonaflar,  is  the  folar 
“Year  of  363  days,  divided  into  12  months,  of  30  days 
-each,  befide  5 intercalary  days,  added  at  the  end.  The 
-order  and  names  of  thefe  months  are  as  follow  ; 

I.  Thoth  ; - - 2.  Paoplii  ; - - 3,  Athyr; 

4.  Chojac ; - - 3,  Tybi  ; - - 6.  Mecheir; 

7,  Phamenoth;  8.  Pharmuthi;  9,  Pachon ; 

10.  Pauni  ; - - ,11.  Epiphi  ; - 12.  Mefori. 

As  the  Egyptian  Year,  by  negledfing  the  6 hours, 
in  every  4 Years  lofes  a whole  day  of  the  Julian  Year, 
its  beginning  runs  through  every  part  of  the  Julian 
Year  in  the  ipace  of  1460  Years  ; after  which,  they 
,.;‘meet  again  ; for  which  reafon  it  is  called  the  erratic 
Year.  And  becanfe  this  return  to  the  fame  day  of  the 
Julian  Year,  is  performed  in  the  fpace  of  1460  Julian 
Years,  this  circle  is  called  the  Sothic  period. 

This  Year  was  applied  by  the  Egyptians  to  civil 
nfes,  till  Anthony  and  Cleopatra  were  defeated  ; but 
the  mathematicians  and  akronomers  nfed  it  till  the 
time  of  Ptolomy,  who  made  ufe  of  it  in  his  Almagek  ; 
fo  that  the  knowledge  of  it  is  of  great  ufe  in  af- 
kronomy,  for  comparing  the  ancient  obfervations  with 
the  modern. 

The  ancient  Egyptians,  we  are  told  by  Diodorus  Si- 
culus, (Plutarch,  lib.  i,  In  the  life  of  Numa,  and 
Pliny,  lib.  7,  cap.  48)  meafured  their  Years  by  the 
courfe  of  the  moon.  At  firk  they  were  only  one 
month,  then  3,  then  4,  like  that  of  the  Arcadians  ; 
.and  then  6,  like  that  of  the  people  of  Acarnania. 
Thofe  authors  add,  that  it  is  on  this  account  that 
they  reckon  fuch  a vak  nuxnber  of  Years  from  the  be- 
ginning of  the  world  ; and  that  in  the  hikory  of  their 
kings,  we  meet  with  fome  who  lived  loco,  or  1200 
Years.  The  fame  thing  is  maintained  by  Kircher ; 
Ocdip,  Egypt,  tom.  2,  pa.  252.  And  a late  author 
obfervcs,  that  Varro  has  affirmed  the  lame  of  all  na- 
tions, that  has  been  quoted  of  the  Egyptians.  By 
■which  means  many  account  for  the  great  ages  of  the 
more  ancient  patriarchs  ; expounding  the  gradual  de- 
creafe  in  their  ages,  by  the  fuccekive  increafe  of  the 
number  of  months  in  their  rears. 

Upon  the  Egyptians  being  fubdiied  by  the  Romans, 
they  received  the  Julian  Year,  though  with  fome  alte- 
ration ; for  they  kill  retained  their  ancient  months, 
with  the  five  additional  days,  and  every  4th  Year  they 
intercalated  another  day,  for  the  6 hours,  at  the  end 
cf  the  Year,  or  between  the  2Sth  and  29th  of  Auguk. 
Alfo,  the  beginning  of  their  Year,  or  the  firk  day  of 
the  month  Thoth,  anfwered  to  the  29th  of  Auguk  of 
the  Julian  Year,  or  to  the  30th  if  it  happened  to  be 
leap  Year. 

The  Ancient  Greek  Year. — This  was  a lunar  Year, 
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confiking  of  12  months,  which  at  firk  had  each  30 
days,  then  alternately  29  and -30  days,  computed  from 
the  firk  appearance  of  the  new  moon  ; with  the  addi- 
tion of  an  emboiifmlc  month  of  30  days,  every  3d,  yth, 
8th,  I ith,  14th,  i6th,  and  19th  Year  of  a cycle  of 
19  Years  ; in  order  to  keep  the  new  and  full  moons  to 
the  fame  terms  or  feafons  of  the  Year. 

Their  Year  commenced  with  that  new  moon  which 
was  nearek  to  thefummer  folkice.  And  the  order  of  the 
months,  with  the  number  of  their  days,  were  as  follow  : 
I.  of  29  days;  2.  Myjraysiryiiijy  30; 

3.  Bon^pojuicoy  29  ; 4.  Mai/^aurv^iojy  30  j 3.  lloa- 
vfTjiwv  29;  6.  Uo'C-£io£cov  30;  7.  rajccrj?\icov  29; 
8.  Avdsfn^ieiv  30  ; 9.  29-,  lo. 

30;  II.  OapynT^icov  29  j 12.  T^nipotpopioiv  30.— 
But  many  of  the  Greek  nations  had  other  names  for 
their  months. 

7 he  ylnc  'ient  JewjfJj  Year. — This  is  a I unar  YTar, 
ufually  confiking  of  1 1 months,  containing  alternately 
30  and  29  days.  And  it  was  made  to  agree  with  the 
folar  Year,  by  adding  ii,  and  fometimes  12  days,  at 
the  end  of  the  Year,  or  by  an  embollfmic  month.  The 
order  and  quantities  of  the  months  were  as  follow : 
I.  Nifan  or  Abib  30  days;  2.  Jiar  or  Zius  29; 
3.  Siban  or  Sievan  30;  4.  Thamuz  or  Tamuz  20; 
5-.  Ab  30  ; 6.  Elul  29;  7.  Tifri  or  Ethanim  30  , 
8.  Marchefvam  or  Bui  29  ; 9.  Cifleii  30;  10.  Tebeth 
29;  II.  Sabat  or  Schebeth  30;  12,  Adar  30  in  the 
embollfmic  year,  but  29  in  the  common  year. — Note, 
in  the  defeftive  YearJ’  Cifleu  was  only  29  days  ; and  in 
the  redundant  Y'ear,  Marchefvam  was  30, 

The  Modern  yevolfh  Ye hE  Is  likewife  lunar,  confik- 
ing of  12  months  in  common  Years,  hut  of  13  in  em- 
bolifmic  Years  ; which,  in  a cycle  of  19  Years,  are  the 
3d,  6th,  8th,  luh,  i4th,  17th,  and  igth.  Its  be- 
ginning is  fixed  to  the  new  moon  next  after  the  autum- 
nal  equinox.  The  names  and  order  of  the  months, 
with  the  number  of  the  days,  are  as  follow  : i.  Tifri 

30  days;  2.  Marchefvan  29;  3.  Cifleu  30;  4.  Te- 
beth 29;  5.  Schebeth  30;  fi.  Adar  29;  7.  Veadar, 
in  the  embolifmic  year,  30  ; 8.  Nifan  30  ; 9.  liar  29-; 
10.  Sivan  30;  1 1. Thamuz  29;  12.  Ab  30;  13,  Elul  29. 

The  Syrian  Y^ear,  is  a folar  one,  having-  its  becrin- 
ning  fixed  to  the  beginning  of  Odfober  in  the  Julian 
Year  ; from  which  it  only  differs  in  the  names  of  the 
months,  the  quantities  being  the  fame;  as  follow: 
I.  Tiffirin,  anfwering  to  our  06f;ober,  and  containing 

31  days;  2.  Latter  Tifhrin,  containing,  like  Novem- 
ber, 30  days;  3.  Canun  3 i ; 4.  Latter  Canun  31; 
3.  Shabat  28,  or  29  in  a leap-year;  6.  Adar  31  ; 

7,  Nifan  30  ; 8.  Aiyar  31  ; 9.  Haziram  30  ; 10.  Tha- 
111112  31  ; II.  Yb  3 I ; 12.  Elul  30.  ^ 

The  PerfanYEAK,  is  a folar  one,  of  365  days,  con- 
fiking of  !2  months  of  30  days  each,  with  3 interca- 
lary days  added  at  the  end.  The  months  are  as  follow: 

I.  Afrudia  meh  ; 2.  Ardihafeht  meh  ; 3.  Cardi 

meh  ; 4.  Thir  meh  ; 5.  Merded  meh  ; 6.  Schabarir 
meh  ; 7.  Mehar  meh  ; 8.  Aben  meh  ; 9,  Adar  meh  ; 
!0.  Di  meh  ; i i.  Behen  meh  ; 12.  Affirtr  meh.  This 
Year  is  the  fame  as  the  Egyptian  NabonaTarean,  and  is 
called  the  yrxr/eyfrrA  Tear^  to  diking utfh  it  from  the 
fixed  folar  Year,  called  the  Gelalean  Year,  which  the 
Perfians  began  to  ufe  to  the  Year  -1079,  which  was 
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formed  by  an  Intercalation,  made  fix  or  feven  times  in 
four  Years,  and  then  once  every  :;th  Year. 

The  ylrahlc,  Mahometan,  and 'Turkj/]j  Year,  called 
alio  the  Year  of  the  Hegira,  is  a lunar  Year,  equal  to 
354^^  8“^  48^?  and  confiils  of  12  months,  containing 
alternately  30  and  29  days.  Though  fomctimes  it  con- 
tains 13  months;  the-  names  &c  being  as  follow; 
.1.  Miiharram  of  3c days  ; 2.  Sapliar  29  ; 3.  Rahia  30  ; 
4.  Latter  Rabia  29;  5.  Jornada  30  ; 6.  Latter  Jorna- 
da 29  ; 7.  Rajab  30  ; 8.  Shaaban  29  ; 9.  Ramadan  30  ; 
10.  Sha\val29  ; ii.  Dulkaadah  30;  12.  Dulheggia  29, 
but  In  the  embolifmlc  year  30.  An  Intercalary  day  is 
added  every  2d,  5th,  7th,  loth,  13th,  15th,  18th,  2 ill. 


24th,  26th,  jqtb,  in  a cycle  of  29  Years.  TTe  months 
commence  with  the  hrft  appearance  of  the  new  moons 
after  the  conjundlions. 

Ethwpic  Year,  is  a folar  Year  pcrfedly  agreeing 
with  the  Adfiac,  except  in  the  names  of  the  months, 
which  are;  i»  Mafcaram ; 2.  Tykympt  ; 3.  Hy- 

dar ; 4.  Tyflias;  t;.  Tyr  ; 6.  Jacatil ; 7.  Wagabit; 
8.  Mijazia;  9.  Ginbat  ; lo.  Syne;  il.  Hamel; 
12.  Hahafe.  Intercalary  days  3.  It  commences 
with  the  Egyptian  Year,  on  the  29th  of  Augiiil  of 
the  Tulian  Year. 

YESDEGERDIC  Year.  See  Pcrjian  Year. 
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ZENITH,  in  Aftronomy,  the  vertical  point,  or 
f point  In  the  heavens  diredlly  overhead.  Or,  tlie 
Zenith  is  a point  in  the  furface  of  the  fphere,  from 
which  a right  line  drawn  through  the  place  of  any  fpec- 
tator,  palTes  through  the  centre  of  the  earth. 

The  Zenith  of  any  place,  is  alfo  the  pole  of  the  ho- 
rizon, being  90  degrees  dulant  from  every  point  of  it. 
And  through  the  Zenith  pafs  all  the  azimuths,  or  ver- 
tical circles. 

The  point  diametrically  oppofite  to  the  Zenith,  is 
called  the  nadir,  being  the  point  in  the  fphere  diredfly  , 
under  our  feet : and  it  is  the  Zenith  to  our  antipodes, 
as  our  Zenith  is  their  nadir. 

'LE-^iTH-Dijlance^  is  the  didance  of  the  fun  or  dar 
from  our  Zenith;  and  is  the  complement  of  the  alti- 
tude, or  what  it  wants  of  90  degrees. 

ZENO,  Eleates,  or  of  Elea,  one  of  the  greated 
philofophers  among  the  Ancients,  dourifhed  about 
300  years  before  the  Chridian  rera.  He  was  the  dif- 
ciple  of  Parmenides,  and  even,  according  to  fome 
writers,  his  adopted  fon.  Aridotlc  aderts  that  he  was 
the  inventor  of  logic  : but  his  logic  feems  to  have  been 
calculated  and  employed  to  perplex  all  things,  and  not 
to  clear  up  any  thing.  For  Zeno  employed  it  only  to 
difpute  againd  all  comers,  and  to  filence  his  opponents, 
whether  they  argued  right  or  wrong.  Among  many' 
other  fubtleties  and  embarraffing  argumiCnts,  he  pro- 
pofed  fome  with  regard  to  motion,  denying  that  ther 
wasany  fuch  thing  in  nature  ; and  Aridotle,  in  the  6th 
book  of  his  phyfics,  hasprekrved  fome  of  them,  which 
are  extremely  fubtile,  cipeciaily  the  famous  argument 
named  Achilles  ; which  was  to  prove  this^propofition, 
that  the  fwifteft  animal  could  never  overtake  the  llovved, 
as  a greyhound  atortoife,  if  the  latter  fet  out  a little 
fore  the  former;  for  fuppofe  the  tortoife  to  be  100 
yard-s  before  the  dog,  and  that  this  runs  icd  times  as 
fad  as  the  other;  then  while  the  dog  runs  the  firft 
irjo  yards,  the  tortoife  riinS(  and  is  theiefcre  i yard 


before  the  dog  ; ^gain,  while  the  dog  runs  over  this 
yard,  the  tortoife  will  run  the  looth  part  of  a yard,  and 
will  be  fo  much  before  the  dog  ; and  again,  while  the 
dog  runs  over  this  lOOth  part  of  a yard,  the  tortoife 
will  have  got  the  lOOth  part  of  that  looth  part  be- 
fore him  ; and  fo  on  continually,  fays  he,  the 
dog  will  always  be  fome  fmall  part  behind  the  tor- 
toife.  But  the  fallacy  will  foon  be  detected,  by 
conddering  where  the  tortoife  will  be  when  the  dog 
has  run  over  200  yards  ; for  as  the  former  can  have 
run  only  two  yards  In  the  fame  time,  and  therefore 
mud  then  be  98  yards  behind  the  dog,  he  confe- 
quently  mud  have  overtaken  and  pafled  the  tortoife.  It 
has  been  faid  that,  to  prove  to  him,  or  fome  difciple  of 
his,  that  there  is  Inch  a thing  as  motion,  Diogenes  the 
Cynic  rofe  up  and  walked  over  the  floor. — Zeno 
fliewed  great  courage  in  fud'ering  pain  ; for  having 
joined  with  others  to  endeavour  to  redore  liberty  to  his 
country,  which  groaned  under  the  oppreilion  of  a tv- 
rant,  and  the  enterprize  being  difeovered,  he  fupported 
with  extraordinary  firmnefs  tlie  (harped  tmtures.  It  Is 
even  laid  that  he  had  the  courage  lo  bite  olf  his  tongue, 
and  fpit  it  In  the  tyrant’s  face,  for  fear  of  being  forced, 
by  tlie,  violence  of  liis  torments,  to  difeover  his  accom- 
plices. Some  fay  that  he  was  pounded  to  death  in  a mortar. 

Zeno,  a celebrated  Greek  philofopher,  was  born 
at  Citium,  in  the  Ifle  of  Cyprus,  and  was  the  found- 
er of  the  Stoics ; a feet  which  had  Its  name  from 
that  of  a portico  at  Athens,  wlicre  this  philofopher 
chofe  to  bold  his  difeontfes;  Me  was  cad  upon  that 
coad  by  (hlpvvreck  ; and  he  ever  after  regarded  this  as 
a great  happineis,  -praiflng  the  winds  for  having  fo 
happily  driven  him  into  the  port  of  Pir^um, — Zeno 
was  the  difciple  of  Crates,  and  had  a great  number  of 
followers.  He  made  the  fovereign  good  to  con  fid  in 
dying  in  conformity  to  nature,  guided  by  the  didfates 
of  right  reafon.  He  acknowledged  but  one  God  ; and 
admitted  an  Inevitable  ddliny  over  all  events.  Hi« 
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fervant  taking  advantage  of  this  lad  opinion,  cried, 
while  he  was  beating  him  for  diflioneily,  “ I v^as  de- 
fined to  deal  to  which  Zeno  replied,  Yes,  and  to 
be  beaten  too.”  This  philofopher  ufed  to  fay,  That 
if  a wife  man  ought  not  to  be  in  love,  as  foune 
tended,  none  would  be  more  miferable^  than  beautiful 
and  virtuous  women,  knee  they  would  have  none  101 
their  admirers  but  fools.”  .He  ^ alfo^ faid,  That  a 
part  of  knowledg’C  conlifts  in  being  ignoiant  of  fiich 
tilings  as  ought  not  to  be  known  ; tiiat  a fiiend  is  ano- 
ther""’icif:  that  a little  matter  gives  perfedion  to  a 
woik,  though  perfediion  is  not  a little  irialter. 
compared  thofe  who  fpeke  well  and  liyeci  ill,  to  the 
money  of  Alexandria,-,  which  was  beautifiu,  but  com- 
pofed  of  bad  metal.— It  is  faid  that  being  hurt  by  a 
fall,  he  took  that  as  a lign  he  was  then  to  cpiit  this 
life,  and  laid  violent  hands  on  himfelf,  about  264  years 
before  Chrid 


Zodiac  or  ecliptic,  and  is  alfo  the  fun’s  greated  decliY 
nation. 

The  Zodiac  is  divided  into  12  equal  parts,  of  jo 
degrees  each,  called  the  figns  of  the  Zodiac,  being  fo 
named  from  the  condeliaiions  which  anciently  paffed 
them.  But,  the  dars  liaving  a motion  from  wed  to 
ead,  thofe  condellations  do  not  now  correfpond  to  their 
proper  ilgns  ; from  wlience  arifes  v/hat  is  called  the 
preceffion  of  the  equinocccs.  And  therefore  when  a dar 
is  fald  to  be  in  fuch  a hgn  of  the  Zodiac,  it  is  not  to 
be  undcrliood  of  that  condelk 
dodecatem.ory  or  1 2th.  part  of  it 

Cainni  has  alio  obferved  a track  in  tlie  heavens,  with- 
in wliofe  bounds  mod  of , the  comets,  tliough  not  all 
of  them,  are  obferved  to  keep,  and  winch  he  therefore 
calls  the  Zodiac  of  the  comets.  This  be  makes  as  broad 
as  the  otlier  Zodiac,  and  marks  it  with  figns  or  con- 
deilations,  like  tlmt  ; as  Antinous,  Pegaihs,  Andra- 


lat  coniteliation,  but  only  of  that 


Cleanthes,  Cryfippus,  and  tlie  other  ^fuccefibrs  of 
Zeno  maintained,  that  with  virtue  we  might  be^happy 
in  tlie  midd  even  of  difgrace  and  the  mod  dreadfuHor- 
ments,  Tlity  admitted  the  exideiice  of  only  one  God, 
the  foul  of  tlie  world,  which  they  confidered  as  his  bo- 
dy, and  both  togetlier  forming  a perfedt  being,  /t  is 
remarked  that,  of  all  the  feAs  of  the  ancient  philofo- 
phers,  this  was  one  of  thofe  which  produced  the  great- 
ed men. 

V'le  ought  not  to  confound  the  two  Zenos  above 
mentioned,  with 

Zeno,  a celebrated  Epicurean  philofopher,  born  at 
Sidon,  who  had  Cicero  and  Pomponius  Atticus  for  his 
difciuies,  and  who  wrote  a book  againd  the  mcitneroa- 
tics,'wTich,  a.s  well  as  that  of  Poifidonius’s  refutation 
of  it,  is  lod  ; nor  with  feveral  other  Zenos  mentioned 
in  hi  dory. 

ZENSUS,  oi-Zenzus,  in  Arithmetic  and  Algebra? 
a name  ufed  by  lome  ot  the  older  authors,  efpecially  in 
Germany,  for  a fquare  number,  or  the  2d^  power  ; 
being  a corruption  from  the  Italic  cenji,  or  ^Pacioli, 
Tartaiea,  &c,  or  the  Latin  cenfiis^  evhich  figuified  the 
fame  thing. 

ZETETICE,  or  Zetetic  Method,  in  Mathema- 
tics, was  the  method  made  ule  of  to  invedigate,  or 
fmd  out  the  folution  of  a problem  ; and  was  much  the 
fame  thing  as  analytics,  or  the  analytic  metliod. 

Vieta  has  an  ingmious  work  of  this  kind  111  y books  ^ 
Zeteticarim  lihn  quinque, 

ZOCCO,  ZoccoLO,  ZocLE,  or  Socle,  in  Archi- 
tedfme,  a fquare  body,  lefs  in  heiglit  than  breadth, 
praced  under  tlie  bafes  of  pededals,  fiatues,  vafes,  &c. 
See  Socle  and  Plinth. 

ZODIAC,  in  Adronorny,  an  imaginary  ring  or 
broad  circle,  in  the  heavens,  in  form  of  a belt  01  girdle, 
within  which  the  planets  all  make  their  exciirfions.  In 
tdie  very  middle  of  it  runs  fhe  ecliptic,  01  path  of  tiu, 
fun  in  his  annual  courfe  ; and  its  breadth,  comprehend- 
ing the  deviations  or  latitudes  of  the  planets,  is  liy 
fom.e  authors  accounted  ] 6°,  fome  18,  and  others  20 
de,grees. 

the  Zodiac,  cutting  the  equator  obliquely, ^ makes 
with  it  the  fame  angle  as  the  ecliptic,  whicli  is  its  rnid- 
die  line,  which  angle,  continually  varying,  is  now  nearly 
e<pial  to  23°  28'  \ vvhieli.  is  called  the  ohiiciuity  of  tlie 


rneda,  Taurus,  Orion,  the  Lefier 


Dog, 


Hydra,  the 


Centaur,  Scorpion,  and  Sagiitary. 

ZODIA.CxAL  Light,  a brightnefs  fometimes  ob- 
ferved  in  the  zodiac,  refernbling  that  of  the  galaxy  or 
milky  way.  It  appears  at  certain  fealoiis,  viz,  towards 
the  end  of  winter  and  in  fpnng,  after  fun  jet,  or  before 
his  rifing,  in  autumn  and  beginning  ot^tvvinter,  re- 
fembling  the  form  of  a pyramid,  lying  lengthways 
witli  its  axis  along  the  -zodiac,  its  bale  being  placed 
obliquely  with  refpedl  to  the  horizon.  This  pheno- 
mencm  was  fird  deferibed  and  named  by  the  elder  Caf- 
fini,  In  1683.  It  was  afterwards  obferved  by  Fatio, 
in  3:684,  i68y,  and  1686;  alio  by  Kirch  and  Eimrnart, 
in  168.S,  H8q,  1691,  1693,  atid  1694*  See  Mairan, 
Suite  des  Mem.  de  PAcad.  Roy  ale  des  Sciences  173  A 

P^-'  3' 

The  Zodiacal  light,  according  to  Mairan,  is  the. 
folar  atmolphere,  a rare  and  fubtile  fluid,  either  lu- 
mfinous  by  itfelf,  or  made  fo  by  the  rays  of  the  fun 
funounding  its  globe  ; but  in  a greater  quantity,  and 
more  extenfively,  about  his  equator,  than  any  other 
part. 

Mairan  fays,  it  may  be  proved  from  m.any  obferva- 
tions,  that  the  funk-  atmolphere  fometimes  reaches  as 
far  as  the  earth’s  orbit,  and  there  meeting  with  our 
atmofphere,  produces  the  appearance  ot  an  Auioia 
borealis. 

The  length  of  the  Zodiacal  light  varies  fometimes  in. 
reality,  and  fometimes  in  appearance  only,  from  various, 
caufes. 

Caffini  often  mentions  the  great  refemblanc^between 
the  Zodiacal  light  and  the  tails  of  cornets.  The  fame, 
obfervation  lias  been  made  by  Fatio  ; and  Itnler  en- 
deavoured to  prove  that  they  were  owing  to  fimilar. 
cauft.«.  See  Decouverte  de  la  Lumiere  Celeile  que  p^* 
roit  dans  le  Zodiaque,  art.  41.  Lettre  a M.  Caflini,. 
printed  at  Arnflerdam  in  1686.  Euler,  in  Mem.  ds 
l.’Acad.  de  Berlin,  tom.  2. 

This  light  feems  to  liave  no  other  motion  than  that 
of  the  fun  itfelf;  and  its  extent  from  the  fun  to  its 
point,  is  feldom  lefs  than  50  or  Co  degrees  in  length, 
and  more  tlian  20  degrees  in  breadth;  but  it  has 
been  known  to  extend  to  lOO  or  103°,  and  from  8 to 

9°  broad.  • , 

It  is  now  generally  acknowledged,  that  the  electric 

fluid  is  the  caufe.  of  the  aurora  borealisj  aferibed  by 
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to  the  folar  atmofpliere,  which  produces  the 
ZodiHQal  light j and  which  is  throv/n  off  chiefly  and 
to  the  greateil  diftance  from  the  equat  orial  parts  of  the 
luiij,  by  means  of  the  rotation  on  his  axis,  and  ex- 
tending vlfibly  as  far  as  the  orbit  of  the  earth,  where 
it  falls  into  the  upper  regions  of  oirr  atrnofpherc^ 
and  is  collected  chiefly  towards  the  polar  parts  of  the 
earth,  in  confequence  of  the  diurnal  revolution,  where 
it  forms  the  aurora  borealis.  And  hence  it  has  been 
fugg'efled,  as  a probable  conjecture,  that  the  fun  may 
be  the  fonntain  of  the  electrical  fluid,  and  that  the 
Zodiacal  light,  and  the  tails  of  comets,  as  well  as  the 
nurora  boreailsj  the  lightning,  and  artificial  electricity, 
are  its  various  and  not  very  difilmilar  modiflcations, 

ZONE,  in  Geography  and  Aftronomy,  a diviflon 
of  the  earth*s  furface,  by  means  of  parallel  circles, 
chiefly  with  refpsdt  to  the  degree  of  heat  in  the  dlflerent 
parts  of  that  furface. 

The  ancient  aftronomers  ufed  the  term  Zone,  to 
explain  the  different  appearances  of  the  fun  and  other 
heavenly  bodies,  with  the  length  of  the  days  and  nights ; 
and  the  geographers,  as  they  ufed  the  climates,  to 
mark  the  fituation  of  places i uling  the  term  climate 
when  they  were  able  to  be  more  exadlq  and  the  term 
Zone  when  lefs  fo. 

The  Zones  were  commonly  accounted  flve  in  num'« 
her  ; one  a broad  belt  round  the  middle  of  the  earth, 
having  the  equator  in  the  very  middle  of  it,  and 
bounded,  towards  the  north  and  fouth,  by  parallel 
circles  paflmg  through  the  tropics  of  Cancer  and  Capri- 
corn, This  they  called  the  iorrid  Zone^  which  they 
fiippofed  not  habitable,  on  account  of  its  extreme  heath 
Though  fometimes  they  divided  this  into  two  equal 
torrid  Zones,  by  the  equator,  one  to  the  north,  and 
the  other  fouth  j ^nd  then  the  whole  number  of  Zones 
w^as  accounted  6? 

Next,  from  the  tropics  of  Cancer  and  Capricorn,  to 
the  two  polar  circles,  were  tv-'o  other  fpaces  called 
imperate  Zonss,  aa  being  moderately  warm  j and  thef(? 

. they  fuppofed  to  be  the  only  habitable  parts  of  the 
earth. 
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Lafliy,  tb,e  two  fpaces  beyond  the  temperate  Zones, 
about  either  pole,  bounded  within  the  polar  circles,  and 
having  the  poles  in  the  middle  of  them,  are  the  two 
frigid  or  frozen  Zones,  and  which  they  fuppofed  not  ha- 
bitable, on  account  of  the  extreme  cold  there. 

Hence,  the  breadth  of  the  torrid  Zone,  is  equal  to 
twice  the  greatefl;  declination  of  the  fun,  or  obliquity  of 
the  ecliptic,  equal  to  46°  or  twice  23''  28%  Each 
frigid  Zone  is  alfo  of  the  fame  breadth,  the  cliflance 
from  the  pole  to  the  polar  circle  being  equal  to  thv^ 
fame  obliquity  zf  28'.  And  the  breadth  of  each 
temperate  Zone  is  equal  to  4f  4%  the  complement  of 
twice  the  fame  obliquity.  Sec  thefe  Zones  exhibited 
in  plate  ^5,  fig,  16. 

The  difference  of  Zones  is  attended  with  a great 
diverfity  of  phenomena,  i.  In  the  torrid  Zone,  the 
fun  paffes  through  the  7,enith  of  every  place  in  It  twice 
a year  ; making  as  It  were  two  fummers  in  the  year  i 
and  the  inhabitants  of  this  Zone  are  called  amphif clans , 
becaufe  they  have  their  noonHay  fliadows  projedlcd 
different  ways  in  different  times  of  the  year,  nortliward 
at  one  feafon,  and  fouth  ward  at  the  other, 

2.  In  the  temperate  and  frigid  Zones,  the  fun  rife? 
and  fets  every  natural  day  of  34  hours,  Yet  every 
where,  but  under  the  equator,  the  artificial  days  arc 
of  luieaual  lengths,  and  the  inequality  is  the  greater, 
ns  the  place  is  farther  from  the  equator.  The  inhabit 
tants  of  the  temperate  Zones  are  called  heierofclans i 
becaufe  their  noon-day  fhadow  k caft  the  fame  way 
nil  the  year  round,  viz,  thofe  in  the  north  Zone  toward 
the  north  pole,  and  thofe  In  the  fouth  Zone  toward 
the  foutli  pole, 

3,  Vvhihin  the  frigid  Zones,  the  inhabitants  have 
their  artificial  days  and  nights  extended  out  to  a great 
length  i the  fun  ibrnctimes  flditing  round  a little  above 
the  horizon  for  many  days  together?  and  nt  another 
feafon  never  rifing  above  the  horizon  at  all,  but  making 
continual  night  for  a confiderable  fpace  of  time,  The. 
inhabitants  of  thefe  Zonep  are  cd^Wed  perlfcjansi  becaufe 
fometimes  they  have  their  fltadow§  going  quite  round 
them  in  the  fpace  of  ^4  hours* 
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ADDENDA  et  CORRIGENDA. 
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Accelerated  Motion,  pa.  i8,coi.  t,  ime  17 

from  the  bottom,  after  fecond  inftant,  add,  or 
fmall  part  of  time. — 1.  6 from  the  bottom, yor  in  every 
inftant,  read  at  every  moment. — L 2 from  bottom,  for 
read  32^ — col.  2,  1.  I and  2, /or  32^,  48L^4j» 
readioi\.\,  I28|. 

ACCELERATING  Force,  pa.  21,  col.  2,  1.  27,  for 
requires,  read  acquires. 

Pa.  22,  col.  2,1.  16  from  the  bottom,  for  t — vt 
• ■ • * 
read  s — vt. — next  line,  for  t and  s,  read  t and  s. 

ACHROMATIC,  pa.  23,  col.  2,  1.  14,  for  frac- 
tions, read  refradlions.  ' 

Pa.  26,  col.  1,  1.  12,/or  Verltus,  read  Veritas. 

After  1.  9,  add,  Since  this  article  was  printed,  I ob- 
ferve,  in  the  3d  volume  of  the  Edinburgh  Philofophical 
Tianfablions,  an  account  of  a curious  fetof  experiments, 
on  the  unequal  refrailgibillty  of  light,  with  obferva- 
tions  on  Achromatic  telefcopes,  by  Dn  Robert  Blair. 
This  Ingenious  gentleman  fets  out  with  obfervlng,  “ If 
the  theory  of  the  Achrornatic  telefcope  is  fo  complete  as 
it  has  been  reprefented>  may  It  not  reafonably  be  de- 
manded, whence  it  proceeds,  that  Hugenius  and  others 
could  execute  telefcopes  with  fmgle  objedl  glaffes  8 
inches  and  upwards  in  diameter,  while  a compound  ob- 
jefl  glafs  of  half  thefe  dimenfions,  is  hardly  to  be  met 
with  ? or  ho\V  it  can  arife  from  any  defedt  in  the  execu- 
tion, that  reflcdfors  can  be  made  fo'  much  fhorter  than 
Achromatic  refradlors  of  equal  apertures,  when  it  is 
well  known  that  the  latter  are  much  lefs  affedted  by  any 
imperfedfions  In  the  execution  of  the  lenfes  compofing 
the  objedl  glafs,  than  vededtors  are  by  equal  defedts  in 
the  figure  of  the  great  fpeculum  } — The  general  anfwer 
made  by  artifes  to  enquiries  of  this  kind,  is,  that  the 
fault  lies  in  the  imperfedf  ion' of  glafs,  and  particularly 
in  that  kind  of  glafs  of  which  tlie  concave  lens  of  the 
compound  objedt  glafs  is  formed,  called  dint  glafs.— - 
It  was  in  order  to  fatisfy  myfelf  concerning  the  reality 
of  this  difficulty,*  and  to  attempt  to  remove  it,  that  I 
engaged  in  the  following  courfe  of  experiments.’^ 

Dr.  Blair  deferibes  the  apparatus  and  manner  of 
making  the  experiments.  He  employed  various  prifms 
of  diffierent  kinds  of  glafs  alfo  leufes  of  glaL,  and  of 
VoL.  II, 
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a great  variety  of  fluid  mediums,  having  difleicnt  de- 
grees of  refradfioiii  Having  detailed  the  whole  at  Con- 
fiderable  length,  for  which  a reference  muft  be  made  to 
the  work  itfelf,  and  it  is  very  deferving  of  attentive  pe- 
riifal,  he  concludes  with  the  following  recapitulation  of 
the  contents  and  fcope  of  the  whole  difeourfe. 

“ The  unequal  refrangibility  of  light,  as  dlfcovered 
and  fully  explained  by  Sir  Ifaac  Newton,  fo  far  hands 
its  ground  uncontroverted,  that  w'hen  the  refradliorr  is 
made  in  the  confine  of  any  medium  whatever,  and  a va- 
cuum, the  rays  of  different  colours  are  unequally  re- 
fracted, the  red-making  gays  being  the  lead  refrangi- 
ble, and  the  violet-making  rays  the  moll  refrangible. 

“ The  difeovery  of  what  has  been  called  a different 
difperfive  power  in  different  refra6live  mediums,  proves 
thofe  theorems  of  Sir  Ifaac  Newton  not  to  be  univer- 
fal,  in  which  he  concludes  that  the  difference  of  refrac- 
tion of  the  mod  and  lead  refrangible  rays,  is  always  in  a 
given  proportion  to  the  refradtion  of  the  mean  refran- 
gible ray.  There  can  be  no  doubt  that  this  pofition  is 
true  with  refpedt  to  the  mediums  on  which  he  made  his  ^ 
experiments  5 but  there  are  many  exceptions  to  it. 

“ For  the  experiments  of  Mr.  Dollond  prove,  that 
the  difference  of  refraction  between  the  red  and  violet 
rays,  in  proportion  to  the  refraCtion  of  the  whole  peneih 
is  greater  in  fome  kinds  of  glafs  than  in  water,  and 
greater  in  flint-glafs  than  in  crown-glafs. 

“ The  fird  fet  of  experiments  above  recited,  prdve* 
that  the  quality  of  difperfing  the  rays  in  a greater  degree 
than  crown-glafs,  Is  not  confined  to  a few  mediums,  but 
is  poffcfftd  by  a great  variety  of  fluids,  and  by  fome 
of  thefe  in  a mod  extraordinary  degree.  Sola'fions  of 
metals,  effential  oils,  and  mineral  acids,  with  the  exi^ep- 
tion  of  the  vitriolic,  are  mod  remarkable  In  this  refpedf. 

“ vSome  confequences  of  the  combinawons  of  me- 
diums of  diflerent  dilperfiv^  powers,  t^diich  have  lYot 
been  fufheiently  attended  to,  are  then  explained.  Al- 
though the  greater  refrangibility  of  the  violet  rays  than 
of  the  led  rays,  when  light  paffes  from  any  medium 
whatever  into  a vaenutn,  mav  be  confidercd  aS  a-law  of 
nature,  yet  in  the  paffage  of  light  from  one  medium 
into  another,  it  depends  entirely  on  the  qualities  t>f 
the  mediums,  which  of  thefe  rays  (hall  be  the  mod  re- 
frangible, or  whether  there  fliall  be  any  difference  in 
their  refrangibility, 
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The  application  of  the  demonllratlons  of  Huge- 
-thus  to  the  correction  of  the  aberration  from  the  fpheri- 
cai  figures  of  lenfes,  whether  folid  or  fluid,  is  then 
taken  notice  of,  as  being  the  next  flep  towards  per- 
ledfing  the  theory  of  telefcopes, 

“ Next  it  appears  from  trials  made  with  objedf-glafTes 
cf  very  large  apertures,  in  which  both  aberrations  are 
corrected  as  far  as  the  principles  will  admit,  that  the 
corredlioii  of  colour  which  is  obtained  by  the  common 
combination  of  two  mediums  wliich  differ  in  difperfive 
power,  is  not  complete.  The  homogeneal  green  rays 
emerge  molt  refracted,  next  to  thefe  the  united  blue 
and  yellow,  then  tlie  indigo  and  orange  united,  and 
laftly  the  united  violet  and  red,  which  are  lead  refradted, 

“ If  tliis  prodiidtion  of  colour  were  conftant,  and  the 
length  of  the  fecondary  fpedtrum  were  the  fame  in  all 
combinations  of  medimns  when  the  whole  refradtion  of 
the  pencil  is  equal,  the  perfedt  corredtion  of  the  aberra- 
tion from  difference  of  retraugibility  would  be  Impoffi- 
ble,  and  would  remain  an  infurmountabie  obflacle  to 
the  improvement  of  dioptrical  inftruments. 

The  ofjjedt  of  the  next  experiment  is,  thei*efore,  to 
fea  I'ch, whether  nature  affords  mediums  which  differ  in  the 
degree  in  whichthey  difperlethe  rays coinpofing  the  prlf- 
rnatic  fpedtrum,  and  at  the  fame  time  fepai'ate  the  fe- 
deral orders  of  rays  in  the  fame  proportion.  For  if 
fuch  could  be  found,  the  above-mentioned  fecondary 
ipectrum  would  vanifh,  and  the  aberration  from  differ- 
ence of  refrangibillty  might  be  removed.  The  refult  of 
this  inveillgation  was  unfuccefsful  with  refpedl  to  its 
principal  objedl;.  In  every  combination  that  was  tried, 
the  fame  kind  of  uncorredfed  colour  wasohierved,  and 
it  was  thence  concluded,  that  there  was  no  diredf  me- 
thod of  removing  the  aberration. 

“ But  it  appeared  in  the  courfe  of  the  experiments, 
that  the  bteadlh  of  the  fecondary  fpedirum  was  lefs  in 
fome  combinations  than  in  others,  and  thence  an  indi- 
rect way  opened,  leading  to  the  correction  fought  af- 
ter ; namely  by  forming  a compound  concave  lens  of  the 
materials  which  produce  moll  colour,  and  combining 
it  with  a compound  convex  lens  formed  of  the  materials 
w'hich  produce  leaft  colour  ; and  it  was  obferved  in 
what  manner  this  might  be  effected  by  means  of  three 
mediums,  though  apparently  four  are  required. 

“ In  fearching  for  mediums  bed  adapted  for  the 
above  purpofe,  a very  lingular  and  important  quality 
was  deteited  in  the  muriatic  acid.  In  all  the  dlfperlive 
mediums  hitherto  examined,  the  green  rays,  which  are 
the  mean  refrangible  in  crovvn-glafs,  were  found  among 
the  lefs  refrangible,  and  thence  occafion  the  uncorredted 
colour  which  has  been  deferibed.  In  the  muriatic  acid,  on 
the  contrary,  thefe  fame  rays  make  a part  of  the  more 
rcfrangil^^g^;  and  in  confequence  of  this,  the  order  of 
the  colours  in  the  fecondary  fpedfrum,  formed  by  a 
combination  of  crown  glafs  with  this  diild,  is  inverted, 
the  homogeneal  green  being  now  the  leaft  refrangible, 
and  the  united  red  and  violet  the  moll  refrangible. 

“ Thia  remarkable  quality  found  in  the  marine  acid 
led  to  complete  fuccefs  in  removing  the  great  defedf  of 
optical  inftruments,  that  diffipation  or  aberration  of  the 
rays,  arlfing  from  their  unequal  refrangibility,  which 
has  rendered  it  impofilble  liitherto  to  converge  all  of 
them  to  one  point  either  by  fingle  or  oppofite  refraCfions. 
A fluid  in  which  the  particles  of  marine  acid  and  metal- 


line particles  hold  a due  proportion,  at  the  fame  time  that 
it  feparates  the  extreme  rays  of  the  fpedfrum  much 
more  than  crown-glafs,  refradfs  all  the  orders  of  raya 
exactly  in  the  fame  proportion  as  the  glafs  does;  and 
hence  rays  of  all  colours,  made  to  diverge  by  the  refrac- 
tion of  the  glafs,  may  either  be  rendered  parallel  by  a 
fubfequent  relracffion  made  in  the  confine  of  the  glafs 
and  this  fluid,  or  by  weakening  the  refraiftive  denfity  cf 
the  fluid,  the  refraction  which  takes  place  in  the  con- 
fine  of  it  and  glafs,  may  be  rendered  as  regular  as  re- 
flexion, while  the  errors  arifing  from  unavoidable  im- 
ptrfedions  of  workmanfhlp,  are  far  lefs  hurtful  than  in 
reflexion,  and  the  quantity  of  light  tranfmitted  by  equal 
apertures  of  the  telefcopes  much  greater, 

“ Such  are  the  advantages  which  the  theory  prefentSa. 
In  reducing  this  theory  to  practice,  difficulties  rnuft  be 
expected  in  the  firft  attempts.  Many  of  thefe  it  was 
neceflary  to  furmount  before  the  experiments  could  be 
completed.  For  the  delicacy  of  the  obfervatlorj^  is 
fuch  as  to  require  a conliderable  degree  of  perfection  in 
the  execution  of  the  objeCl-glaffes,  in  order  to  admit  of 
the  phenomena  being  rendered  more  apparent  by  means 
of  high  magnifying  powers.  Great  pains  feem  to  have, 
been  taken  by  mathematicians  to  little  purpofe,  in  caU 
dilating  the  radii  of  the  fpheres  requlfite  for  Achro- 
matic telefcopes,  from  their  not  confidering  that  the 
objeCt-glafs  itfelf  is  a much  nicer  teft  of  the  opticnl 
properties  of  refraCting  mediums  than  the  grofs  experi- 
ments made  by  prifms,  and  that  tire  reiults  of  their  de- 
monftrations  cannot  exceed  the  accuracy  of  the  data^. 
ho  wever  much  they  may  fallffiort  of  it. 

“ I fhall  conclude  this  paper,  which  has  now  greatly 
exceeded  its  intended  bounds,  by  enumerating  the  feve- 
ral  cafes  of  unequal  refrangibility  of  light,  that  their- 
varieties  may  at  once  be  clearly  apprehended.. 

In  the  refraction  which  takes  place  in  the  confine 
of  every  knovrn  medium  and  a vacuum,  rays  of  different 
colours  are  unequally  refrangible,  and  the  red-making 
rays  are  leaft  refrangible,  and  the  violet-making  rays, 
are  moft  refrangible. 

“ This  diflerence  of  refrangibility  of  the  red  and  vio- 
let rays  is  not  the  fame  in  all  mediums.  Thoie  mediums.; 
in  which  the  difference  isgreateft,  and  wliich,  by  con^- 
fequence,  feparate  or  difperfe  the  rays  of  different  co- 
lours molt,  have  been  diftinguilhed  by  the  term  difper- 
five, and  thofe  mediums  vvhich  feparate  the  rays  leaff 
have  been  called  iudlfperfive.  Difperfive  mediums  dif- 
fer from  indifperfive,.  and  ftillmore  from  each  ether,  ia 
another  very  effentlal  circumftance. 

“ It  appears  from  the  experiments  which  have  beem 
made  on  indifperfive  mediums,  that  the  mean  refran-- 
gible  light  is  always  the  fame,  and  of  a green  co- 
lour. 

“ Now,  in  by  far  the  largeft;  clafs  of  difperfive  me- 
diums, including  flint  glafs,  metallic  fohitions,  effen- 
tial  oils,  the  green  light  is  not  the  mean  refrangible  or- 
der, but  forms  one  of  the  lefs  refrangible  orders  of 
light,  being  found  in  the  prifmatic  fpedtrum  nearer  t© 
the  deep  red  than  the  extreme  violet. 

“ In  another  clafs  of  difperfive  mediums,  which  in- 
cludes the  muriatic  and  nitrous  acids,  this  fame  green: 
light  becomes  one  of  the  more  refrangible  orders,  being 
now  found  nearer  to ‘the  extreme  violet  than  the 
deep  red. 
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“ Tliefe  are  the  varieties  in  the  rcfrangibility  of 
light,  when  the  refradion  takes  place  in  the  coniine  of 
3 vacuum  ; and  the  phenomena  will  fcarce  differ  fenfi- 

•fcly  in  refractions  made  in  the  conhne  of  deiife  mediums 
and  air. 

But  wlien  light  paffes  from  one  denfe  medium  into 
another,  the  cafes  of  unequal  refrangibility  are  more 
complicated. 

In  refractions  made  in  the  conhne  of  mediums 
which  differ  only  in  flrength,  not  in  quality,  as  in  the 
confine  of  water  and  crow'n-glals,  or  in  the  confine  of 
the  diffeient  kinds  of  difperfive  fluids  more  or  lefs  di- 
luted, the  difference  of  refrangibility  will  be  the  fame  as 
above  hated  in  the  confine  of  denfe  mediums  and  air, 
only  the  whole  refiaCtlon  will  be  lefs. 

In  the  conhne  of  an  indifperhve  medium,  and  a 
rarer  medium  belonging  to  either  clafs  of  the  difper- 
hvc,  the  led  and  violet  rays  may  be  rendered  equally 
refrangible.  If  the  difperhve  power  of  the  rare  medium 
be  then  increafed,  the  violet  rays  will  become  the  lead 
refrangible,  and  the  red  rays  the  mcfl  refrangible.  If 
the  mean  refraClive  denhty  of  the  tvvo  mediums  be  ren- 
dered equal,  the  red  and  violet  rays  will  be  refracted  in 
oppohte  dircClions,  the  one  towards,  the  other  from  the 
perpendicular. 

“ Thus  it  happens  to  the  red  and  violet  rays,  which- 
foever  clafs  of  difperhve  mediums  be  employed.  But 
the  refrangibility  of  the  intermediate  orders  of  rays,  and 
efpecially  of  the  green  rays,  will  be  different  when  the 
clafs  of  difperhve  mediums  is  changed. 

T.  bus,  in  the  hrft  cafe,  wdrere  the  red  and  violet 
rays  arc  rendered  equally  refrangible,  the  green  rays 
will  emerge  nroll  refrangible  if  the  hrft  clafs  of  difper- 
five mediums  is  ufed,  and  lead  refrangible  if  the  fecond 
clafs  is  ufed.  And  in  the  other  two  cafes,  wdrere  the 
violet  becomes  lead  refrangible,  and  the  red  mod  re- 
frangible,  and  where  thefe  tw^o  kinds  of  rays  are  re- 
fraCled  in  oppohte  direCIions,  tlie  green  rays  will  join 
the  red  if  the  hrd  clafs  of  difperhve  mediums  be  em- 
ployed, and  will  arrange  themfelves  with  the  violet  if 
the  fecond  clafs  be  made  ufe  of. 

“Only  one  cafe  more  of  unequal  refrangibility  remains 
to  be  dated  ; and  that  is,  when  light  is  refracted  in  the 
conhne  of  mediums  belonging  to  the  two  different 
claffesof  difperhve  fluids,  lu  its  tranhtion,  for  exam- 
ple, from  an  effential  oil,  or  a metallic  folution,  into 
the  muriatic  acid,  the  refractive  denhty  of  thefe  fluids 
may  be  fo  adjuded,  that  the  red  and  violet  rays  fhall 
fuffer  no  rerraCtion  in  paffing  from  the  one  into  the 
other,  how  oblique  foever  their  incidence  be.  But 
the  green  rays  will  then  fuffer  a conhderablc  refraCtion, 
and  this  refraCtion  wall  be  from  the  perpendicular,  when 
light  pades  from  the  muriatic  acid  into  the  effential  oil, 
and  tow'ards  the  perpendicular,  when  it  paffes  from  the 
effential  oil  into  the  muriatic  acid.  The  other  orders 
of  rays  wu'll  fuffer  hmilar  refraClions,  wdiich  will  be 
greated  in  thofe  adjoining  the  green,  and  w’ill  dimi- 
nifh  as  they  approach  the  deep  red  on  the  one  hand, 
and  the  extreme  violet  on  the  other,  where  the  refrac- 
tion ceafes  entirely. 

“ The  manner  of  tlie  produCIion  of  thefe  effefts,  by 
the  attraClion  of  the  feveral  mediums,  may  be  thus  ex- 
plained. We  ffiall  fuppofc  the  attractive  forces,  which 


produce  the  refraCtions  of  the  red,  green  and  vio- 
let light,  to  be  reprefented  by  the  numbers,  8,  12, 
and  16,  ill  glafs  ^ 6,  iq,  in  the  metallic  folution  ; 
6,  II,  14,  in  tlie  muriatic  acid  ; and  6,  10,  14,  in  a 
mixture  of  thefe  two  fluids.  The  excefs  of  attraaion 
of  glafs  for  the  red  and  violet  light  is  equal  to  2,  which- 
foever  of  the  three  fluids  be  employed.  The  lefraCtlon 
of  thefe  two  oiders  of  rays  will  therefore  be  the  fame  in 
all  the  three  cafes.  But  the  excefs  of  attraaion  for  the 
green  light  is  equal  to  3,  vvhen  the  metallic  folution  is 
ufed,  and  therefore  the  green  light  will  be  more  re- 
fraCled  than  the  red  and  violet,  in  this  cafe.  When  the 
muriatic  acid  is  ufed,  the  excefs  of  attraaion  of  glafs 
for  the  green  light  is  only  i,  and  therefore  the 
green  light  will  now  be  lefs  refraaed  than  the  red  and 
violet. 


“ We  fhall  next  fuppofe  the  metallic  folution  and  the 
acid  to  adjoin  each  other.  The  attractions  of  both 
thefe  mediums,  for  the  red  light  being  6,  and  for  the 
violet  light  14,  thefe  two  orders  of  rays  will  fuffer  no 
rcfraClion  in  the  coniine  of  the  two  fluids,  the  difference 
of  their  attraaioiis  being  equal  to  nothing. 

“ But  the  attractive  force  of  the  metallic  folutioa 
for  the  green  ray  being  only  9,  and  that  of  the  muriatic 
acid  for  the  fame  ray  being  1 1,  the  green  light  will  be 
attraaed  towards  the  muriatic  acid  with  the  force  2 • 
and  therefore  the  difference  between  the  refraCtion  of 
the  green^  light  and  the  unrefraaed  red  and  violet 
light,  which  takes  place  in  the  confine  of  thefe  fluids, 
will  greatly  exceed  the  difference  of  refraaion  of  the 
green  light,  and  equally  refraaed  red  and  violet  light, 
which  is  produced  in  the  confine  of  glafs  and  either 
of  the  fluids. 


i.aiu),  in  a mixture  ot  the  two  kinds  of  fluids 
the  attraaion  for  the  red,  green  and  violet  rays,  being 
6,  10  and  14,  andUiat  of  the  glafs,  8,  12  and  16,  the 
excCiS  of  the  attraaion  of  the  glais  for  the  green  rays, 
is  the  fame  which  it  is  for  the  red  and  violet  rays.  Thefe 
thiee  ordei  s of  rays  will  therefore  fuffer  an  equal  refrac- 
tion, being  each  of  them  attraCfed  towards  the  glafs 
witli  the  force  2 ; and  when  this  is  the  cafe,  it  appears, 
from  the  obfervations,  that  the  indefinite  variety  of  ravs 
of  intermediate  colours  and  fhades  of  colours,  vhiJh 
altogether  compofe  folar  light,  will  alfo  be  regulartv 
bent  from  their  reailinear  courfe,  conflituting  w'hat  has 
been  termed  a planatic  refraClioii.” 

In  fhoit,  Dr.  Blair  fays,  that  he  “ ufes  more  trafif- 
parent  mediums  than  the  common  ones  ; avoids  or 
greatly  diminifhes  the  refledions  at  the  furfaces  of  the 
mediums  ; applies  fluid  mediums  more  homo'^-eueous 
than  thick  flint  or  crown  glafs,  which  at  the  fame  time 
diiperfe  the  different  coloured  rays  of  light  in  the  fame 
which  means  an  image  is  produced  per- 
fedlly  Achromatic,  wdiich  is  but  imperfeaiy  fo  in  Dol- 
lond’s  objed  glaffes  made  of  flint  and  crown  glafs  conJ 
bined. 


ftatiite  was 

repealed  by  the  15th  of  Geo.  the  3d,  cap.  32. 

W 68o.~1.46,/or28^  tradi6.~\,  48,/,;^  balloon 
read  parachute.— 1.  5 i and  52,/,;-  28|-  read  26,  and  for 
13  read  12.— -1.  33,  read  2 feet  3,  inchec. 

^ ^ Pa.  46, 
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pa.  46,  col.  2,  at  the  end  of  the  article  on  ^ero^ 
Jiaiion^  atid^  See  an  ingenious  and  learned  tveatlfe  on 
the  mathematical  and  pbyfical  priridples  of  Air- 
balloons,  by  the  late  l)r.  Damen,  profeffor  of  phi- 
Jofophy  and  mathematics  in  the  Univerfity  of  I^ey- 
dcn,  entitled,  Phyfical  asiid  Mathematical  Contem- 
plations on  Aeroilatic  l^alloons,  Seep  hi  8vo,  at 

IJtrt^cht,  1784.  

Pa.  70,  col.  I,  1.  d.,  dele  — — i =.  2. — 1.  7,  at 

tlie  end  add  — y^3  — 1 =2, 

Pa.  'TT,  col.  I,  1.  9,  for  — 7 read 

4.  2;'  - 7 • 

AFFECTED  Equations,  add  (from  Francis  Ma- 
feres-,  Efq.) — “ This  exprelTion  of  Affected  Equations 
feems  to  require  forae  further  explanation.  It 
was  introduced  by  the  celebrated  Vieta,  tlie  great 
father  and  rellorcr  of  Algebra.  He  has  many  ex- 
prelhons  peculiar  to  hirnlelf,  and  which  have  not 
been  adopted  by  fubfequerit  Algebraills.  Among  ft 
thefe  are  the  following  ones.  Pie  calls  a fet  of 

quantities  in  continual  geometrical  proportion,  (fuch 
as  the  quantities  i,  x,  A,  x^,  x^,  x^  x'^,  &€,) 

a fet  of  fcalar-  quantities,  or  magnitudhies  fcalares  ; 
imd,  when  there  are  feveral  of  thefe  fcalar  quantities 
mentioned  together,  (as  in  the  compound  quantity 
-s  4-  ax^  — b'^A,)  he  calls  the  hlgheft  quantity,  or 
that  which  is  fartheft  in  the  fcale  of  quantities 
1,  .r,  A’*,  x^y  x^,  x^,  x^,  x'^ , &c.  (to  wit,  the  quan- 
tity x^  in  the  faid  compound  quantity  a''  + ax^  — b-^x\) 
the  ponver  oi  the  fundamental  quantity  x,  or  of  the  fe- 
cond  term  in  the  faid  fcale  ; and  he  calls  the  lower 
fcalar  quantities  which  are  involved  in  the  fecond  and 
third  terms  of  the  faid  compound  quantity  x^-i-ax* 
to  wit,  the  quantities  x"^  and  x^,  (or,  in  our 
prefent  language,  the  inferior  powers  of  x,)  fcalar 
quantities  of  2i  parodic  ditgxtt  to  x^,  or  the  power  of 
the  fundamental  quantity  x.  This  word  parodic  I take 
to  be  derived  (though  Vieta  does  not  tell  us  fo)  from 
the  Greek  words  ^y-px  and  which  fignify  near  and 
a <tvay  or  road,  bccaufe  thefe  inferior  fcalar  quantities 
and  lie  in  the  nvay  as  you  pafs  along  in  the  fcale 
of  the  aforefaid  quantities  i,  x,  x^,  x'^,  x^,  a^,  x^  x’’ , 
8cc,  from  I to  x^ , which  he  calls  the  power  of  .r  in 
the  faid  compound  quantity  x^  -p  ax'^ — b^x^.  Thefe 
inferiour  fcalar  quantities  x^'  and  are  therefore  paro- 
dfc,  OY  ftuated  in  the  nvay  fo,  or  are  leading  to,  the 
higher  fcalar  quantity  He  then  proceeds  to  define 
a pure  ponxer  and  an  affected  po^er,  and  tells  us  that  a 
pure  po^ver  is  a fcalar  quantity  that  is  not  affefted  with 
zxig  par b die,  or  inferiour  fcalar  quantity,  and  that  an  af~ 
febte.d ponvsr  is  a fcalar  quantity  that  is  conneAed  by  ad- 
dition, or  fubtraflion  with  one,  or  more,  hferiour,  or 
parodic,  fcalar  quantities,  combined  with  co-efficients 
that  raife  them  to  the  fame  climenfion  as  the  power  it- 
felf,  or  make  them  homogeneous  to  it,  and  confequently 
capable  of  being  added  to  it,  or  fubtra£led  from  it. 
Thus  alone  \’i  ?>.  pure  power  oi  x,  namely,  its  fifth 
power;  and  -f  ax^-’b'^x'^  is  an  ajfcdted power  of  x, 
namely,  its  fifth  power  affetted  by,  or  connedied  withy. 
the  t'xro parodic,  or  inferiour,  fcalar  quantities  x'^  and  x^, 
which  are  multiplied  into  bb  and  a,  in  order  to  make 


them  homogeneous  to,  or  of  the  fame  dimenfion  with, 
Itfelf,  and  capable  of  being  added  to  It  or  fubtraefted 
from  it.  See  Schooten’s  Editmn  of  Vieta’s  \vorks,  pub- 
lil'hed  at  Leyden  in  Plolland  in  the  year  1646,  pages 

3 and  4.  ' 

“ This,  then,  being  the  meaning  of  the  exprefTion,  a 
pure  power  and  an  ^t:Bed  power,  the  meaning  of  the 
correfponding  exprefiions  of  a pure  equation  and  an  nf 
feted  equation  follows  from  it  of  courfe  : a pure  equation 
fignifying  an  equation  in  which  a pure  power  of  an  un- 
known quantity  is  declared  to  be  equal  to  fomc  known 
quantity  ; fuch  as  the  equation  = 79  ; and  an  af- 
fected equation  fignifying  an  equation  in  which  a power 
of  an  unknown  quantity  affedled  by,  or  connecled, 
either  by  addition  or  fubtradtion,  with,  fome  inferiour 
powers  of  the  fame  unknown  quantity,  (multiplied  into 
proper  co-efficients  in  order  to  make  them  homogeneous  ■ 
to  the  faid  higheft  power  of  the  faid  unknown  quan- 
tity,) is  declared  to  be  equal  to  fome  known  quantity; 
fuch  as  the  equation  -f-  ax^  — b'^x^  = 79.  This  I 
take  to  be  the  original  meaning  of  the  expreffion  an  af- 
fected equation.  But,  as  the  language  of  Vieta  has  not 
been  adopted  by  fubfeqiient  writers  of  Algebra,  I* 
ffioiild  think  it  would  be  more  convenient  to  call  them 
by  fome  other  name.  And,  perhaps  thofe  of  binomial, 
trinomial,  quadrinomial,  quinquinomial,  and,  in  general,., 
that  of  muhinomial  equations,  would  be  as  convenient 
as  any.  Thus,  aw  ft-  ax  — rr,  and  x^  -p  ua® 
and  a3’  -f 


Ay 


(Ex 


r^,  and  a’"^  + ahx  — r^,  andw'^  + rzA^' 
r^,  might  all  be  called  binomial  equations,  becanfe 
they  would  be  equations  in  which  a binomial  quantity, 
or  quantity  confifting  of  two  terms  that  involved  the 
unknown  quantity  x,  is  declared  to  be  equal  to  a known 
quantity;  and,  for  a like  reafon,  the  equations 
A 3 4-  -p  and  x^  — ax^  + h^x'^  ■=■ 

and  x^  — - ax^  p h^x  = r^,  and  p ax^  p b^x^  — r^,^ 
and  P ax^  — b^x^  — r^,  and  p b'^x^  p 
=z  r^,  might  be  called  trinomial  equations.  And  the 
like  names  might  be  given  to  equations  of  a greater 
number  of  terms.  Dr.  Hutton,  I obferve,  in  his  ex- 
cellent new  Mathematical  and  Philofophical  Dictionary,, 
juft  now  piiblilhed,  (Feb.  2.  1795,)  them  compound: 
equations  ; wliich  is  likewife  a very  proper  name  for 
them,  and  Icfs  obfeure  than  that  affected  equations.’^ 

Pa.  76,  col.  I,  1.  25,  ybr  .^3  p X — \/3  — I,  read 


/3-1. 

94,  col.  2,  1.  34,  for  Spaniard,  read  Portu* 


fflEi  -V3 

Pa. 
guefe. 

Pa,  95,  col.  2,  after  1.  21,,  or  the  end  of  the  para- 
graph relating  to  Dr.  Barrow,  addas  follows  : — Of  thefe 
ledtnres,  the  13th  deferves  the  moll  fpecial  notice,  being 
entirely  employed  upon  Equations,  delivered  in  a very, 
curious  way.  He  there  treats  of  the  nature  and  num-- 
ber  of  their  roots,  and  the  limits  of  their  magnitudes,,, 
from  the  defeription  of  lines  accommodated  to  each, , 
viz,  treating  the  fubjedl.as  a branch  of  the  do6lrine  of 
maxima  and  minima,  which,  in  the  opinion  of  fome 
perfons,.  is  the  right  way  of  confiderlng  them,  and  far 
preferable  to  the  fo  much  boafted  invention  of  the  ge- 
neration of  Equations  from  each  other  difeovered  by^ 
Harriot  and  Defcartes. 

Pa.  97,  col.  2j  after  I.  3,  add — Dr.  Waring  and  the 
Rev.  Mo.  Vince,  of  Cambridge,  have  both  given  many 

improve- 
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jriiprovements  and  difcoveries  in  fenes  and  in  other 
branches  of  analyfis.  Thofe  of  Mr.  Vince  are  chiefly 
contained  j.i  the  latter  volum^vS  of  thePhilofopliicalTranf- 
adlions  ; where  alio  are  feveral  of  Dr.  Waring’s  ; but 
the  bulk  of  this  gentleman’s  improvements  are  contain- 
ed in  his  feparate  publications,  particularly  the  Medl- 
taiiones  Algel.raic<^^  publilhed  in  1770;  the  Proprleiatcs 
Algebraic  arum  Curvarum^  1772  ; and  the  Meditationes 
Analytical  account  of  the  chief  contents  of 

which,  a friend  has  favoured  me  with,  as  follov's. 

Of  D)\  Waring’ s Mcdiiatlones  Algebraic  a n 

The  firft  chauter  treats  of  the  transformation  of  al- 
gebraical  equations  into  others,  of  which  the  roots 
have  given  algebraical  relation  to  the  roots  of  the  given 
equations. 

The  general  refolution  of  this  problem  requires  the 
finding  the  aggregates  of  each  of  tlie  values  of  alge- 
braical fundtions  of  the  roots  of  the  given  equation  ; 
for  this  pmpofe  the  author  begins  with  tinding  the  fum 
of  the  power  of  each  of'che  roots  of  the  equation 
A'"— — &;c  =:  o by  a ferits  proceeding  ac- 
cording to  the  dimenhons  of  the  fum  of  the  roots: 
this  feries  (when  continued  in  infnitum  and  converges) 
finds  alfo  the  fum  of  any  root  of  the  above-mentioned 
quantities.  From  this  feries  is  deduced  the  law  of  the 
reverfion  of  the  feries  y — ax  bx'^'  + cx"^  + &c, 
which  finds  A in  terms  of  and  alfo  the  law  of  a feries, 
which  exprefies  the  great  ell  or  lead  roots,  and  their  pow- 
ers or  roots  of  a given  algebraical  equation,  and  which 
may  be  applied  whether  that  root  is  pofiible  or  impul- 
fible,  if  the  root  be  much  greater  or  lefs  than  each  of 
the  remaining  ones.  All  the  powers  and  roots  of 
this  feries,  when  continued  in  infinitum,  obferve  the 
fame  law. 

On  this  fubjedl  are  further  added  fame  elegant  theo- 
rems ; of  which,  one  finds  the  fum  of  all  quantities  of 
this  kind  ; where  a,  (3,  7,  See,  denote  the 

roots  of  the  given  equation.  This  has  been  fince  publifh- 
ed  by  the  celebrated  mathematician  Mr,  le  Grange  in 
the  Academy  of  Sciences  at  Paris. 

There  is  alfo  added  a method  of  confiderable  utility 
in  thefe  matters;  viz,  the  alTumlng  equations  whofe 
roots  are  known,  and  tlience  deducing  the  coefficients 
of  the  equations  fought  : and  alio  from  the  terms 
of  an  inferior  equation  deducing  the  terms  of  a fupe- 
rior. 

The  fecond  chapter  principally  treats  of  the  limits 
and  number  of  impoffible  and  affirmative  and  negative 
roots  of  algebraical  equations. 

Some  new  properties  are  added,  of  the  limiting  equa- 
tions refulting  from  multiplying  the  fucceffive  terms  of 
the  given- equation  into  an  arithmetical  feries  ; and  a 
method  of  finding  limits  between  each  of  the  roots  of 
a given  equation,  fince  publlffied  in  the  Berlin  A6ls, 
and  alfo  fome  new  methods  of  finding  equations  whofe 
roots  are  limits  between  the  roots  of  other  equations. 
In  theor.  4 and  5 are  contained  quantities  which  are  al- 
ways greater  than  certain  others,  when  they  are  all  pof- 
fible  ; from  whence  may  be  deduced  ISewton’s  and  fe- 
veral other  rules  for  finding  the  number  of  impoffible 
roots  : thefe  rules  may  be  rendered  fomevvhat  more  ge- 
neral by  multiplying  the  given  equations  into  others, 
whofe  roots  are  all  poffible,  and  finding  w'hether  Im,- 


poffible  roots  may  be  deduced  by  the  rule  In  the  rcruit^" 
ing  equation,  which  cannot  from  it  be  difeovered  /in 
the  given  one.  A ml#  is  given,  deduced  from  each 
fucceffive  four  terms  of  the  given  equation,  and  confe- 
quently  much  more  general  than  rules  deduced  from 
each  fucceffive  three  terms.  The  former  always  dlfco- 
vers  the  true  number  of  impoffible  roots  contained  in 
quadratic  and  cubic  equations,  the  latter  in  quadratic 
only.  There  is  alfo  a rule  given  for  finding  the  number 
of  impoffible  roots  from  an  equation,  of  which  the  roots 
are  the  fquarcs,  &c,  of  the  roots  of  a given  equation  ; 
and  a fecond  from  an  equation  of  wliich  the  roots  arethe 
fquares  of  the  differences  of  the  roots  of  a given  equa- 
tion ; and  a third  rule  for  finding  an  equation,  of  wliich 

the  root  is  s = — n — i px^"'^  -j-  &c;  if 

-p  — &c  ==  o be  the  given  equation, 

&:c,  thefe  latter  refolutlons  always  difeover  the  true 
number  of  impoffible  roots  contained  in  cubic,  biqua- 
dratic and  furl’olld  equations  ; and  alfo  whether  or  not 
any  Impoffible  roots  are  contained  in  any  given  equa- 
tion ; and  alfo  from  the  bail  term  whether  the  number 
of  Impoffible  roots  contained  be  2,  6,  10,  See,  or  o,  4,  8, 
6cc.  The  principle  of  a 4th  rule  is  given  by  finding 
wlien  two  roots  once,  twice,  tlirice,  &:c,  or  four,  &c, 
roots  become  equal.  From  a method  given  of  finding 
the  number  of  impoffible  roots  contained  in  an  equa- 
tion involving  only  one  unknown  quantity,  is  deduced 
a method  of  difeovering  limits  between  which  are  con- 
tained any  number  of  Impoffible  roots  in  an  equation 
involving  two  or  more  unknown  quantities.  From 
the  number  of  impoffible,  affirmative  and  negative 
roots  contained  in  a given  equation,  is  delivered  a mc=*- 
thod  of  finding  the  number  of  impoffible,  &c  roots 
contained  in  an  equation  of  which  the  roots  have 
a given  algebraical  relation  to  the  roots  of  the  given 
equation. 

The  principles  are  fuhjolned  of  finding  the  number 
of  affirmative  and  negative  roots  contained  in  an  alge- 
braical equation  : but  this  neceffarlly  fuppofes  a method 
of  finding  the  number  of  its  impoffible  roots  known. 
It  is  demonfirated,  that  if  the  equation  w"  -f- 

qx^~'^  — &CC  — o be' multiplied  by  x — a^  then  every 
change  of  figns  in  the  given,  will  have  one,  or  three, 
or  five,  &c  in  the  refulting  equation  ; and  if  it  be 
multiplied  by  then  every  continuation  from  -p 

to  -j-  or  — to  — , will  produce  one,  or  three,  or  live, 
fuch  continuations  in  the  refulting,  whence  every 
equation  w" —/'w""’  -f  = o will  contain  at  kail  fo 
many  changes  of  figns  in  its  fucceffive  terms  as  there 
are  affirmative  roots,  and  fo  many  continued  progrelks 
from  -P  to  -p  and  — to  — , as  there  arc  negative.  In 
a biquadratic  -J-  qx^  4*  — O,  of 

which  two  roots  are  impoffible,  and  i an  affirmative 
quantity,  then  it  is  demonftrated  that  the  two  poffibre 
ones  will  be  both  negative  or  both  affirmative,  accord- 
ing as  — 4pq  + Br  is  an  affirmative  or  negative  quan- 
tity, if  tlie  ligns  of  the  coefficients,  p,  g,  r,  rare  nei- 
ther all  affirmative,  nor  alternately  — and  -P-  The 
number  of  Impoffible  and  affirmative  and  negative  roots 
contained  in  the  equation  w”  + Aw'"  -P  B = o is 
llkevvife  given,  See.  If  / w""—-  px""'"’  4-  qx^"^—  See 
= o and  -p  b.x""^  — See  =z  and 

further  bx"  — ax"" bx""^  Sec  ~ O and  A™  — 
pi'""^  A =-■  ‘it’j  then  '.heconteut  of. all  the’ values 

ok 
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of  the  quantity  w will  be  to  the  content  of  all  the  values 
of  the  quantity  v : : zt  /“’  : >6”^,  from  whence  -are 
•deduced  fome  properties  of  parabolic  curves.  jSa\ 

Let  t!ie  equation  expreffing  the  relation  between  the  ab- 
■feifs  and  ordinatey  be  y = * + ov""*  -f  &c. 

"i’hen  will  the  content  under  the  (?z  — I ) greateft  ordi- 
nates  be  to  the  fquare  of  the  content  of  all  the  diftan- 
'oes  between  any  two  points  in  which  the  abfeifs  cuts 
the  curve  : : — 2.  The  quotient  of  the  con- 

tent of  all  the  fines  divided  by  the  content  of  all  the 
cofnes  to  the  points  in  which  the  abfeifs  cuts  the  curve, 
will  be  to  the  content  of  all  the  abovementioned  greateft 
ordinates  : : : i.  Similar  propofitions  are  deduced 

concerning  the  ordinates  to  the  points  of  contrary 
fexure,  &c. 

The  third  chapter  is  verfant,  concerning,  ift  finding 
the  roots  of  equations  or  irrational  quantities,  which 
have  given  relations  to  each  other  : this  is  performed 
by  fubftitution  or  divifion  and  finding  the  common 
divifors  of  the  quantities  refulting  ; and  2d  concerning 
more  J equations  containing  a lefs  number  f'mj  of 
fuppofed  unknown  quantities,  which  confequently  re- 
quire //-m  equations,  fince  named  equations  of  condition  ; 
thefe  are  likewife  deduced  from  the  method  of  finding 
common  divifors.  3dly,  Concerning  the  refolutlon  of 
equations;  in  this  cafe  is  given,  i.  The  reduction  or 
refolution  of  fome  recurring  equations,  2.  Some  pro-, 
perties  of  the  roots  of  the  equation  .r”  rk  i ~ o. 
3.  Refolutlon  of  a biquadratic  -jr  -}- 

rx  s r-  Oj  by  reducing  it  to  an  equation  z*  -{- 
tiz'^  b ==  o.  4.  A refolution  of  the  biquadratic 
A*’’  T = qx^  ft-  rx  + s b}^  adding  -f-  in) 
A-  + 2pnx  d-  11^  to  both  fides  of  the  equation,  fo  as 
to  complete  the  fquare  ; and  the  deducing  that  the 

, ^ cc(3  T <y^  ay  "4*  j3^  4“  /5y 

values  or  n are  , , : the  va- 

222 

, . ec  (3  — y — ^ 

lues  of  + 2n)  are  , 

a + y — (3  — 0 , , 

■ , ScCf  and  the  values  of 

2- 

ais  — ay  — (3^  ^ 

are  , — , ac  ; 11  a,  p,  y,  are  the 

2 2 

roots  of  the  given  equation.  3.  A refolution  of  equa- 
tions as  general  as  any  yet  difeovered,  viz,  the  aftiiming 

A’  in  a^p  -j-  and  exterminating 

the  irrational  quantities,  viz,  from  afiuming  x=;za\/p  + 

are  deduced  different  refolutions  of  cubic  ; from 

X =•-  a%/p  ft-  p"^  ft-  p^  different  refolutions  of 

blquadric ; from  the  equations  a'  = P + b\/p^, 

X — a^p  + + bJ^p^j  .V  = a'/(/p  -f- 

(See,  are  deduced  De  Moivre’s  equation,  and 
ieveral  others  of  new  formula  not  before  delivered. 

6.  The  refolution  a’ m -f  + ^y  j-  &c, 
firft  given  by  Euler,  fhewm  to  be  a very  particular  ; 
but  this  is  rendered  here  much  more  general  by  affuming 
a more  general  refolution.  7.  The  refolution  and  re- 
dudbion  of  equations  from  exterminating  irrational 
quantities.  8.  Redudbion  of  fome  equations,  when 
they  as'C  deduced  from  others  by  reducing  them  to  the 


original  equations.  9.  The  finding  a quantity,  whicli 
multiplied  into  a given  irrational  will  produce  a rational 
quantity,  and  thence  deducing  from  a given  equation 
involving  irrational  quantities  the  dimenfions  to  which 
the  equation  freed  from  them  will  afeend.  10.  Let 
P =r  a feries  either  alcending  or  defeending  according 
to  the  dimenfions  of  x,  from  thence  is  deduced  the  fum 
of  a feries  confifting  of  its  alternate  terms,  or  terms 
at  fn)  diftance  from  each  other.  1 1.  It  is  proved, 
that  Cardan’s  refolution  of  a cubic,  is  a refolutlon  of 
an  equation  of  9 dimenfions  or  three  different  cubics  : 
fimilar  principles  are  applied  to  fome  other  equations. 
12.  General  principles  are  given  for  the  deducing  the 
fumffioa  of  the  roots  of  the  given,  which  conftitute  the 
coefficients  or  roots  of  the  transformed  equation.  E.  g. 
Let  a cubic  equation  -{•  qx  — r = o and  z — 

= Xf  thence  is  fliewn  the  fundblon  of  the  roots  of 
32 

X,  which  conftitute  2,  and  further  the  cafes  of  the 
cubic,  which  are  refolvable  by  the  transformed  equa- 
tion, whole  root  is2.*‘  the  fame  principles  are  applied 
to  biquadratics.  13.  The  correfpondent  impoffible 
roots  of  a given  irrational  quantity  are  deduced  ; and 
alfo  the  different  roots  of  a given  refolutlon.  14.  The 

biquadratic  of  the  formula  .v-  — 2 -i~  b^—i'jx 

— c — d ^/  — 1=0  Is  diftinguifhed  into  two  qua- 
dratic equations  involving  only  poffible  quantities,  and 
thence  every  algebraic  equation  is  proved  to  confift  of 
limple  and  quadratic  divifors  involving  only  pofiible 
quantities.  15.  A method  Is  delivered  of  transforming 
irrational  quantities  into  others  ; but  it  is  cautioned, 
that  in  i*edu£bion  and  transformation  corrcipondent  roots 
fhould  be  ufed,  other\^'ife  it  is  probable  that  we  fhall 
fall  Into  errors,  of  which  examples  are  given.  16.  The 
convergency  of  a root  found  by  the  common  method 
of  approximations  is  given  ; and  it  is  difeovered  that 
the  convergency  principally  depends  on  the  quantity 
jiffumed  for  the  root  being  much  more  near  to  one  root 
than  to  any  other  ; and  independent  of  it,  not  on  how 
near  It  is  to  a root. 

The  fourth  chapter  is  principally  converfant  con- 
cerning more  algebraical  equations  and  their  reduftions 
to  one.  I.  It  gives  the  law  of  the  refolution  of  any 
number  of  fimple  equations  ; and  the  redudion  of  n 
fimple  equations  to  « — i by  means  of  others.  2.  The 
method  of  reducing  more  («)  equations  into  one  fo  as 
to  exterminate  n — i unknown  quantities  by  the  me- 
thod of  common  divifors,  and  further  delivers  the  prin- 
ciples ofinveftigating  the  roots  or  values  of  the  unknown 
quantities,  which  refult  from  this,  or,  which  is  much 
the  fame,  from  the  common  method  of  Erafmus  Bar- 
tholinus,  and  whicli  are  not  contained  in  the  given 
equations.  3.  If  two  algebraical  equations  of  n and  m 
dimenfions  of  the  unknown  quantities  x and  y are  re- 
duced to  one  fo  as  to  exterminate  one  of  the  unknown 
quantities,  the  principles  are  given  of  finding  the  di- 
menfjons  to  which  the  other  will  afeend  : if  it  afeends 
to  n X m dimenfions  ; then  the  fum  of  the  roots  de- 
pends on  the  terms  of  n and  n — 1 dimenfions  in  the 
one,  and  in  and  m — i in  the  other,  and  fimilarly  of 
the  prodiu^bs  of  every  two ; &c.  From  this  principle 
are  deduced  fKveral  properties  of  algebraical  curves. 

The 
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The  fame  principles  are  applied  to  more  equations 
involving  more  unknown  quantities.  4.'  Some  two 
equations  of  given  formuliE  are  reduced  to  one  fo  as  to 
exterminate  one  unknown  quantity.  5.  Two  equations 
are  likewife  ix?duced  to  cue  fo  as  to  exterminate  unknown 
quantities  by  means  or  infinite  levies.  6,  A method 
ol  linding  whether  fome  equations  contain  the  fame 
roots  of  the  unknown  quantities  as  others.  7.  I’roin 
the  correfpondent  roots  of  the  unknown  quantities  in 
g ven  equations  are  found  the  couilitution  of  their  co- 
efficients ; and  from  thence  the  aggregates  of  the  func- 
tions of  the  roots  of  two  or  more  equations.  8.  Some 
things  are  given  concerning  tlie  transformations  of 
more  equations  than  one,  of  their  irapcafible  roots,  of 
their  roots  which  have  a given  reUtlon  to  each  other. 
9.  Some  redudlions  and  reiolutlons  of  more  equations 
involving  more  unknown  quantities.  10.  Iftwoequa- 
tions  fimilarly  involve  two  unknown  quantities  .rand  y ; 
then  the  equation  of  which  the  root  is  w or  y is  demon- 
flrated  to  have  twice  the  dimenfions  of  the  equation 
whofe  root  is  any  rational.fiindlion  of  .v  -f  y or  -f 
or  any  rational  recurring  fundion  of  r and  y ; and  if 
for  y be  fubftituted  i— y ; then  in  the  equation  whofe 
root  is  the  refuliing  quantity  the  dimenfions  will  be  the 
fame  as  in  the  equations  whofe  root  is  .r  or  y,  but  its 
formula  will  be  of  half  the  number  of  dimenfions. 
The  fame  principles  are  applied  to  more  equations  limi- 
larly  involving, more  unknown  quantities,  ii.  If  there 
are  two  equations  involving  two  unknown  quantities, 
one  deduced  from  the  other,  by  fome  fubllitutions  In- 
velligated  from  equations  fimilarly  Involving  two  un- 
known quantities;  then  the  equation  whofe  loot  is  one 
of  the  unknown  quantities  will  be  recurring.  12.  Let 
A and  B be  fundions  of  x and  y,  a method  is  given 
of  finding,  whether  A is  a fundion  of  B.  13.  Me- 
thods of  approximations  to  the  roots  of  equations  when 
they  are  unequal,  or  two  or  more  nearly  equal,  poffible 
or  impoffible  ; and  alfo  fome  remarks  on  the  Increments 
or  decrements  of  the  roots,  in  paffing  from  one  equa- 
tion to  others  of  the  fame  number  of  dimenfions  are 
given. 

The  fifth  chapter  treats  of  rational  and  integral  values 
of  the  unknown  quantities  of  given  equations. 

I . It  finds  the  rational  and  Integral  fimple,  quad^-atic, 
^'C  divifors  (by  a method  different  to  Waeffaner’s) 

<»f  a given  equation,  wiilcli  involves  one  or  more  un- 
known quantities.  2.  If  two  equations  involve  two 
unknown  quantities  .r  and  y ; the  fame  irrationality, 
which  is  contained  in  .r  will  likewife  be  contained  in 
its  correfpondent  value  ofy,  unlefs  two  or  more  values 
of  the  quantity  or  y)  are  equal,  &c.  3.  A method 

k given  of  finding  integral  correfpondent  values  of  the 
unknown  quantities  of  two  or  more  equations  involving 
as  many  unknown  quantities.  4.  A method  is  alfa 
delivped  of  deducing  when  a given  equation  can  be  re- 
folved  by  means  of  fquare,  cube,  See  roots  ; and  when 
by  fimilar  methods  it  can  be  reduced  to  equations  of 
&c,  its  dimenfions.  5.  A method  is  given  of  findino' 
a quantity  or  number,  in  which  are  contained  all  the 
divifors  of  any  given  rational  or  integral  quantities, 

6,  A method  different  from  Schooten’s,  Newton’s,  and 
Liiler’s,  of  extradting  the  root  of  a binomial  furd 

IS  given,  and  the  principle  demonflrated  on 
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which  all  the  rules  are  founded  given  bv  Schooten,  viT, 
the  multiplying  the  binomial  furd  fo  that  the«"'  root  of 

- B can  be  extradfed,  where  A T y/lT  is  the  re- 
fulting  furd  ; and  It  Is  further  proved  that  inultlplyin.r 

the  given  furd  a into  2"  rvill  render  Newton’V 

relolution  as  general  as  the  others  ; and  lailly  the  ex- 

tradBon  of  the  root  of  the  quantity  A T 

Cjyp^  ...  is  given.  7.  The  law  of  Dr. 

Wrdlis’s  approximations  in  terms  of  the  fucceffive  quo- 
tients, as  alfo  of  continual  fradtions  is  deduced.  St  A 
method  of  deducing  the  integral  values  of  each  of  the 
unknown  quantities  .r,  y,  z,  v-,  d:c,  contained  in  the 
equation^  ax  -f-  by  + ez  -f  dv  ± See  -f  f =:  o in 
terms  of  quantities,  for  which  may  be  affumed  any 
vhole.  numbers.  9.  Two  or  more  equations  are  re- 
duced to  one,  fo  as  to  exterminate  unknown  quantities; 
and  It  the  unknown  quantities  of  the  refulting  equations 
be  integTal  or  fraaional,  then  the  unknowi? quantities- 
of  the  given  equations  will  ahffi  be  integral  or  fradtional, 
10,^  Principles  are  delivered  of  deducing  equations  of 
which  the  unknown  quantities  admit  of  correfpondent 
and  known  integral  or  rational  values.  ii.  Corre- 
fponderit  integral  or  rational  values  of  the  unknown 
quantities  in  leveral  equations  are  given,  and  from  fome 
values  of  the  abovementioned  kind  given,  are  dedu- 
e'er!  others.  12.  A method  of  denoting' any  numbers 
either  by  fours,  fives,  fixes,  &c,  and  their  powers; 
and  fimilar  properties  deduced  as  in  decimal  arithmetic. 
13.  It  is  demonfirated  that  the  fum  of  the  divifors  of 
the  niim.bei  i.  2.  3 . • • .v  — N has  to  N a gi'eater  ratio 
than  the  fum  of  the  divifors  of  any  number  L Itfs  than 
N has  to  L ; and  fome  other  fimilar  properties.  14.  In 
the  Philofophical  Tranfadions  areglveii  properties  fimi- 
lar to  Mr.  Euler’s  of  the  fum  of  divifors  of  the  natural 
numbers,  and  fume  others,  i 3.  Let  N = a-  -p  rb^ 
where  r,  p and  q are  whole  numbers,  then 

+ I and  N2W  + 2 can  be  compounded  by  fw  -f-  i)  ' 
different  ways  of  the  quantities  p^  + rq^  ; the  different 
ways  were  firll  given  in  the  Mcdit.  16.  Every  number 
conhlls  of  I,  3,  3 or  4 fquares,  and  of  1,2,  3,  4,  ..9. 
cubes,  and  therefore  if  a number  N is  tqual  to  3 fquares 
or  8 cubes,  the  problem  may  not  be  poffible.  17.  I.et 
ar  and  z be  any  whole  numbers,  and  a and  b numbers x 
prime  to  each  other,  then  ax  -f  h%  can  conftitute  any 
iHimber,  which  exceeds  a y b a — b.  18.  Let  r 
the  greateft  common  divlfor  of  ta  and  « — i,  where  n 
is  a prime  number;  the  number  of  remainders  from  the 
divifionof  the  number  i'^,  2%  3^  &c,  in  infinitum  by 

n will  be  — i-  I : from  which  are  deduced  feveraP 

propofitigns.  19.  Sir  John  Wilfon’s  property  delivered 
and  demonilrated,  viz,  i.  2.  3,..^  — r -p  j vvill  be 
divifible  by  «,  if  « be  a prime  number.  20.  The  fum 
of  the  powers  V y.  2^  -h  ^ are  fo-und  divifiblq 

by  .V  -f-  I,  if  r be  a whole  number;  from  whence 
is  deduced  an  elegant  property  of  all  parabolas  corre- 
fpqndent  to  the  property  of  Archimedes  of  the  inferibed 
triangles  in  a conical  parabola-.  21.  Some  properties 
of  exponential  equations  ; feveral  other  new  properties 
of  algebraical  quantities  and  equations  are  given  In  thefe 
Meditations.  They  were  fent  to  the  Royal  bocicty  in 
1 757,  and  fince  publiffiedin  the  years  1.360,  62,  and  69.^.  • 
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Properties  of  Algehraical  Cur^vt 


'flie  equation  exprefiing  the  relation  between  the 
abfclfs  and  its  correfpondent  ordinates  of  a curve  is 
transformed  into  another  which  expreffex  the  relation 
between  different  abfcifl'ie  and  their  ordinates,  from 
wliich  is  deduced,  that  t^rre  may  be  and  not  more 
different  diameters  in  a curve  of  n — i ot-der,  vvhich 
cuts  its  ordinates  in  a given  angle  ; and  hkewife  that  a 
diameter  can  have  no  more  than  n — i different  incxi- 
nations  of  its  ordinates,  unlefs  the  diameter  be  a general 
one.  2.  The  formula  of  the  equations  to  curves,  all 
"whofe  diameters  are  parallel,  or  cut  peli  other  in  a 
given  point,  or  which  have  a general  diameter  to  which 
the  lines  any  how  inclined  are  ordinates.  3r<=  It  is 

tl 

proved  that  there  cannot  be  more  than  — different  in- 
clinations of  parallel,  ordinates,  v/hich  cut  the  curve  in 
—m  points  only,  poffible  or  impoffible.  4.  Some- 
thing is  added  concerning  diameters,  wdiich  cut  their 
ordinates  on  both Tides  into  equal  parts.  5.  It  i_s  de- 
monftrated  that  there  are  curves  of  any  number  of  odd 
oi-ders,  that  cut -a  right  line  in  2,  4, '6,  &c,  points  only  ; 
and  of  any  number  of  even  orders  that  cut  a right  line 
in  3,  5,  7,  &c  points;  and  confequently  that  the  order 
of  the  curve  cannot  be  denounced  from  the  number  of 
points,  in  wTich  it  cuts  a right  line.  6.  The  principles 
are  delivered  of  finding  the  afymptotes,  parabolical 
legs,  ovals,  points,  &c,  of  a curve,  of  wdiich  the  equa- 
tion marking  the  relation  betw'een  the  abfeifs  and  its 
ordinates  is  given:;  and  alfo  given  the  number  of  afyrap- 
totes,  parabolical  legs  of  diff^erent  kinds,  ovals,  points 
of  different  kinds,  the  leaf!  order  of  a curve,  which  re- 
ceives them,  is  deduced,  y.  An  equation  exprefiing 
the  relation  between  an  abfeifs  and  its  ordinates,^  is 
transformed  into  an  equation  exprefiing  the  relation 
ibetw^een  the  diftances  from  twm  or  more  points,  the 
latter  may  be  varied  an  infinite  number  of  w^ays  ; and 
thence  are  deduced  fome  properties.  Many  refolutions 
^of  this  kind  are  only  refolutions  of  a particular  cafe 
contained  in  it  ; and  confequently  can  never  be  deduced, 
from  any  general  reafoning  ; they  are  often  deduced 
from  fome  particular  cafes,  which  are  known  to  anfw^er 
feveral  conditions  of  the  problem.  Transformations 
of  a (^iven  curve  into  others  by  fubftitutions,  and  proper- 
ties of  the  loci  of  fome  points  are  deduced,  from  which 
Mr.  Cotes’s  property  of  algebraical  curves,  and  others 
of  a fimilar  and  fomewhat  different  nature  are  denved. 
8.  Let  a curve  of  n dimenfions  have  n afymptotes,  then 
tlie  content  of  the  n abfciflas  will  be  to  the  content  of 
the  n ordinates,  in  the  fame  ratio  in  the  curve  and 
afymptotes,  the  fum  of  their  (n)  fubnormals  to  ordinates 
perpendicular  to  their  abfeiffai  will  be  equal  to  the 
curve  and  the  afymptotes ; and  they  wull  have  the 
fame  central  and  diametrial  curves.  9.  Some  propo- 
fitions  are  added  concerning  the  conflriidlion  of  equa- 
tions, and  fome  equations  are  conftriifled  from  the 
principles  of  Shifius.— If  tw'O  curves  of  « and  m dimen- 
fions have  a common  afymptote  ; or  the  terms  of  the 
equations  to  the  curves  of  the  greateft  dimenfions  have 
a common  divilor,  then  the  curves  eaimot  interfedl: 
each  other  in  n X m points,  poffible  or  impoffible-  If 
the  tw^o  curves  have  a common  general  centre,  and  in- 
terfe£t  each  other  \n  n m points,  then  the  fum  of  the 
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affirmative  abfciffie  Ac  to  thofe  points  will  be  equal  to 
the  fum  of  the  negative  ; and  the  fum  of  the  « fubnor- 
mals to  a curve  wffiich  has  a general  centre  will  be  pro- 
portional to  the  diilance  from  that  centre.  10.  Some- 
thing is  added  on  the  defeription  of  curves.  ^ 11.  No 
curve  w’hich  has  an  hyperbolical  leg  of  the  conical  kind 
can  in  general  be  fquared.  12.  It  Is  demonftrated  that 
no  oval  figure,  which  does  not  interfedl;  itfelf  in  a given 
point,  can  in  general  be  expreffed  In  finite  algebraical 
terms.  13.  Given  an  algebraical  equation,  and  fimilarly 
equations  expreffing  a relation  between  w and  y,  8cc  ; 
and  alfo  a fluxional  quantity  which  is  an  algebraical 
function  (%)  oi ee  and  y and  their  fluxions;  a method 
is  edven  of  deducing  an  equation  whofe  root  is  2 ; and 
theficc  fome  properties  of  curves.  14*  Properties 

TimilartothefubfequentofconicfeTions,  are  extended 
to  curves  of  fuperlor  orders,  viz,  if  lines  be  drawn  from 
given  points  in  them  in  given  angles  to  four  lines  in- 
feribed  in  the  conic  fedion,  then  will  the  redangle  • 
under  twm  of  thofe  lines  be  to  the  redanglc  under  the 
other  two  in  a given  ratio.  Several  properties  are 
added,  w'hich  follow  from  the  application  of  algebraical 
propbfitlons  Invented  in  the  Medic.  Algebr.  to  curve 
lines. 

The  fecond  chapter  treats  of  curvoids  and  epicurvoids, 
or  curves  generated  by  the  rotation  of  given  curves  on 
right  lines  or  curves,  and  gives  a method  of  redllfying 
and  fqiiari-ng  them  ; and  from  the  radii  of  curvature  of 
the  generating  curves  being  given,  it  deduces  the  length 
and  radius  of  curvature  of  the  curve  generated  at  the 
correfpondent  point  ; it  alfo  aflerts  that  from  them 
may  be  deduced  tlie  eonftrudion  of  the  fluxional  equa- 
tions of  the  different  orders. 

The  third  chapter  treats  of  algebraical  folids.  1.  It 
deduces  the  equation  to  every  feAion  of  a fohd  gene- 
rated by  the  rotation  of  a curve  round  its  axis  ; and 
from  thence  the  different  fedions  generated  by  the 
rotation  of  conic  fedlions  round  their  axis.  2.  I he 
equation  to  folids  contains  the  relation  between  the  two 
abfclffie  and  their  ordmates,  and  the  order  of  the  folid 
maybe  diflinguifhed  according  to  the  dimenfions  of  the 
equation  ; or  tire  folfd  may  be  defined  by  two  equations 
expreffing  the  relation  between  the  three  abovemen- 
tioned  quantities,  and  a fourth  which  maybe  the  axis  of 
the  fedtion  •:  there  is  further  given  a mtthod_  of  de- 
ducing the  equation  to  any  fedlion  of  thefe  folids,  and 
from  it  the  equation  to  the  curve,  projedfed  on  a plane 
by  a given  curve.  3.  A method  of  deducing  the  pio- 
jedion  of  a curve  or  folid  on  each  other.  4.  If  the 
equation  be  m - u o,  {x  being  the  diflance  from  a 
given  poInt)then  it  may  denot.ethe  periphery  of  a circle 
if  one  plane,  or  the  furface  of  a globe  if  it  refers  to  a 
folid.  V Let  .rand  y denote  the  diflances  from  two 
re/peTive  points,  then  an  equation  expreffing  the  rela- 
tion between  r andy  defig.ns  the  periphery  of  a curve,  if 
contained  in  the  fame  plane,  or  the  furface  of  a fol  d 
generated  by  the  rotation  of  a curve  round  its  axi^, 
paffing  through  the  two  given  points,  if  a folid.  6.  An 
equation  expreffing  the  relation  betw^een  lines  drawn 
from  three  or  more  points  may  denote  an  equation  to  a 
folid.  7.  If  X,  and  y denote  the  two  abfeifles  imd 
correfpondent  ordinates  to  a folid,  and  the  ternia  0 .v 
andy,  or  x and  S,  ory  and  " ; or  x,  z ancly  be  timi 
larly  mvolved  ; then  may  the  folid  be  divided  into  two 
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or  fix  ilmllarand  equal  parts ; and  if  no  unequal  power 
of  X or  y or  % \ or  x and  j',  &c  ; or  y and  2 be  con- 
tained in  the  equation,  then  the  curve  may  further  be 
divided  in  general  into  twice,  four  or  fix  times  the  pre- 
ceding number  of  equal  parts.  7'.  Curves  of  double 
curvature  are  defigned  by  two  equations  cxpreffing  the 
relation  between  two  abfcilfe  and  correlpondent  ordi- 
nates, or  between  lines  drawn  from  three  or  moi-e 
points  ; fimilar  properties  may  be  deduced  from  thefe  as 
from  the  equations  to  curves. 

Chapter  the  4th  treats  of  the  maxims  and  minims  of 
polygons  infcribed  and  circumfcribed  about  curves,  and 
thence  deduces  certain  quantities  equal  to  each  other, 
when  maxims  and  minims  are  contained  at  every  point 
of  the  curve  : It  further  contains  feveral  properties  of 
conic  fedlions.  i.  If  any  rectilinear  figure  circum- 
fcribes  an  ellipfe,  the  content  under  the  alternate  feg- 
ments  of  the  line  made  by  the  points  in  which  the  line 
touches  the  ellipfe  will  be  equal.  2.  If  a right  line  cuts 
a conic  fedion,  and  the  parts  of  the  line  without  the  co- 
nic feCtion  on  both  Tides  are  equal  ; and  any  reCtilinear 
figure,  which  begins  and  ends  at  the  bounds  of  the 
abovementioned  line,  be  defcribed  round  the  conic  fec- 
tion,  then  the  contents  under  the  alternate  fegments  of 
tlie  circumfcnbing  lines  as  divided  in  the  points  of  con- 
taCl  will  be  equal.  3.  If  two  polygons  be  circumfcribed 
about  an  ellipfe,  and  the  fides  are  cut  by  the  points  of 
contacts  ill  the  fame  ratios  in  the  one  as  in  the  other ; 
then  will  the  areas  of  the  two  polygons  be  equal.  4.  If 
two  lines  cut  a conic  feCtion  proportionally,  i.  e.  they 
are  divided  by  the  conic  feCIion  in  the  fame  ratio  In  the 
one  as  in  the  other,  and  if  polygons  be  defcribed  round 
the  conic  feCIion,  terminated  at  the  ends  of  thofe  lines, 
of  which  the  fides  are  divided  by  the  points  of  contaCl 
in  the  fame  ratio  in  the  one  as  in  the  other,  then  will  the 
area  of  the  two  polygons  be  equal,  as  llkewife  the  ciirvi- 
lineararea.  5.  Ifall  the  fides  of  two  polygons  infcribed 
in  an  ellipfe  make  the  two  angles  at  the  fame  point 
equal,  and  two  polygons  of  this  kind  be  infcribed  in  the 
curve,  then  will  the  fum  of  the  Tides  of  the  one  polygon 
be  equal  to  the  fum  of  the  Tides  of  the  other.  Several 
other  fimilar  properties  are  added,  as  alfo  properties  of 
follds  generated  by  the  rotation  of  a conic  feCtion  round 
its  axis  ; to  which  I (hall  mention  the  three  or  four  fol- 
lowing. I.  The  diagonals  of  a parallelogram  circum- 
feribing  an  ellipfe  or  hyperbola  will  be  conjugate  di- 
ameters. 2.  The  feClions  of  a folld^  generated  by 
the  rotation  of  a conic  ftCIIon  round  its  axis,  which 
pafs  through  its  focus,  will  have  that  point  for  the  fo- 
cus of  all  the  feClions.  3.  If  4 perpendiculars  be  drawn 
from  any  point  in  an  hyperbola  to  its  periphery  ; and 
two  lines  from  the  fame  point  to  the  afymptotes  and  the 
ordinates  from  the  4 points  of  the  curve  and  the^  2 of, 
the  afy'mptotes  be  drawn  to  the  ablcifs  ; then  will  the 
fum  of  the  refulting  abfeiffae  to  the  former  be  double  to 
the  fum  of  the  abfciffae  to  the  latter.  4.  If  an  arc  of  the 
periphery  of  a circle  be  divided  into  n equal  parts, 
a,  2^7,  377,  &c,  and  p = chord  of  the  arc  180  — na^ 
and  a and  i3  be  the  roots  of  the  quadratic  —px  +1=0 
andradlus  1 : then  will  a*"  + ~ chot  dot'  the  arc  1 80  — na, 

from  whence  may  be  deduced  the  divifovs  of  the  quan- 
tity + I ; and  alfo  the  equation  vvliofe 

' roots  are  the  diftances  of  a point  In  the  circle  from  thofe 
points  of  equal  divifion,  and  further  may  be  deduced 
VoL.  IT 
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the  fum  of  all  the  values  of  any  algebraical  function  of 
thofe  lines. 

Moil  of  the  properties  of  circles  given  by  Archimedes 
are  extended  to  conic  fcCtions,and  fomeof  the  algebraical 
and  geometrical  properties  of  Pappus  are  rendered  more 
general  ; and  the  principles  invented  applied  to  many 
other  cafes.  In  the  firft  edition  of  this  book  publifhed 
in  1762  were  nearly'enumerated  the  lines  of  the  fourth 
order  on  the  fame  piincipie.s  as  Newton’s  enumeration 
of  lines  of  the  third  order;  but  this  has  fince  been  re- 
jeCled  by  the  author  as  not  fufficiently  dlftingtihliing 
the  curve,  and  as  being  of  no  great  utility. 

MedltaUones  Analyticds, 

The  firll  chapter  treats  of  finding  the  fluxion  of  a 
fluent,  when  the  quantity  or  fluent  is  confider'ed  as  ge- 
nerated by  motion  ; or  the  parts  from  the  whole  when 
the  whole  or  quantity  is  confidered  as  confllling  of  in- 
numerable parts.  It  further  gives  the  law  of  a feries, 
which  exprefles  the  fluxion  of  an  exponential  of  any 
order. 

Chapter!^  is  verfant  about  the  fluents  of  fluxions. 
I.  It  finds  the  general  fluent  of  a fluxion  when  P 
is  any  algebraical  funclion  of  x however  irrational  but 
not  exponential  ; for  which  intent  It  invefligates  the 
common  divifors  of  any  two  quantities  contained  under 
the  different  vincula;  and  thence  the  common  divifor* 
of  the  refulting  divifors,  and  fo  on  ; and  likewife  all  the 
equal  divifors  contained  in  any  of  the  abovementioned 
quantities ; whence  it  fo  reduces  the  quantity  P,  that  no 
equal  nor  common  divifors  may  be  contained  in  any  of 
the  refulting  quantities  under  the  different  vincula  ; and 
from  the  common  ipelhod  deduces  the  terms  of  a feries 
to  the  number,  which  the  feries  Is  fhewn  to  conflfl  of, 
when  it  does  not  proceed  in  infliiitum.  2.  It  demori- 
ftrates,  that  if  the  dlmenfions  of  ar  In  the  denominator 
of  P exceed  its  dimeniions  in  the  numerator  by  i,  then 
the  fluent  cannot  be  expreffed  in  finite  terms  ; and  alfo 

J. 

if  one  fa6lor  of  P be  (A  4:  (A^  -{-  a)‘^)  , where  a is 
an  invariable  quantity,  and  In  Tome  other  cafes  tli'e  fub- 
ftitutlon  required  mufl  be  fomewhat  different.  3.  The 
fluents  of  fome  fluential  and  exponential  fluxions,  or 
fluxions  involving  fluents  and  exponential  quantities,  are 
given.  4.  A general  method  of  difeovering  whether 
the  fluent  of  any  fluxion  of  any  order  involving  one, 
two  or  more  variable  (juantities,  and  their  fluxions,  can 
be  expreffed  in  terras  of  the  variable  quantities  and  their 
fluxions.  5.  The  corredtion  of  fluents  of  all  orders, 
and  thence  the  fluent  contained  between  any  values  of 
the  variable  quantities  and  their  fluxions,  is  given  ; in 
thefe  corredllons  the  fame  roots  of  the  irrational  quanti- 
ties are  to  be  ufed  In  the  corrcdlion  as  in  the  fluent. 
6.  From  the  transformation  of  equations  and  the  prin- 
ciples before  delivered,  are  deduced  fluents  equal  to  each 
other.  7.  Some  exponential  quantities  given  which 
continually  change  from  puffibilily  to  iinpoflibillty, 
and  from  impoflibility  to  poffibility.  8.  is  a method 
of  finding  whether  the  fluent  of  any  fluxion  con- 
tained between  any  limits  are  finite  or  not.  9,  The 
fum  of  the  fluents  of  a fluxion  which  is  an  algebraical 
fundlion  of  the  letter  x multiplied  into  .v  can  always  be 
expreffed  by  finite  terms,  ciicular  arcs  and  logarithms, 
the  extraction  of  the  roots  of  equations  being  granted. 

4 Z 10,  Some 
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10.  Some  fluxions  involving  irrational  quantities  are  re- 
duced to  others,  in  vr'luch  no  irrationality  is  contained. 

11.  "J  he  general  principles  of  deducing  whether  the 

fluent  of  a given  fluxion  can  generally  be  expreffed  by 
finite  algebraical  terms,  their  circular  arcs  and  loga- 
riibi-ns.  i 2,  Some  equal  correfpondent  fluents  are  found 
by  fubililutions  deduced  from  equations  in  which  two 
variable  quantities  are  fimilarly  involved,  Some 

necelTarv  coneftionsare  given  of  finding  the  huents  of 
all  th  e fluxions  of  the  formula 
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from  ci  4“  /S'  -f  y -p  6cc,  independent  fluents ; but  per- 
haps not  from  a -b  /S  7 -f  fluents,  which  have 
difrerent  values  of  the  quantities,  cr,  A,  /x,  k,  &c. 
14.  The  number  of  independent  fluents  of  the  formu- 

6 -p  + S?n  , , « OT  A -p  7r 

ias  A’  X {a  -p  bx  -j-  cx  ) X v, 

where  a,  (3  and  cr  denote  whole  rdlirmalive  numbers, 

&:c  ; and  the  number  of  independent  fluents  of  the 

• « 

formulae  X/’Y.v,  wlierc  X is  a fluxion  of  wTich  tlie 
fluent  can  be  found,  from  which  can  be  deduced  all  of 
the  fame  formula,  is  immediately  known  from  the 
number  of  independent  fluents  of  the  formula  Yx  and 

Let 


XY  X which  determine  all  of  thofe  formulae. 
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fluents  of  the  fluxions  of  the  formulae x x 
where  is  a whole  affirmative  number,  are  determined 
the  remaining  ones  of  the  fame  formula.  16,  Some- 
thing is  added  concerning  finding  the  value  of  a frac- 
tion, when  both  the  numerator  and  denominator  vanifh  ; 
and  laflly  from  the  fluents  of  fome  fluxions  being  given, 
the  method  of  deducing  the  fluents  of  others. 

Chapter  principally  treats  of  algebraical  and 


fiuxional  equations,  i.  It  gives  tlie  method  of  tranf- 
forming  two  or  nmre  fluxional  equations  into  one  fo  as 
to  exterminate  one  or  more  variable  quantities  and  their 
fluxions,  and  nnds  the  order  of  the  refulting  equation. 
2.  It  reduces  fome  fluxional  equations  into  mote.  3-  A 
method  of  reducing  fluxional  equations  involving  fluents 
fo  as  to  exterminate  the  fluents.  3.  Some  cafes  are 
given,  in  wliich  the  two  variable  quantities  contained 
sn  a given  equation  are  exprefied  in  terms  of  a third. 
4.  Given  an  algebraical  equation  expreffing  the  relation 
between  a;  and  ^ ; a method  is  given  of  fading  the  flu- 
«nt  or  other  fluxions  in  fnite  terms  of  cv  and  y,  if 

they  can  be  expreffed  by  fuch  ; or  elfe  by  infinite  fe- 
lies  ; this  was  firll  taught  in  the  Philofophical  Tranfac- 
tions  in  the  year  1764.  5.  Something  is  added  con- 
cerning the  correction  of  fluxional  equations.  6.  A 
method  of  invefligating,  wfliether  a given  equation  is 
the  general  fluent  of  a given  fluxional  equation.  7.  The 
method  of  deducing,  whether  a given  equation  is  a par- 
ticular or  general  fluent  of  a given  fluxional  equation. 
In  both  by  fiibflitutiiig  for  the  "fluxions  their  values  de- 
duced from  the  flueiiual  equation  their  values  &c  in  the 


fluxional,  the  fluxional  miift  refult  = o ; and  in- 
the  general  fluent  there  mult  be  contained  fo  many  in, 
variable  quantities  to  be  affiimed  at  will  independently 
as  is  the  order  of  the  fluent  ; and  in  both  all  the  varia^ 
ble  quantities  mull  neceflarily  he  variable,  andno  func- 
tion of  them  vaniili  out  of  the  fluxional  equation  from 
the  fubflitntion  ; for  then  all  the  conditions  of  the 
fluxional  equation  are  anfwered  by  the  fluential.  8.  An 
inveiligation,  when  fluxional  equations  are  integrable. 
9.  From  fome  fluents  are  deduced  others,  e,g.  if  the 
area  between  any  two  ordinates  to  one  abfeiffa  can  in  ge- 
neral be  found,  then  the  area  between  any  two  ordinates 
of  any  other  abfcilTa  can  be/ound  8zc^  10.  From  given 
fluxional  equations  and  the  fluents  of  fome  fluxions  are- 
deduced  the  fluents  of  many  others,  it.  The  fluent 
of  the  frit  order  of  a fluxional  equation  of  the  «th  or. 
der  will  have  («)  different  values  and  n different  multi- 
pliers ; and  the  fluent  of  tlie  fecoiid  order  n . 

2 

ferent  values,  &c.  12.  Let  a =z  o,  (3  ~ Oy  y = o, 

Szcy  {ri)  general  fluents  of  the  fluxional  equation.  A™  o,. 
then  wuli  any  function  of  the  fluents  a,  /?,  7,  &c  be  a 
fluent  of  the  fam.e  fluxional  equation  A = o.  1-3.  From 
affiiming  equations,  which  contain  only  fimple  powers 
of  the  invariable  quantities  to  be  affunied  at  will,  may- 
eafiiy  be  deduced  fluxional  equations,  of  which  the. 
geneial  lefolutions  are  known  i 2..  from  affuming 
the  values  of  any  variable  quantities  and  fubftituting 
then  their  fluxions  for  the  variable  quantities,  &c.  in  any 
fundfions  ^r,  &c  of  the  variables  affiimed,  let  the 
quantities  refulting  be  A,  B,  &c  ; then  generally  will' 
— A,  ^ ^ — B,  &c.  be  fluxional  equations,  of  w'-hicli 
the  particular  fluentiais  are  known.  It  may  be  ob=- 
Lived  in  this  place  as  before,  tiiat  from  no  g'eneral  rea- 
foning  can  particular  fluents  be  deduced.  14.  In  the 
refoliition  of  fluxional  equations  it  is  obferved,  that, 
from  the  logarithmic  and  exponential  quantities  con- 
tained in  the  fluxional,  may  be  deduced  by  chapter  i 
the  exponentials  &c  contained  in  the  fluential : 2,  and' 
in  a fimilar  manner  from  the  irrational  quantities  and. 
denominators  contained  in  it,  the  correfpondent  irra- 
tional quantities  and  denominators  contained  in  the  flu-, 
entidl.  3>  th*e  greatelt  dimenfons  of  y multiplied  into 
.V  mufl  be  greater  than  thofe  of  y into  9;  by  unity;, 
when  there  are  twm  of  this  kind  &c,  ayx  -p  ^xy  = 

(Tv  -p  By)  the  refoliition  is  given  ; ‘'and  fo  of  more, 
i V In  the  given  equation.  If  the  fluxion  of  the  great- 
ell  order  does  not  alcend  to  one  dimenflon  only  ; then 
by  extraaioH  &c  lo  reduce  the  equation,  that'  it  may 
afeend  to  one  dimenfion  only;  and  thence  find  the  flu- 
ent of  any  fluxion  PV  + (>  - ^9;  + &c,  -p  + &c. 

16.  Let  a fluxional  equation  be  given  involving  x and  99 
in  which  a-  flows  uniformly,  a method  is  giv^n  of  find- 
ing whethci  it  admits  of  a multiplier,  which  is  a func- 
tion of  .V.*.  and  fimilarly  of  multipliers  of  other  for- 
niuiie.  17.  The  method  ofdetrncing  the  miiltiphers  of' 
fluxional  equations  by  infinite  feries.  18.  Some- 
fluxiorial  equations  are  reduced  by  fubflitutions,  which' 
fubllitutions  are  commonly  eafily  dediicible  from  the 
fluxional  equation  given,  iq.  Somewhat  concerning  the 
rcduaion  ot  lome  fluxional  equations  to  Homogeneous,  and 
concerning  homogeneous  equations  of  diffimeot  orders.; 
and  of  reducing  an  homogeneous  fluxional  .equation  of 
order  to  a fluxiojial  equatibn-  of  — 1 order  ; anti- 

alio- 
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alfo  of  reducing  m fiuxional  equations  of  n order  to  one 
of  I orders,  and  fo  of  all  otbeis  to  one  degree  lefs 
than  the  order  generally  occurring  if  they  had  not  been 
homogeneous.  20.  The  fubilitution  of  an  exponential 
for  a variable  quantity  in  equations  which  cbntain  no 
exponential  quantity  ; for  fometimes  n has  been  fnbfli- 
tuted  for  a quantity  which  flows  uniformly,  and  then  n.o 
fuppofed  to  flow  uniformly,  which  leads  to  a falfe  refo- 
lution.  21,  A caution  is  given  not  to  fubftitute  homo- 
geneous fundlions  of  no  dimenfions  for  variable  quanti- 
ties ; and  in  the  general  refolutlon  to  obferve,  that  there 
is  contained  an  invariable  quantity  to  be  aflumed  at 
will,  which  is  not  contained  in  the  fluxional  equation. 
2 2.  Something  more  added  concerning  the  fluents  of 
/!>'  -f  ScQj  :=z  o,  where  p,  y,  r, 

&c.  are  functions  of  and  fo  of  fome  other  fluxional 
equations.  23.  Fluxional  equations  are  deduced,  of 
wdiich  the  variable  quantities  cannot  be  exprefled  in 
terms  of  each  other,  but  both  may  be  exprefled  in  terms 
of  a third.  24.  Every  fluxion  or  fluent  which  is  a 
fundlion  Xy  y,  z,  and  x,  y &c.  is  exprefled  in  terms 
of  partial  differences.  25.  The  refolution  of  fome 
equations  exprefling  the  relation  between  partial  differ- 
ences 6tc  is  given.  26.  Some  obfervatlons  on  finding 
the  fluents  of  fluxions,  when  the  variable  quantities  be- 
come infinite. 

The  fecond  book  treats  of  increments  and  their  In- 
tegrals. I.  Some  new  laws  of  the  increments  are 
given.  2.  The  fluxion  of  the  increment  of  P will  be 
equal  to  the  increment  of  the  fluxion  ; where  P Is  any 
function  of  x,  if  only  the  fluxion  of  the  increment 
of  X be  equal  to  the  increment  of  the  fluxion. 
3.  Increments  are  reduced  to  others  of  given  formula 

/3  y 

f.  P.  C6  -{- h — ; — +,  Sec,  and  it  is  obferved 

.r  x{x-\-x) 

that  if  $ be  not  = o,  then  the  integral  cannot  be 
found  In  finite  terms  of  the  variable  quantity,  &c.  It 
may  be  obferved,  that  Taylor,  Monmort,  &c,  fir  ft 
found  the  integral  of  the  two  increments 

I 


X,  A"  — X , X- 


!.v  . , , A*  — « — 1 A-andAGA  — A*  ...x  — n — ix 
* * • • 

but  did  not  proceed  much  further  (correfpondent  to  the 
finding  the  fluxion  of  the  fluent  a")  ; the  increments 
of  fluents  have  been  fince  deduced,  &:c.  In  this  book 
are  difeovered  propofitlons  correfpondent  to  moft  of  the 
inventions  in  fluxions,  e»  g.  a method  of  finding  the  inte- 
gral of  any  Increment  exprefled  in  algebraical  or  expo- 
nential terms  of  the  variable  quantity  or  quantities,  and 
when  the  fluent  cannot  be  exprefled ; It  is  obferved 
that  they  cannot  be  exprefled  In  finite  terms  of  the  va- 
riable Xy  &c,  If  the  dimenfions  of  x,  &c,  in  the  deno- 
minator exceed  its  dimenfions  In  the  numerator  by  i ; 
or  if  any  faffor  in  the  denominator  of  the  fraCftion  re- 
duced to  its  lower  terms  have  not  another  contained 
likewife  In  the  denominator,  diftant  by  a whole  num- 
ber, multiplied  into  the  Increment  of  x.  — The  Incre- 
ments of  fome  integrals  are  deduced  from  the  Integrals 
of  other  increments  ; the  integrals  of  fome  incremental 
equations  from  different  methods;  their  general  Integrals, 
and  particular  correftions,  &c,  &c;  but  here  it  is  to 
be  obferved,  that  the  general  problem  of  Increments 
cannot  be  extended  beyond  the  particular  of  fluxions, 


but  fomewhat  more  may  be  adied,  when  both  are  join- 
ed together.  The  third  book  is  verfant  concerning  in- 
finite feries.  i.  It  gives  the  ratio  of  the  apparent  and 
real  convergency.  2.  A method  of  finding  limits  be- 
tween which  the  fum  of  the  feries  confifls  ; and  alfo 
whether  the  fum  of  the  feries  Is  finite  or  not  from  the 
terms  being  given  or  equation  between  the  terms. 
3.  The  corfvergency  of  the  whole  feries  is  judged  from 
the  ratio  of  conveigency  of  the  terms  at  an  infinite  dif- 
tance.  4.  The  feries  from  the  fluent  converges,  if  the 
feiies  from  the  fluxion  does,  there  are  feveral  propo- 
fitions  on  infinite  feries  dedncible  from  the  common 
algebra.  5.  Let  an  equation  o = a — hx  -f  cx"^  — ■ 


h . c c 

dx^  -f  &c  ; and  — much  greater  than  -7-,  — 

a b b 


th 


an 


d (I 

• — • ; &:c.  then  will  all  the  roots  be  pofflble,  and  ---  ati 

C Q 

approximation  to  the  leaft  root,  — to  the  next,  See  : 

c 

If  an  equation  y"  -p  ...  + 73’''"™  "b 

n:  o,  and  If  one  root  be  much  lefs  than  any  m root, 
but  much  greater  than  the  remaining  ; or  if  the  equa- 
tion be  A^  — px'^"'-  -p  ...  ±:  qp 

I ^ the  approxi- 


mation to  the  above  root  be 


S:c. 


6.  Somewhat  on  the  approximations  when  the  approxi- 
mation given  is  much  more  near  to  one,  two,  or  more 
roots  than  to  any  other,  and  on  the  degree  of  conver- 
gency' of  the  fubfequent  approximations  deduced ; 
and  their  ultimate  approximations.  7.  Given  approxi- 
mations to  772  roots  of  a given  equation  are  deduced  more 
near  approximations  to  them.  8.  The  incremental 
equation  given  and  applied  to  approximations.  9.  From 
given  approximations  to  two  or  more  unknown  quanti- 
ties contained  in  two  or  more  equations  are  deduced 
more  near  approximations  to  them,  either  when  the 
approximations  given  are  more  near  to  one,  or  to  two, 
or  more  roots  of  one  or  more  of  the  unknown  quanti- 
ties than  to  any  others,  and  fo  of  infinite  equations. 
10.  New  feries  are  given  for  the  fluents  of  different 

• ^ ^ C 

fluxions.  I . Log.  a’  Hh  <?  12:  log.  a-  — it 

A 2a^ 

See.  ; the  number  whofe  log.  is  (if  N be  log.  of 


1’)  “ N rt  Ne  4: 

12  + A 


■it  the  log.  of 


77-bA  -f  e 


a 


■X  — e 


log. 


See.  The  fine  of  the  arc  A; 


e IS 


a—x  —x'^ 

S dtz  Ce—  ^ SiCy  and  cofine  of  the  fame  arc  = Ci 

L (7^2  + ^c.  S and  C being  the  fine  and  cofine 

of  A,  the  fluent  of  the  fluxion  of  an  elliptical  arc 

which  differs  little  from  the  arc  of  a 

y{i-x^) 

circle  wdien  e is  a very  fmall  quantity  = A — 
i.A-aT  „ , . > ..  iA~aP, 


&c,whereA=/'--r- , B = — 

X *2 
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c =:  &c.  and  P = and  A = 

3 

arc  of  a circle  of  which  the  fine  is  x. 

A fimilar  feries  may  be  applied  from  the  arc  of  an 
hyperbola  or  ellipfe,  to  find  a correfpondent  arc  of  an 
hyperbola  or  ellipfe  not  much  different  from  the  pre- 
ceding. In  this  method  the  feries  proceeds  according 
to  the  dimcnfions  of  fome  fmall  quantities,  and  the  hill 
term  of  the  feries  is  generally  a near  value  of  the  quan- 
tity fought,  Thefe  feries  properly  iniiituted  will  ge- 
nerally converge  the  fwiftcft.  1 i.  Something  new  is 
added  concerning  the  fluent  of  the  f nxional  equation 
y viz  — y ~ E X fin.  arc:  (z)  -p  F + cof. 

(ar.  («)  ; E and  F being  any  quantities  to  be  affumed 
at  will  ; and  of  correfpondent  equations  to  logarithms, 
and  finding  their  values  when  z is  increafed  by  e. 
12.  A feries.  for  the  increafe  of  the  arc  from  a fmail  in- 
crealc  of  the  tangent,  line,  12.  Vv^hen  the  terms 

and  A"  of  the  binomial  ckEa  are  equal,  the  cafes  are 
given  ill  which  the  feries  x -{-  ir; 

m 

+ or  the  feries  d^x,  dz  — x + &c,  &c.  will 

2 . 


ultimately  converge.  13..  If  any  algebraical  quantity 
V a function  of  A^be  reduced  into  a feries  proceeding 
according  to  the  dimenfions  of  a,  a general  method  of 
Ending  what  are  the  limits  between  which  It  converges  ; 
or  the  feries  from  f Y x,  &c;,  and  the  method  of  in- 
terpolations fo  as  to  render  them  converging.  14.  The 
convergency  of  different  feries  are  compared  together. 


g.  is  given 

X x'’" 

I d X --  2(1  -f  a ) 


X 


A" 


3(1  -|-a)3 


-J-  ia3  , &C. 


r X 

4-  See.  or  / — — = 
J 1 


~d — dr i — 4-  he  : 'there  is  an  erratum  con- 

irhA  2(l-i-A)' 

tained.  in  this  example,  for  <2  — is  fometimes  printed 
infteadof  a -p  : this  feries  is  cafily  deduced  from  Ber- 
iiouilli’s  method  of  deducing  infinite  feries,  and  has 
been  fince  printed  in  the  Fhilofophical  Tranfactions. 
i^.  Given  algebraical  or  fiuxional  equations,  and  a, 
fiuxional  quantity,  a method  is  given  of  finding  a fe- 
ries, wTich  expreffes  the  fluent  of  the  fluxional  quanti- 
ty, from  which  principles  are  deduced  new  feries  for 
the  area  of  a fegment  of  a circle,  the  periphery  of  the 
ellipfe,  hyperbola,  &c,  16,  It  is  (hewn,  that  feriefes 

proceeding  according  to  the  dimenfions  of  a quantity  a 
always  diverge,  when  leriefes  for  the  fame  purpofe 
proceeding  according  to  the  reciprocal  of  its  dimen- 
fions converge  ; unlefs  fometimes  in  the  cafe  when 
they  both  become  the  fame.  17.  As  feries. proceeding 
in  infinitum  according  to  the  dimenfions  of  the  quan- 
tity X w^ere  firft  invented  or  ufed  for  the  finding  the 
fluents  of  fluxions,  it  being  reduced  into  terms,  whofe 
fluents  were  known  ; fo  in  finding  integrals  of  incre- 
ments it  may  be  neceffary  to  reduce  the  quantity  into 
an  infinite  feries  of  terms,  whofe  integrals  are  known, 
and  which  converges.  Examples  of  formulas  of  feriefes 
of  this  kind  are  given.  18.  Methods  are  given  of 
finding  the  value  of  one  unknown  quantity  contain- 
ed in  one  or  more  equations  involving  more  un- 
known quantities,  and  the  law  of  their  convergencies 


and  the  interpolations  neceffary  to  render  feriefes  for 
finding  fluents  converging,  fimilar  principles  may  be  ap* 
plied  to  incremental  and  fluxional  equations.  19.  It  is 
obferved,  that  in  finding  the  value  of  any  variable 
quantity  in  a feries  proceeding  according  to  the  dimen- 
fions of  another,  there  will  occur  in  a fluxional  or  in- 
cremental equation  of  («)  order  in  the  feries  n invari- 
able quantities  to  'be  affumed  at  will ; and  alfo  the 
fluxional  equations,  &c,  from  whence  they  will  arife. 

20.  The  finding  the  integral  of — , &c.  21.  From 

the  correfpondent  relation  between  the  fums  of  two  fe- 
ries refulting,  which  are  funftioiis  of  a variable  quan- 
tity j,  when  the  relation  between  a and  s two  values  of 
y are  given,  is  given  a method  of  finding  the  coefli- 
cients  of  the  feries.  22.  The  rule  generally  called  the 
redudlio  ad  abfurdum  extended  to  more  fubilitutions. 

I'he  fourth  book  tieats  of  the  fummation  of  feries, 
a method  of  correfpondent  values  and  feveral  other  pro- 
blems. I.  Of  finding  the  fum  of  a feries  expreffed  by 
a rational  fandlion  of  z into  where  denotes  fuc- 
eeflively  the  numbers  i,  2,  3,  he,  in  infinitum. 

2.  Given  an  equation  exprefling  the  relation  between 
the  fiicceffive  fums,  the  relation  between  the  fuccefiive 
terms  is  known,  and  the  n^ice  n)erfa,  he.  3.  It  is  found 
from  an  equation  exprefling  the  relation  between  the 
fuccefliye  fums,  terms  and  z thediftance  from  the  ifirff  . 
term  of  the  feries,  whether  the  fum  of  the  feries  is  , 
finite  or  not,  4.  The  difference  between  a"®  and 

» "b  i-o»  where  2;  denotes  the  diftance  from  the  firff  term 
of  the  feries,  will  be  — o x which  is  greater  than 

the  fimple  ratio  let  Q be  as  fmali  as  poflible,  and  confe- 
quently  the  fum  of  the  feries  finite.  If  a feries 
a 4’  4-  x\  of  which  at  an  infinite  diflance 

the  preceding  coefficients  have  to  thc  fubfequent  the  ratio 
of  r : I,  be  multiplied  into  a fundlion  = o,  when 
X — then  if  xhe  greater  than  r the  feries  will  diverge  5 . 

if  lefs  converge.  6.  From  adding  feveral  terms  of  one 
or  more  feiies  together  may  be  formed  a feries,  of 
which  the  fum  from  the  fums  of  the  preceding  feries  is 
knowm.  6.  Seriefes  are  formed,  of  which  the  fums  are 
known  from  varying  the  divifors,  &c.  7.  From  given 

feries  are  deduced  others,  of  which  the  fums  are  known,,, 
and  the  fum  of  many  feries  are  deduced  from  finding 
the  fluxions  of  fluents  and  fluents. of  fluxions.  8,  From 
the  relation  betw^een  the  different  terms  given  is  deduced 
the  correfpondent  fluxional  equation.  9.  The  finding 
the  terms  of  any  feries,  which  can  be  deduced  from 
given  feries  ; and  thence  deducing  many  feries  of  which 
the  fums  can  be  found  from  the  fum  of  the  given  fe- 
ries. 10.  Series  are  given  of  which  the  fums  can  be 
found  from  finite  terms,  circular  arcs,  logarithms,  ellip- 
tical and  hyperbolical  arcs.  1 1.  From  a general  expref- 
fion,  when  algebraical,  fluxional,  incremental,  he,  for 
the  fum  of  a feries  can  be  deduced  a fimilar  expreffion  for 
the  fum  of  every  fecond,  third,  &c,  terms.  12.  An  in- 
finite feries  may  be  a particular  refolutlon  of  infinite 
fluxional  equations.  13,  The  terms,  of  fome  feries 
may  be  infinite  and  their  fums  known.  14.  The  gene- 
ral fluent  of  j*  =.  yx^  Is  given  by  a feries  of  the  fame 
kind,  and  the  fame  of  fome  other  fluxional  equatious. 
15,  A quantity  is  found  which  multiplied  into  a feries 

more 
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snore  fwlftly  converging  gives  a given  fet ies.  16.  The 
firft  differences  of  the  terms  of  fome  feries  are  given  ; 
if, the  terms  are  in  geometrical  ratio  to  each  other  the 
abovementioned  differences  will  alfo  ibe  in  geometrical 
ratio  to  each  other : whence  it  appears,  that  the  feries  ‘ 
from  this  method  of  differences  will  converge  lead  when 
the  given  feries  converges  fwifteO,  &c,  but  not  always 
the  contrary.  Several  other  propofitions  are  added  con- 
cerning the  method  of  differences  applied  to  feries. 

17.  A parabolico-hyperbolical  curve  is  drawn  through 
any  number  of  points,  as  alfo  an  algebraical  folid  — . 

18.  Something  is  given  concerning  the  convergency 
See.  of  feries  deduced  from 'the  differences  of  the  nu- 
merators of  a given  feries,  of  which  the  denominators 
conilitLite  a geometrical  progreffion.  19,  A rule  is 
given  for  rendering  feries  converging,  in  which  it  is 
obferved  that  the  fum  of  fo  many  terms  fhould  be  found 
that  z the  diffance  from  the  firit  term  of  the  feries  may 
exceed  the  greatell  root  of  the  equation  lefulting  from 
the  quantity,  which  expreffes  the  term  made  = o. 
20.  An  equation  expreffing  the  relation  between  the 
fums  and  terms  is  reduced  to  an  iiiHnite  fluxional  equa- 
tion expreffing  the  relation  between  the  fum  or  term, 
its  fluxions,  and  z the  diffance  from  the  firll  term  of 
the  feries.  2r.  From  a method  beinof  known  of  And- 
ing  the  fum  of  a feries,  which  Involves  one  variable 
only,  is  given  a method  of  finding  the  fum  of  feries 
which  involve  mpre  variable  quantities  : and  from  af-- 
fuming  fums  of  ferlefes  of  this  kind  are  deduced  their 
terms.  22.  The  fums  of  feries  are  found  confiffing  of 
irrational  terms.  23.  The  principle  of  the  convergen- 
cy of  the  approximations  found  in  drawing  parabolical 
curves  through  given  points.  24.  Something  new  is 


given 

25 


concerning 


a X , (3x 

e -he 


the  interpolations 
-f  &c 


of  quantities. 


= I -h 


X 


in 


-f 


U 


&c. 

&c. 


1 .2  ..  Tl  1 .2. .2/2 

/3,  7,  &c,  are  the  roots  of  — i = o, 
26.  Something  is  added  concerning  feries  from 


if 


a, 


r—  f-  , S.C,  X f- 

J X j xJ  X J 1 


2 '7.  Nandens’s  Pro- 


blems are  fomewhat  extended.  28.  Something  is  added 
on  changing  continual  fiadflons  into  others.  29.  A 
method  of  transforming  feries  into  continual  faftors. 

30.  A rule  for  finding  the  fine  and  cofine  of  — the 

m 

arc  ; and  transforming  an  algebraical  equation  into  an 
equation  expreffed  in  terms  of  fines  and  cofines,  and 
thence  from  an  approximation  to  the  fine  is  found  one 
more  near  ; the  fame  might  have  been  performed  by 
tangents,  cotangents,  fecants,  cofecants,  &:c.  31.  From 
fome  fluents  given  have  been  found  others,  and  confe- 
quently  by  reducing  the  fluents  to  infinite  feries  from 
fome  infinite  feries  given 


may  others  be  deduced.  32.  The  fluent  of  

is  found  by  approximation,  where  oi  Is  an  irrational 
quantity,,  which  method  of  finding  approximations 
to  the  indices  may  be  applied  to  other  cafes.  33. 
The  fum  of  the  fradlions  are  found  when  the  deno- 
minators P,  and  consequently  each  particular  in- 


finite.  34.  It  is  afferted,  that  the  fum  of  certain  frac= 
tions  given  become  =.  o,  when  the  terms  are  expreffed 
by  a fradlion  of  which  the  denominator  is  a ra- 
il r 11  term 


tional  fundfion 
of  the  feries.  35 


of  the  diffance  from  the 

r ^ ^ 1 r^. 

J X xjx 


7 — I 


X 


V X P,  where  P A, 


A" 


IT?  n-hm  , 

■ff"  -f- 


— — I 


X 


+ Dx''  + 3'”+,&c,w;ilbe  to//' 

/a“  ^ xj  kz.  X P : ; AT”  ; if  the 

fluents  are  contained  between  the  fame  values  of  a. 
36.  Are  given  fome  .feries  confiffing  of  two,  of  which 
the  one  converges,  when  the  other  diverges,  and  con- 
fcqiiently  the  fum  of  both  diverges  ; &c.  37.  From  the 
law  of  a feries  being  given,  the  law  of  tlie  feries  which 
expreffes  the  fquare,  or  fome  fundlion  of  the  given 
feries,  is  found. 

1.  A method  of  differences,  which  deduces  from  the 
fums  given  any  fucceflive  fums,  e.  g.  Let  Sh  8%  Sh  8^ 
be  the  logarithms  of  the  ratios  r : r -j-  r ; r 4 2/] 
r : r 4 3/,  r i r 4/,  then  will  the  logarithm  of 
/ ; r 4 5/  be  5_  X (4  - 8*)  4 10  (8^  -SS;  nearly: 
then  rules  are  given  in  general,  and  likevvife  their  errors 
from  the  true  values. 

2.  A method  of  correfpondent  values  is  given,  e.  g. 
Let  a,  h,  c,  2/,  &c,  he  values  of  w ; and  8%  8t>,  8s  8^, 
£:c,  correfpondent  values  of  y ; then  may 

= ~ (a’  - tl)  &c 

(fl  - — c)  [a  -d)  &c 

(v  — tr)  (x  — r)  (x  — d)  & 
il>  — a) 


X + 


X 4 


See  =z 


X 

T ^ 


{b—c)  [b  — d)  &c 

If  the  formula  of  the  feries  be  A 4 B.v  4 Qx 

X {x  — b)  (x—c)  kc 
; ; or  4 — — x ^ 

a (a  — b)  (a—c)  kc 
(x  — tl)  (x  — c)  &c 


{a-c) 
X 4 Sec 


4 

X 4 


{b- — a)  {b  — c)  6ec 

mula  of  the  feries  be  Ax  4 Bx^  + See  = 


if  the  for* 
4,  which 


anfwers  to  Briggs’s  or  Newton’s  method  of  interpola 
tions  ; or  the  feries  will  be 


a 


X 


-rr  X 


A 

kc 


(,2k  - JkJ 
(x^  — uk) 


(x^  — 
(ak  _ 


(22k  - ,/k) 


X 4 


(Ak  - ,k)  (yk  „ ^k) 


See 
See 

r".  X S'*  4 


(2^.c  _ ,4)  (^k  _ 4^  (3k  _ Jky 

if  the  formula  of  the  feries  be  Aa*"  4 Ba"  4 

CA^'  + ^k  q.  ~y;  a general  formula,  which  in- 
cludes the  preceding. 

5.  The  feries  is  given  for  deducing  others  when  the 
number  of  correfpondent  values  given  are  either  even 
or  odd,  and  the  values  of  a, are  equidiffant  from  each 
other.  6.  And  alfo  from  cprrefpondent  values  of  a 
and  4 to  a number  of  equidiffant  values  of  a is  deduced 
the  value  of  4 to  the  next  fucceflive  or  any  fucceflive 
value  of  A.  7.  Some  arithmetical  theorems  are  de- 
duced from  the  preceding  propofitions.  8.  Anotlier 
method  is  given  of  refolving  the  preceding  problem, 
9.  A method  of  corrcdling  tlie  folution  horn  afolntioii 

given 


. A L G 


A H C 
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^Iven  vvlilch  finds  (ti)  values  of  y to  («)  given  values 
of  x true,  and  ni  falfe  to  (?n)  other  values,  lO.  A 
fimilar  refolution  is  added  from  correfpondent  values 
of  Xi  j',  2,  &.C  given  ; and  more  general  refolutions. 
11.  Given  the  refolution  of  feme  cales,  and  formula 
in  which  the  general  is  contained,  a method  is  given^ 
in  fome  cafes  of  deducing  it.  12.  The  principles  of 
a.  method  of  dedudlions  and  redudlions  are  added. 


In  a Pamphlet  piilTiJloed  at  Camhridge,  algebraical 
quantities  are  tranOated  into  probable  relations,  and 
fome  theorems  on  probabilities  thence  deduced ; to 
which  are  adjoined, 

I.  The  theorem  a-\-hma-Vl> -pi  I,  a p b P 2h 


£}  p h al  a P b pn  - i/~  a - a pi'  a±:  2/... 
a p n — 1/  + n 'd.a,apPapzl»*aPzn~2l  X 


h p n 


n — I 


a 


a 


pi 


a 


4:  2/  • it:  « — 3/  X 


l,hd!zl  4.  n , ^ ^ ~ X a , a zt:  I , ap  2I 

2 3 

a p n — X h » b P i - b p zi  4 &c;  this  becomes 
the  binomial  theorem  when  I ^ o and  It  will  afford 
anfwers  to  fimilar  cafes  when  the  whole  number  of 
chances  are  increafed  or  diminlflied  conflantly  by  /,  as 
the  binomial  does  when  they  remain  the  fame,  a fimilar 
multinomial  theorem  is  given.  In  the  fame  pamphlet 
are  further  added  fome  new  propofitions  on  chances, 
on  the  values  of  lives,  furvivorfliips,  &c.  In  thefe 
books  are  alfo  contained  the  inventions  of  others  on 
fimilar  fiibjedls,  which  in  the  prefaces  are  aferibed  to 
their  refpeftive  authors. 

In  the  Phdofophical  PranfaBlons  are  given  fome  pro- 
perties of  numbers,  &c,  of  which  fpme  have  been  pub- 
lifhed  in  the  books  above  mentioned ; to  which  may 
be  fubjoined  fomething  in  mixed  mathematics,  viz, 
a paper  on  central  forces,  which  extends  not  only  to 
central  forces,  but  alfo  to  forces  applied  in  any  other 
diredlion,  as  in  the  direction  of  the  tangent,  and  confe- 
quently  includes  refifiances,  Stc,  It  gives  a rule  for 
finding  the  forces  tending  to  two  or  more  given  points 
when  the  curve  deferibed  and  velocity  of  the  body  in 
every  point  of  it  is  given,  e,g.  Let  the  curve  be  an 
eliipfe,  and  the  velocity  the  fame  at  every  point,  and 
the  two  centres  of  force  be  the  foci  of  the  eliipfe  ; then 
will  the  forces  tending  to  the  two  foci  be  equal,  and 
vary  as  the  fquare  of  the  fine  of  the  angle  contained 
between  the  dillance  from  the  centre  of  force  to  the 
point  in  which  the  body  is  fituated,  and  the  tangent 
to  the  curve  at  that  point. 

7'he  method  of  deducing  the  fluxional  equations 
which  exprefs  the  curve  deferibed  by  a body  aded  on 
by  any  forces  tending  to  given  points,  or  applied  in 
5iny  given  diredlions  ; fome  other  propofitions  are  con- 
tained on  fimilar  fubjedis.  z.  A paper  on  the  fluxions 
of  the  attradlions  of  lines,  furfaces,  and  folids,  and 
Lorn  the  different  methods  of  deducing  them  are  found 
ylifferent  fluents  equal  to  each  other  : a third  paper 
gives  a folution  ©f  Kepler’s  problem  of  cutting  the 
area  of  a circle  deferibed  round  a point  by  approxima- 
tions, which  alfo  is  applied  to  other  cafes ; this  like- 

9 


wife  contains  fome  other  problems.  Many  .of  thefe 
difeoveries  have  fince  been  publifhed,  fom.e  in  the  Lon- 
don, and  other  foreign  tranfirdfions. 

Let  e'^  =;=  N,  then  will  / denote  the  log.  of  N to  the 
modulus  c.^.  If  e the  modulus  ==  10,  then  will  the 
fyflem  be  the  common  or  Briggs’s  fyftem  of  logarithms. 
Logarithms,  and  the  fums  of  fome  other  feriefes,  of 
the  formulae  rAvli  4 hx^  + -f-  &c  may  be  deduced  in 

a manner  fimilar  to  that  which  was  ufed  by  the  Ancients 
for  Imdiiig  the  fines  of  the  arcs  of  circles. 

To  particularlfe  the  numerous  propofitions  contained 
in  thefe  works,  would  exceed  the  limits  of  our  defgn. 
Befdes  thofe  already  mentioned,  others' are  interfperfed 
through  the  whole  works. 

ANEMOMETER,  p.  iii,  col.  2,  1.  i,  after  i% 
ounces,  add  or  f of  a pound.  Owing  to  an  overfight 
in  the  fucceeding  lines,  of  confidering  this  12  ounces 
as.  1 2 pounds,  in  the  calculations,  feveral  errors  have 
been  incurred,  and  the  3d  column  of  the  table  of  num- 
bers, In  that  page,  or  the  column  for  the  velocity,  has 
the  numbers  only  of  what  they  ought  to  be,  or  they 
require  to  be  all  multiplied  by  4,  the  fquare-root  of 
16,  the  number  of  ounces  in  a pound.  Hence,  in  line 
6,  for  jfiz  r,  ; 1.  7 and,  8,  for  22 f r.  9 ly  ; 1.  8, 
for  lyir.  62.  And  the  whole  fucceeding  table  cor- 
rected will  be  as  follows  : 

Pahle  of  the  correfpondlng  Height  of  IV at er^  Force  on  « 
Square  Foot^  and  Velocity  of  IVindj 


Height  of 
Water. 

Force  of 
Wind. 

Velocity  of 
Wind  per  Hour 

Inches. 

Pounds. 

Miles. 

o-d 

1*3 

i8*o 

oi 

2*6 

I 

5*2 

36-0 

2 

10*4 

50-8 

3 

j 5*6 

62*0 

4 

20*8 

76-0 

S 

26’0 

80  *4 

6 

31*25 

88*0 

7 

95*2 

8 

41*7 

101*6 

9 

46-9 

1 08*0 

10 

52-1 

1 1 y6 

1 1 

57*3 

1 19*2 

12 

62*3 

1 24*0 

In  one  inftance  X)r.  Lind  found  that  the  force  of 
the  wind  was  fuch  as  to  be  equal  34^%  pounds,  on  a 
fquare  foot ; and  this  by  proportion,  in  the  foregoing 
table,  will  be  found  to  anfwer  to  a velocity  of  02  miles  ^ 
per  hour, 

ARCH,  p.  137,  col.  i,  1.  29,  for  fuch  cafes  as  they, 
read  fuch  cafes  they.  Line  30,  after  hanches,  addy 
See  Bridge, 

ARCHIMEDES,  p.  139,  col.  i,  I.  52  and  33, /or 
preface,  a commentary,  read  preface.  We  find  here 
alfo  Eutociiis’s  commentary.  Pa.  59,  after  colleo-e, 
addy  who  had  the  foie  care  of  this  edition. 


ASSU- 
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ASSURANCE  on  hh’es^  Pa.  150,  col,  2,  in  the 
3d  paragraph,  for  want  of  fufScient  information  con- 
cerning the  Eondon  and  Royal  Exchange  AlTurance 
Offices,  that  paragraph  gives  an  imperfedl  and,  in  fome 
lefpett,  erroneous  account  of  them  : it  refers  to  their 
hate  30  years  ago,  but  the  Companies  have  fince  that, 
altered  their  method  of  proceeding.  Inhead  of  that 
paiagiaph  theiefore,  take  the  following  account  of 
their  prefent  conftitution  ; viz, 

The  Lo7idon  Assurance,  is  a corporation  cftabliffied 
by  a charter  of  king  George  the  ill,  viz,  in  1720;  un- 
der power  of  which,  AlTurances  are  made  from  the  riffi 
of  lea-voyages,  and  from  the  danger  of  fire  to  houfes 
and  goods  the  prices  of  which  are  regulated  by  the 
apparent  1 ifle  to  be  alTured.  They  alfo  make  Affurances 
on  lives  ; the  prices  of  which  are  formed  on  an 
ehimation  of  the  probable  duration  of  life  at  different 
ages,  on  tlie  confideration  of  the  apparent  health  of  the 
peilonsto  be  aflurcd,  and  of  their  avocations  in  life. 

his  corporation,  and  the  Royal  Exchange  corpo- 
ration, gave  each  tlie  fum  of  iyo,coo  pounds  to  (Go- 
vernment, for  an  ixclnfive  right  of  making  Affurances 
as  corporate  bodies.  1 liey  are  known  to  poffefs  a large 
and  undeniable  fund  to  anfwer  Ioffes.  And  the  prudent 
management  of  thefe  corporations  has  enabled  them, 
of  late  years,  to  increafe  gradually  their  dividends  to 
the  proprietors  of  their  Hock.  This  exclufive privilege 
to  make  Affurances  as  corporate  bodies,  is  of  great 
advantage  and  convenience  to  the  public  ; and  as  they 
acl  under  a common  feal,  the  affured  may  have  a fpeedy 
and  eafy  mode  of  recovering  Ioffes,  and  cannot  be  fub- 
jed  to  any  calls  or  dedudions  whatever.  When  their 


charters  were  granted  to  them,  it  was  enaded,  that  if 
a propi-ietor  of  the  Hock  of  one  corporation  fhould  at 
the  fame  time,  dii'edly  or  indiredly,  be  a proprietor 
of  Hock  in  the  other  corporation,  the  refpedive  Hock 
fo  held  IS  to  be  forfeited,  one  moiety  to  the  king,  the 
other  to  the  informer.  This  was  evidently  fettled,  to 
prevent  their  intereH  from  becoming  a joint  one  ; fo 
tliat  they  fliould  be  made  to  ad  in  competition  to  each 
other,  for  the  greater  benefit  of  the  public. 

The  Royal  Exchange  Assurance,  is  a coi^poi-ation 
cHablilhcd  by  charter,  as  above,  under  the  power  of 
which,  Affurances  are  made  from  theriflv  of  fea- voyages, 
and  fiom  the  danger  of  fire  to  houfes  and  goods  5 the 
prices  of  which  are  i-egulated  by  the  greater  or  lei's  rifl-e 
fuppofed  to  be  affured.  They  alfo  make  Alfui-auces 
on  lives,  the  prices  of  which  are  formed  on  ellimation 
of  the  picibable  duration  of  life  at  diHerent  ages,  and 
under  different  circumHances.  The  prefent  i-atcs  of 
Affurances  on  lives  are  as  in  the  table  below*  And 
though  a duty  on  thefe  .Affurances  fhould  take  place  on 
the  plan  lately  propoled  to  the  kloufe  of  Commons, 
there  is  no  great  probability  that  thefe  prices  will  be 
increafed. 

his  corpoiation  has  alfo,  like  the  former,  been 
empowered  to  grant  life  annuities  by  an  ad  of  parlia-  ' 
ment,  which  requites  that  the  prices  of  the  annuities 
fhould  be  expreffed  in  tables,  hung  up  in  fome  confpi- 
cuous  place  in  their  offices,  for  pulilic  infpection  ; and 
no  agreement  for  any  price  is  valid,  but  Inch  as  ffiall  be 
expreffed  in  the  tables  laH  made  and  pubiiHicd  by  the 
corporation. 
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■prom  l'<e  of  the  Corporation  of  the  ROYAL  EXCHANGE  ASSURANCE,  on  the 

prom  t.je  ..Jice  oj  ROYAL  EXCHANGE,  London.  


RATEiJ  OF  ASSURANCES  ON  LIVES. 


SINGLE  1,  1 V E S. 

I j Premium  per 

Premium  per  ''*•  T^pr  nnn. 
Premiumper  peran- 


Age, 


cent,  ior  an 

affu  ranee  for 

one  year. 


‘.8  to  14 

i '5 

i lO 

17 

18 

■^9 
20 


4. 


I 

I 
I 
1 

I 9 

I II 


A 

6 


d'  • 

3 

6 

o 

6 

o 

3 

o 


cent,  per  an- 
num, for  an 
affurancefor 
feven  years. 


ct-per  ann. 
for  an  affur- 
ance  for  the 
whole  con-  | 
ti  nuance  of 
lite. 


[ O I N T 

Eor  the  Affuranceof  aG  rofs 
Sum,  payable  when  One 
of  Two  Joint  Lives  that 
{liall  be  named  fliall  drop. 

■ 


£.  s.  cL  £.  s.  d, 

6 9 


1 

189 

110  9 

111  9 
I 14  3 


Age  of  the 
lifeagainft 
which  the 
affuranceis 
to  bemade. 


LIVES. 


For  the  AlTurance  of  a Grofs  Sum,  payable 
when  either  of  Two  Joint  Lives  ftiall  drop. 


Premium 
per  cent. 


Premium 
per  ct.  per 
annum. 


I 15 

I 1 6 


9 

9 


21 

I 16  0 

I 17  9 

22 

I t6  6 

118  3 

-2-3 

I 17  3 

118  9 

24 

I 17  9 

I 1 9 6 

25 

I 18  3 

203 

26 

I 1 9 0 

209 

27 

I 19  6 

216 

28 

203 

223 

29 

210 

230 

30 

2 I 6 

2 3 9 

31 

223 

246 

32 

230- 

2 5 3 

33 

239 

2 4 0 

34 

249 

273 

35 

256 

286 

36 

2 6 3 

296 

0 ; 

273 

2 I I 0 

3S 

283 

2 I^  3 

391 

2 9 © 

2 13  9 

^0 

2 1 1 0 

2153 

41 

2 12  b 

216  '9 

42 

2 14  ^ 

2 18  3 

4^ 

2 ^5  9 

2199 

41 

2 17  0 

3 I 6 

45 

2186 

,336 

46 

2 19  9 

3 5 9 

47 

3 I 3 

380 

48 

329 

3 10  6 

49 

3 5 3 

3133 

390 

3160 

5' 

3 II  9 

318  6 

. 5^ 

3 H 0 

410 

53 

3163 

4 3 9 

54 

3 9 

469 

55 

4 I 3 

410  0 

5^ 

440 

4 ^3  6 

5' 

'473 

4170 

5^ 

4 10  3 

509 

4 14  0 

5 4 9 

he 

3 4 17  9 

5 9 0 

I 

Premium 

ge.  1 

\ge. 

per  cent. 

per  ann. 

C 

35 

35 

639 

40 

6 12  0 

45  J 

723 

50  1 

7 ib  3 

55 

8 14  0 

60 

9 10  3 i 

67 

12  1 1 6 

40 

40 

6 19  9 

45 

7 9 9 

50 

8 3 6 

55 

9 06 

60 

10  4 3 

67 

12  17  0 

45 

45 

7 19  3 

50 

8 12  3 

55 

989 

60 

10  12  0 

67 

13  4 0 

50 

50 

9 4 9 

55 

1003 

60 

II  29 

67 

13  13  6 

55 

55 

ro  15  3 

60 

II  16  3 

67 

14  5 6 

60 

60 

12  16  0 

67 

IS  2 9 

67 

67 

1749 

/ 
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By  whom  the  Af- I Name,  age,  and  [Time  for  which 


furance  Is  made, 


defcription  ofthe  I the  Aflurance  is 
life  to  be  Ai*  i made, 
ftired.  I 


The  Aifurance  to  be  void  if 
the  perlon  whofe  life  is  Af- 
fured  fliall  depart  beyond 
the  limits  of  Europe,  fliall j 
die  upon  the  feas,  or  enter 
into  or  engage  in  any  mili- 
tary or  naval  fervice  what- 
ever, without  the  previous 
confent  of  the  company  ; or 
fhall  come  by  death  by  fui- 
eide,  duelling,  or  the  liand 
•of  Juilice  ; or  fliall  not  be, 

■ ■dt  the  time  the  Affurance  is 
made,  in  good  health. 


Conditions  of  /IJ’urance  mack  \ Sum  affured.  Ratey>rrcent. 
by  Perfons  on  their  own 
Lives. 


ter  annum. 


i 


By  whom  the  Af- 
furance is  made. 


Name, 


age  and 
defcription  oft  he 
life  to  be  Af- 
lurtd. 


Time  for  which 
the  Aflurance  is 
made. 


Conditions  of  Affurance  made  Sum  affured. 
by  Perfons  on  the  Lives  of 
others. 


i 


The  Affurance  to  be  void 
If  the  perfon  whofe  life  is 
Affured  fliall  depart  beyond 
the  limits  of  Europe,  fliall 
die  upon  the  feas,  or  enter 
into  or  engage  in  any  mili- 
tary or  naval  fcrvice  what- 
iever,  without  the  previous 
! confent  of  the  company  ; or 
I fhall  not  be  at  the  time  the 
I Affurance  is  made  in  good 
health. 


Rate/’c’rccnt. 
per  annum. 


Place  and  date  of  birth. 

If  had  the  fmall-pox. 

Whether  in  the  army  or  navy. 

The  life  Affured  to  appear  at  the  ofHcc,  or  pay 

1 or.  per  cent,  on  Affurances  for  one  year. 
l^s.per  cent,  for  more  than  one  year, 

and  not  exceeding  feven  years.  1 Inthefirflpay 

2 or.  per  cent,  if  for  the  whole  coiitinii-  j ment  only. 

anceoflife.  J 


Reference  to  be  made  to  tw’-o  perfons  of  repute  to  afeer- 
tain  his  or  her  identity. 

Attendance  daily  from  ten  to  half  pafl  two 

o’clock  and  from  five  to  feven,  Saturday  in  the' 

afternoon  excented. 

1 

The  lives  of  perfons  engaged  in  the  army  or  navy 
may  be  Affured  by  fpecial  agreement. 

W.  P.  THE  CORPORATION  ALSO  GRANT 
ANNUITIES  ON  LIVES.  . 


A 


Vor..  II. 


AUTOMATON. 


A U T 


A U T 
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automaton.  To  the  end  of  this  article.  In 
pa.  176,  col.  2,  maybe  added  the  following  curious 
particulars,  extraded  from  a letter  of  an  ingenious 
gentleman  fincc  that  article  was  publiflied,  viz,  Tho- 
mas Collinfon,  Efq.  nephew  of  the  late  ingenious  Peter 
Collinfon,  Efq.  E.  R.  S.  ‘‘  Turning  over  the  leaves  of 
your  late  valuable  publication  (fays  my  worthy  corre- 
fpondent),  part  I.  of  the  Mathensatical  and  Philofophi- 
eal  Didtionary,  1 obferved  under  the  article  AalomatoUi 
the  foliovvino-  V’  ‘ But  all  thefe  feem  to  be  Inferior  to 
M.  Kem pell’s  chefs-plaa'cr,  which  may  truly  be  con- 
iidered  as  the  greateil  mailer-piece  in  mechanics  that 
ever  appeared  in  the  world  (upon  which  Mr.  Collin- 
fon oblerves)  “ So  It  certainly  would  have  been,  had 
its  fcienlific  movements  depended  merely  on  mechanifm. 
fieing  fiightly  acquainted  with  M.  Kcmpell  when  he 
exhiliited  his  chefs-playing  figure  in  London,  I called 
on 'him  about  five  years  fince  at  his  houfe  at  Vienna  j 
another  gentleman  and  myfelf  being  then  on  a tour  on 
the  continent.  The  baron  (fori  think  he  is  fuch) 
jhewed  me  fome  working  models  which  he  had  lately 
made—  among  them,  an  improvement  on  Arkwright’s 
cotton-mill,  and  alio  one  which  he  thought  an  improve- 
ment on  Boulton  and  Walt’s  laid  fteam-engine.  I afle- 
ed  him  after  a piece  of  fpeaking  mechanifm,  which  he 
bad  ihewn  me  when  in  London.  It  fpoke  as  before, 
and  I gave  the  fame  word  as  I gave  when  I firil  faw 
it,  Rxplodation,  which  it  difilndly  pronounced  with 
the  French  accent.  But  I particularly  noticed,  that 
not  a woid  palled  about  the  chefs-player ; and  of  courfe 
J did  not  aik  to  fee  it.  — In  the  progrefs  of  the  tour  I 
came  to  Drefden,  where  becoming  acquainted  with 
Mr.  Eden,  our  envoy  there,  by  means  of  a letter 
given  me  by  his  brother  lord  Auckland,  who  was  am- 
baffador  when  I was  at  Madrid,  he  obligingly  accom- 
panied me  in  feeing  feveral  tliings  worthy  of  attention. 
And  he  introduced  my  companion  and  myfelf  to  a 
gentleman  of  rank  and  talents,  named  Jofeph  Freidrick 
Freyhere,  who  feems  completely  to  have  difeovered  the 
Vitality  and  foul  of  the  chefs-playing  figure.  This  gentle- 
man courteoufly  prefented  me  with  the  treatife  he  had 
publhhed,  dated  at  Drefden,  Sept.  30,  1789,  explaining 
its  principles,  accompanied  with  curious  plates  neatly 
coloured.  This  treatife  is  in  the  German  language  ; 
and  I hope  foon  to  get  a tranfiation  of  it.  A well- 
taught  boy,  very  thin  and  fmall  of  his  age  (fufficlently 
fo  that  he  could  be  concealed  in  a drawer  almoft  imme- 
diately under  the  chefs-board),  agitated  the  whole. 
Even  after  this  abatement  of  its  being  ilridly  an  auto- 
maton, much  ingenuity  remains  to  the  contriver.— 
This  difeovery  at  DrcfdenaGCOunts  for  the  fileuce  about 
it  at  Vienna  ; for  I underiland,  by  Mr.  F-,den,  that 
Mr.  Freyhere  had  fent  a copy  to  baron  Kempell : 
though  he  feems  unwilling  to  acknowledge  that  Mr. 
F.  has  completely  analyfed  the  whole. 

I know  th,at  long  and  uninterefiing  letters  are- 
formidable  things  to  men  who  know  the  value  of  time 


and  fcience  ; but  as  this  happens  to  be  upon  the  fub- 
jedt,  forgive  me  for  adding  one  very  admirable  piece 
of  mechanifm  to  thofe  you  have  touched  upon.  When 
at  Geneva,  I called  upon  Droz,  fon  of  the  oiiginal 
Droz  of  la  Chaux  de  Fonds  (where  I alfo  was).  He 
fhewed  mean  oval  gold  fnuff  box,  about  (if  1 recolledt 
right)  4 inches  and  a half  long,  by  3 inches  broad,  and 
about  an  inch  and  a half  thick.  It  was  deuble,  havincp 

• O 

an  horizontal  partition  ; fo  that  it  may  be  confidtred  as 
one  box  placed  on  another,  with  a lid  of  courfe  to 
each  box — One  contained  fnuff — In  the  other,  as  foon 
as  the  lid  was  opened,  there  rofe  up  a very  fmall  bird, 
of  green  enamelled  gold,  fitting  on  a gold  fiand.  Im- 
mediately this  minute  curiofity  wagged  Its  rail,  (hook 
its  wings,  opened  its  bill  of  white  enamelled  gold,  and 
poured  forth,  minute  as  it  was  (being  only  three  quar- 
ters of  an  inch  from  the  beak  to  the  extremity  of  the 
tail)  fuch  a clear  melodious  fong,  as  would  have  filled 
a room  of  20  or  30  feet  fquare  with  its  harmony. — Droz 
agreed  to  meet  me  at  Floit;nce  ; and  we  vifited  the 
Abbe  Fontana  together.  He  afterwards  joined  me  at 
Rome,  and  exhibited  his  bird  to  the  pope  and  the  cardi- 
nals in  the  Vatican  palace,  to  the  admiration,  I may  fay 
to  the  ailonilhment  of  all  who  faw  and  heard  it.” 

Another  extradf  from  a fecond  letter  upon  the  fame 
fubjedf,  by  Mr.  Collinfon,  is  as  follows  : “ Permit  me 
to  fpeak  of  another  Automaton  of  Droz’s,  which  feve- 
ral years  fince  he  exhibited  In  England ; and  which, 
from  my  perfonal  acquaintance,  I had  a commodious 
opportunity  of  particularly  examining.  It  was  a figure 
of  a man,  I think  the  fize  of  life.  It  held  in  its  hand 
a metal  ftyle  ; a card  of  Dutch  vellum  being  laid  under 
it.  A fpring  was  touched,  which  releafed  the  Inter- 
nal clockwork  from  its  Hop,  when  the  figure  Immedi- 
ately began  to  draw.  Mr.  Droz  happening  once  to  be 
lent  for  in  a great  hurry  to  wait  upon  fome  confider- 
able  perfonage  at  the  weft  end  of  the  town,  left  me  i» 
poflelfion  of  the  keys,  which  opened  the  receffes  of  all 
his  machinery.  He  opened  the  drawing-mafter  him- 
felf ; wound  It  up  ; explained  its  leading  parts  ; and 
taught  me  how  to  make  it  obey  my  requirings,  as  it 
had  obeyed  his  own.  Mr.  Droz  then  went  away* 
After  the  firft  card  was  finiftied,  the  figure  refted.  I 
put  a fecond  ; and  fo  on,  to  five  feparate  cards,  all 
different  fubjedls  ; but  five  or  fix  was  the  extent  of  its 
delineating  powers.  The  firft  card  contained,  I may 
truly  fay,  elegant  portraits  and  llkeneffes  of  the  king 
and  queen,  facing  each  other  ; and  it,  was  curious  to 
obferve  with  what  precifion  the  figure  lifted  up  his  pen- 
cil, in  the  tranfition  of  it  from  one  point  of  the  draft 
to  another,  without  making  the  leaft  flur  whatever ; 
for  Inftance,  in  paffing  from  the  forehead  to  the  eye, 
nofe,  and  chin  ; or  from  the  waving  curls  of  the  hair 
to  the  ear,  Sic.  I have  the  cards  now  by  me, 
&c,  &c.” 

Pa.  177,  col.  I,  I,  2j  far  Auguft  read  September. 
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PAGE  19^,  col.  I,  at  the  end  of  the  article  on 
Barometrical  Meafurements  of  Altitudes,  add^  See 
a learned  paper  In  vol.  i.  of  the  Tranfaftlons  of  the 
R.  Soc.  of  Edinburgh,  “ On  the  Caufes  which  affed 
the  Accuracy  of  Barometrical  Meafurements ; by 
John  Playfair,  A.  M,  F.  R.  S.  Edin.  and  ProfefTor  of 
Mathematics  In  the  Unlverfity  of  Edinburgh/’  Alfo 
another  by  Dr.  Damen,  late  ProfefTor  of  Mathema- 
tics and  Philofophy  in  the  Univerfity  of  Leyden,  in- 
titled,  DIlTertatio  Phyfica  & Mathematica  de  Mon- 
tlum  Altitudine  Barometro  Metlenda ; Accedit  Re- 
fraAIonis  Ailronomicas  Theorla  j In  8vo,  at  the  Hague, 
1783, 

Pa.  205,  col.  I,  after  the  life  of  Dan.  Bernoulli,  ar/J 
the  following  life  of  James. 

BERNOULLI  (James),  another  mathematical 
branch  of  the  foregoing  celebrated  family. . He  was 
born  at  Bafil  in  Odtober  1759  » being  the  fon  of  John 
Bernoulli,  and  grandfon  of  the  hrft  John  Bernoulli, 
before  mentioned,  and  the  nephew  of  Daniel  Bernoulli 
lalt  noticed  above.  Our  author’s  elder  brother  John, 
whoftlil  lives  at  Berlin,  Is  alfo  well  known  In  the  republic 
of  fcience,  particularly  for  his  aftronomical  labours. 

The  gentlemail  to  wdiom  this  article  relates,  was 
educated,  as  moil  of  his  relations  had  been,  for  the 
profcffion  of  law : but  his  genius  led  him  very  early 
into  the  iludy  of  mathematics  ; and  at  2©  years  of  age 
lie  read  public  ledlures  on  experimental  philofophy  in 
the  univerfity  of  Bafil,  for  his  uncle  Daniel  Bernoulli, 
whom  he  hoped  to  have  fucceeded  as  profelTor.  Being 
difappointed  in  this  view,  he  refolved  to  leave  his  native 
place,  and  to  feek  his  fortune  elfewhere  ; hence  he  ac- 
cepted the  office  of  fecretary  to  Count  Brenner,  the 
emperor’s  envoy  to  the  republic  of  Venice  ; and  in 
this  city  he  remained  till  the  year  1786,  when,  on  tlie 
recommendation  of  his  countryman,  M.  Fufs,  lie  was 
invited  to  Peterfburgh  to  fucceed  M.  Lexell  In  the  aca- 
demy there,  where  he  continued  till  his  death,  which 
happened  the  3d  of  July  1789,  at  not  quite  30  years  of 
age,  and  when  he  had  been  married  only  two  months,  to 
the  young  ell  daughter  of  John  Albert  Euler,  the  fon 
of  the  fo  celebrated  Leonard  Euler. 

Jtnpofj'ihU  or  Imaginary  BINOMIAL.  After  this 
article,  in  pa.  208,  the  middle  of  coli  i,  add  what 
here  follows. 

In  the  hiregoing  article  are  given  fevtral  rules  for 
tlie  roots  of  Binomials.  Dr.  Maflcelyne,  the  Altrono- 
Rier  Royal,  has  alfo  given  a method  of  finding  any 
power  of  an  Impoffible  Binomial,  by  another  like  Blno- 
mial.  This  rule  Is  given  in  his  Introduflion  prefixed 
to  Taylor’s  Tables  of  Logarithms,  pa.  36  ; and  is  as 
folh.’ws. 

The  logarithms  of  a and  h being  given,  it  is  re- 
quired to  fiifd  the  power  of  the  Irr.poffible  Binomial 
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a ± \/  — !>’•  whofe  index  is  — , thut  is,  to  finJ 
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— v/  — ) by  another  ImpolTiblc  Binomial ; and 
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thence  the  value  of  — (^a ^ , 

which  is  always  poffible,  whether  a or  b be  the  greater 
of  the  two. 

Solution.  Put  — ==  tang.  z.  Then 
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Hence  x 

m 

r r ft  ft*  ^ 

2 cof.-  z X Icc.zi  X 2 cofin.  - 2;  = (3  X cofec  3.)  « 

m 

X 2 cofin.  — where  the  firfi  or  fecond  of  thefe  two 

ft 

lafl  expreffions  Is  to  be  ufed,  according  as  % Is  an  ex- 
treme or  mean  arc  ; or  rather,  becaufe  — Is  not  only 

a 

the  tangent  of  z,  but  alfo  of  z -f  360°,  s -j-  720**, 
; therefore  the  fadhor  in  the  anfvver  will  have  feveral 
values,  viz, 

- ft^  ft*  fff 

2 cof.  — z;  2 cof. — (z  -j-  360°) ; 2 cof.  — (z  -j-  720°}’; 

ft  n ^ ' n ^ * 

See  ; the  number  of  which.  If  m and  n be  whole  num- 
bers, and  the  fraction  ~ be  in  its  lead  terms,  will  be 

ft 

equal  to  the  denominator  n ; otherwife  Infinite. 

Jly  Logarithms.  Put  log,  b + 10 — log.  a = log.  tan.  z 


m 


ft/ 


Then  log.  ^ -f  « -f  {a  - -b-^)  \} 

— ~ X (l./i-f-  10—1,  cof.  z)  -f-  h 2 -j-  1.  Cof. " Z — I O 

rt  ■'  „ ^ 


n 

— ” X (1.  — 1.  fin.z)  -fl.  2 -f  1.  cof. !!;  z - 10  ; 

where  the  fird  or  fecond  cxprefiion  I3  to  be  ufed  ac- 
cording as  z is  an  extreme  or  mean  arc.  Moreover  ])v 

taking  fucceffively,  I.  cof.  - J 1.  cof. 

1.  cof.  — (z-f  720^)  ; &c,  there  will  arife  feveral  dli- 

tina  anfwers  to  the  quedion,  agreeably  to  the  re- 
mark above. 

BINOMIAL  Theorem.  Francis  Maferes,  Eib 
(Curlitor  Barou  of  the  Exchequer)  Iws  cc  !u.nu,;.  -jt4^ 
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the  following  obfervations  on  the  Binomial  theorem, 
and  its  demonllration  ; viz,  About  the  year  1666  the 
celebrated  Sir  Ifaac  Newton  difeovered  that,  if  m weie 
put  for  any  whole  number  whatfoever,  the  coefficients 
of  the  terms  of  the  wth  power  of  i -I"  a would  be 


m m m — i I i ^ 


till  we  come  to  the  term 


m — 


(ffl  — 0 
m 


5 which  will 


be  the  lad  term.  But  how  he  difeovered  this  propo- 
firdon,  he  has  not  told  us,  nor  lias  he  even  attempted  to 
give  a demonllration  of  it.  Dr.  John  Wallis,  of  Ox- 
ford, informs  us  (in  his  Algebra,  chap.  85,  pa.  3*9) 
he  had  endeavoured  to  find  this  manner  of  generating 
thefe  coefficients  one  from  another,  but  without  fucccus  ; 
and  he  was  greatly  delighted  with  thedifeovery,  when  he 
found  that  Mr,  Newton  had  made  it.  But  he  likewife 
has  omitted  to  give  a demonllration  of  it,  as  well  as  fur 
Ifaac  Newton  ; and  probably  he  did  not  know  how  to 
dem.onllrate  it. 

Sir  Ifaac  Newton,  after  he  had  difeovered  this  rule 
for  generating  the  coefficients  of  the  powers  of  I -f 
when  the  indexes  of  thofe  powers  were  whole  numbers, 
conjedlvifed  that  it  might  poffibly  be  true  hkewife 
wlien  they  were  fradlions..  He  therefore  reiolvedto  try 
whether  it  was  or  not,  by  applying  it  tofuch  indexes  in 
a few  eafy  inilances,  and  particularly  to  the  indexes 
i and  |,  which,  if  the  rule  held  good  in  the  cafe  of 
fradlional  indexes,  would  enable  him  to  find  feidefes 

equal  to  the  values  of  i + erj®  and  ^ , ot* 

the  fqiiare-root  and  the  cube-root  of  the  Binomial 
quantity  i -b  x.  And,  when  he  had  in  this  manner 

obtained  a feriee  for  1 ■ ffi  wY?  which  he  fufpe6led  to 
1 

be  equal  to  i -f  .r!  , or  the  fquare  root  of  i x, 
he  multiplied  the  faid  feries  Into  itfelf,  and  found  that 

the  product  was  i -f  .r ; and  wffieri  he  had  obtained  a 

1. 

feries  for  i -j-  .vj/  he  multiplied  the  faid  feries  twice 
into  itfelf,  and  found  that  the  product  was  1 -f  w ; and 
thence  he  concluded  that  the  former  feries  rvas  really 
equal  to  the  fquar(?-root  of  i -j-  a’,  and  that  the  latter 
feries  was  really  equal  to  its  cube-root  . And  from  thefe 
and  a few  more  fucli  trials,  in  which  he  found  the  rule 
to  anfwer,  he  concluded  univerfally  that  the  rule  was 
always  true,  whether  the  index  ?/i  flood  for  a whole 
number  or  a fraction  of  any  kind,  as  J,  J,  f,  |,  J,  f. 


or,  in  general  — . 

''  9 

After  the  difeoveryr  of  this  rule  by  Sir  Tfaac  Newton,, 
and  the  publication  of  it  by  Dr.  Wallis,  in  his  Algebra, 
chap.  85,  in  the  year  1685,  (which  1 believe  was  the 
firft  time  it  was  pnblifhed  to  the  world  at  large,  though 
it  w^as  infer  ted  in  Sir  Ifaac  Newton’s  firtl  letter  to  Mr. 
Oldenburgh,  the  fecretary  to  the  Royal  Society,  dated 
June  13,  .56,":6,  and  the  faid  letter  was  h ewn  to  Mr. 
.Leibnitz,  and  probably  to  fome  other  of  the  learned 
mathematicians  of  that  time  it  remained  for  fome  years 
without  a demonllration,  either  In  the  cafe  of  Integral 
powers  or  of  roots.  At  lail  however  it  was  demon- 


ilrated  In  the  cafe  of  integral  powders  by  means  of  the 
properties  of  the  figurate  numbers,  by  that  learned,  fa- 
gacious,  and  accurate  mathematician  Mr.  James  Ber- 
noulli, in  the  3d  chapter  of  the  2d  part  of  his  excellent 
treatife  De  Arte  ConjediamU,  or,  0?i  the  Art  of  forming 
reafonahle  ConjeAures  concerning  Kvents  that  depend  on 
Chance  ; wliich  appears  to  me  to  be  by  much  the  bell 
written  treatife  on  the  dodlrine  of  Chances  thathasyet 
been  piibliihed,  tboiigh  Mr.  Deraoivre’s  book  on  the 
fame  fuhjeft  may  have  carried  the  dodlrine  fomething 
further.  This  treatife  of  Mr.  James  Bernoulli’s  was 
not  publiflied  till  the  year  i 71 3,  which  was  fome  years 
after  his  death,  which  happened  In  A.ugull  1.707  ; but 
there  is  reafon  to  think  that  it  w^as  compofed  in  the  latter 
years  of  the  preceding  century,  about  the  ywars  i 696, 
1697,  1698,  1699,  and  1700,  and  even  that  fome 
parts  of  it,  or  fome  of  the  propofitions  inlerted  in  it,, 
had  been  found  out  by  the  author  in  the  years  1689, 
1690,  1691,  and  1692.  For  the  firft  part  of  his  very  cu- 
rious traft,  intitled,  Po/itwnes  Arithmetica.  de Seriehis  Inf.^ ■ 
ntfis  was  publiftiedat  Bafil  or  Bafte  in  Switzerland  (which 
was  his  native  place,,  and  in  which  he  was  at  that  time 
profeflbr  of  mathematics)  in  the  year  1689;  and  the 
fecond  part  of  the  faid  FofUones  (in  the  19th  Pofitiou: 
of  which  thofe  properties  of  the  figurate  numbers  from 
which  the  Binomial  theorem  may  be  deduced,  are  fet 
down)  was  publiftied  at  the  fame  place  in  the  year  1692,, 
But  the  dgmenftratlons  of  thofe  properties  of  the  figu- 
rate numbers,  and  of  the  Binomial  theorem,.,  which 
depends  upon  them,  were  never  as  I believe  communN 
cated  to^^the  public  till  the  year  I7I3>  when  the  au- 
thor’s pofthumous  treatife  De  Arte  GonjcAandl  irreAt  its 
appearance.  '1  hefe  dcmpnftratlons  are  founded  oil, 
clear  and  firaple  principles,  and  afford  as  much  fatlf- 
fadlion  as  can  well  be  expected  on  the  fubjedt..  But 
the  full  difplay  and  explanation  of  thefe  principles,  and; 
the  dediidlion  of  the  faid.  properties  of  the  figurate  num- 
bers, and  ultimately  of  the  Binomial  theorem,  from 
them,  is  a matter  of  confiderable  length,  It  will  not 
therefore  be  amifs  to  give  a ftiorter  proof  of  the  truth, 
of  this  important  theorem,  that  ffiali  not  require  a, 
previous  knowledge  of  the  properties  of  the  figurate 
numbers,  but  yet  fliall  be  equally  conclufive  with  that 
which  is  derived  from  thofe  properties.  Now  this  may 
be  done  in  the  manner  following. 

Let  us  fuppofe  that  the  coefficients  of  the  terms  of 
the  firft  fix  powers  of  the  Binomial  quantity  i -j- 
have  been  foimd,  upon  trial,  to  be  fuch  as  would  bs:^ 
produced  by  the  general  cxpreffions 


m m w — I 


by  fubftitnting  in  them  firft  i,  then  2,  then  3,  them 
4,  then  7,  and  laftly  6,  inftead  ot  This  may  ear 
fijy  be  tried  by'raifing  the  faid  firft  fix  powers  of  1 + a? 
by  repeated  multiplications  by  i -ft  x in  the  common' 
way,  and  aiterwards  finding  the  terms  of  the  fame 
powers  by  means  of  the  laid  general  cxpreffions  above 
which  will  b.e  found  to  produce  the  very  fame,  terms  as- 
arofe  from  the  multiplications.  After  thefe  trials  we 
ftiall  be  hire  that  thofe  general  cxpreffions  are  the  true 
values  of  the  coefficients  of  the  powers  of  I + ■*’ 
kaft  in  the  faid  firft  fix  powers.  And  it  will  therefore  only 

remain. 


I 
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be  proved  tbat^  Cnee  the  rule  is  true  in  the 
faid  Crib  fix  powers,  it  will  alfo  be  true  in  the  next  fol- 
lowing, or  the  7th  power,  and  confeqiiently  in  the  8th, 
9th  and  10th  powers,  and  in  all  higher  powers  what- 
foever. 

Now,  if  the  Coefficients  of  the  I ft,  2d,  3d,  4th,  and 

m 

Other  following  terms  of  1 -f  A be  denoted  by  the  let- 
ters b,  c,  Jy  See,  refpedf ively,  it  is  evident  "from  the 
nature  of  multiplication,  that  the  'coefficients  of  the 
ift,  2d,  3d,  4tb,  and  other  following  terms  of  the 

wi  -p  -I 

next  higher  powder  of  i -f  a;,  to  wit,  i + J 
will  be  equaf  to  a b,  + c,  c J,  &c,  l efpec- 
tively,  or  to  the  fums  of  every  two  contiguous  coeffi- 
cients of  the  tei  ms  of  the  preceding  feries  which  is 

m 

I -p  ^ . Thl^3  will  appear  from  the  operation  of 
multiplication,  which  is  as  follow's. 

a 4-  kv  4-  ft-  ft-  4. 

I ft-  JC 


a -p  lx  ft-  ft-  Jx^  ft-  rx^  ft-  &'c 
ft-  ax  -p  l.\r  ft-  cx^^  ft-  r/w'’’  ft 


m 

Therefore,  if  i ft  r)  is  equal  to  the  feries 
a ft-  hx  ft-  cx^  ft-  ft-  ex^  ft 

jn  -P  I 

l^hen  I ft  -a.-*  will  be  eqijal  to  the  feries 

a a + . .r  ft  li'  -p  r ..v^ft-  r ft  d.x^  ft  8cc* 

Now  let  « be  = ;72  ft-  i . We  ffiall  then  have  to 
prove  that,  if  the  coefficients  a,  by  c,  r/,  &c,  be  re- 
fpedlively  equal  to 


m tn  m — i m m — i 

, — . ^ , , 

I I 2 12 


the  coefficients  ^2,  <2  ft  ft  r,  .See,  will  be  refpec- 
tively  equal  to 


n n I n « — i n — 2 


In  order  to  prove  this,  there  is  nothing  more  to  do 
than  to  colledt  together  every  two  terms  of  the  former 
ofthefe  two  feries,  and  then  fubllitute  into  thefe  fums, 
n inllead  of  w ft  j,  when  there  will  immediately  come 
out  the  terms  of  the  latter  feries  as  above,  viz, 


. n n 71  n—i 

iftaJ  rzift-w-i . x"^  ft  &:c,  q.  e.  d». 
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Binomial  Theoi'erriy  Improijementof,  Mr-  Bonny- 
caCIe,  of  the  Royal  Mil.  Acad,  has  lately  dCcovered 
the  foilowdng  ingenious  improvement  of  this  theorem, 
which  is  now  publiflied  for  the  CrC  time. 

This  celebrated  theorem  has  been  given  under  various 
forms,  Cnee  the  time  of  its  firil  Invention  ; but  the  fol- 
lowing property  of  it  is  conceived  to  be  new,  and  capa- 
ble of  an  application  of  which  the  original  feries  is  not 
fufceptible. 

The  Newtonian  theorem,  in  one  of  its  moll  commo- 
dious forms,  Is 


■ ^ . n.n-i.n~~2  , , n.n’i.n-i.ti-2 

rftft)^^i  + «/>ft /ft + - 

^ 2.3  2.3.4 


&c  ; and  the  new  theorem  here  alluded  to,  is 


Ift pY ~ I ft  ft 3^«*ft ft 

2 2.3  2.3.4 


kc  * 


where  ^ ^ ~ 1 -f  _ ^^4  ft  jpb 

Of  which  the  iiiveftigatlon  is  as  follows  : 


ift/1  =Jft«/ft -/ft 


72.n-i.n-2. 


f.  - . n.n-j.n-2.n-7  , 

-/ft ^kc 

2.3,4 

'/)  3 

= l-\-np~r  + + 

2 3.J  2.3.4 

ft  (/Z^  — lO/i^ft  35/i3_-o«^  ft  24/z)  — 

2‘3’4*5 

ft  («®-l5«5ft  85^i4-.,2r«3  4-2747/^-1207/) k. -&c,. 

2. 3.4.5. 6 

Then  by  connedling  the  feveral  powers  of  p with  all  the 
like  powers  of  n,  the  latter  feries  wall  become 


T + - g I V'  ■ - I ^4/^  J 

2 2.3  2.3.4  2.3. 4. 5 2.3.456 


&c)/2 


ft  (^!__M?4. 


2 2.3  2.3.4  2.3.4.5  2.3.4.5.6 


+ ( 


6p^ 


+ 


35/ 


225/ 


2.3  2.3.4  2.3.4. 5 2. 3. 4. 5. 6 

/)4 


kQ)n^ 


10*5  . 

P -kc)n'*- 


.3.4  2. 3. 4.5  2. 3. 4.5. 6 


+ ( 


/• 


i5/.< 


2. 3.4.5  2. 3. 4. 5.6 


kc)7:p 


+ ( 


2.3*4*  5*^ 

^c  j, 


kc)7i^ 


which  by  abbreviation,  kc,  becomes  . 

p^  pi  pA  ps 

I ft  ^p j j — kc)7i 

2345  6 


50/ 


4-' 


274/ 


34  3-4-5  3-4-5-6 


2*-3  4 4-5  4*5*^ 


2.3.4 
H- 


5.6 


2 » 3 • 4’  5 


(py  - 


15/ 


&c)7i^ 


2.3*4*S*^ 


(p^  &c)7/^ 


&c. 


In  which  lafl  feries,  the  literal  parts  of  the  coefficients 
of  the  3d,  4th,  5tli,  &c  terms,  are  the  fquare,  cube^. 
biquadrate,  &.c,  of  the  coefficient  of  the  2d  term,  as 
will  appear  either  from  the  adlual  involution  of 

p 1 3cc,  or  by  comparing  its  feveral. 

2 3 4* 

powers  with  the  multinomial  theorem  of  Demoivreo 
From  hence  it  follows  that, 
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1 + />\  =r  t + (/I-^ + — (/-^+ ~ 

+ — (/4  + 7 . I " 

2.3  2 3 2.3.4  3 3 

6ic, 

And  if  p — &c  be  put  = J,  we  (ball have 

234 

^"tp^v;  zr  I + J«  4- ~ .y^?4  *h 


2«3 


2.^.4 

5-/  T 


as  was  to  be  fliewn. 


By  a fimilar  mode  of  dedudion,  it  may  alfo  be 
proved  that 

■■f*u*8cci 


I - /«  + iA’  - 

2,3  2.3.4 


where  in  this  cafe  f = p h — + — &c* 

2 3 4 

In  each  of  which  formula,  the  index  «,  may  be  con- 
fidered  either  as  a whole  number,  a fraftion,  a furd,  a 
given  or  an  unknown  quantity,  as  the  circumttance  may 
require. 

For  the  application  of  thefe  theorems,  fee  Loga» 
RiTHMS,  and  Exponential  Equations,  following. 


CAN 

CANAL,  in  general,  denotes  a long,  round,  hol- 
low inftiument,  through  which  a fluid  matter  may 
be  conveyed.  In  wEich  fenfe,  it  amounts  to  the  fame 
as  what  is  otherwife  called  a pipe,  tube,  channel,  &c. 
Thus  the  Canal  of  an  aqueduft,  is  the  part  through 
W’hich  the  water  pafles  ; which,  in  the  ancient  works  of 
this  kind,  is  lined  with  a coat  of  maftic  of  a peculiar 
compofition. 

Canal  more  particularly  denotes  a kind  of  artifi- 
cial river,  often  furnlfhed  with  locks  and  fluices,  and 
fuftained  by  banks  or  mounds.  They  are  contrived  for 
divers  purpofes  ; fome  for  forming  a communication 
between  one  place  and  another  ; as  the  Canals  between 
Bruges  and  Ghent,  or  between  Bruflels  and  Antwerp  ; 
Others  for  the  decoration  of  a garden,  or  houfe  of  plea- 
fure  ; as  the  Canals  of  Verfailles,  Fontainbleau,  St. 
James’s  Park,  SiC  : And  others  are  made  for  draining 
wet  and  marfhy  lands;  which  la  ft  however  are  more 
properly  called  water-gangs,  drains,  ditches,  &c. 

It  Is  needlefs  to  enumerate  the  many  advantages 
arifing  from  Canals  and  artificial  navigations.  Their 
utility  Is  now  fo  apparent,  that  moft  nations  in  Europe 
give  the  higheft  encouragement  to  undertakings  of  this 
kind  wherever  they  are  prailicable.  Nor  did  rheir  ad- 
vantages efcape  the  obfervation  of  the  Ancients.  From 
the  earlieft  accounts  of  fociety  we  read  of  attempts  to 
cut  through  large  ifthmufes,  to  make  communications  by 
water,  either  between  one  fea  and  another,  or  between 
different  nations,  or  diftant  parts  of  the  fame  nation, 
■^'herc  land-carriage  was  long  and  expen  five. 

Egypt  is  full  of  Canals,  dug  to  receive  and  diftribiite 
•the  waters  of  the  Nile,  at  the  time  of  its  inundation. 
They  are  dry  the  reft  of  the  year,  except  the  Catial  of 
Jofepli,  and  four  or  five  others,  which  may  be  ranked 
-as  confiderable  rivers.  Th^e  .were  alfo  fubterraneous 
Canals,  or  tunnels,  dug  by  an  ancient  king  of  Egypt, 
by  which  thofe  lak-es,  formed  by  the  inundations  of  the 
Nile,  yvere  conveyedinto  the  Mediterranean  fea. 


, can’ 

Herodotus  relates,  that  the  Cnidians,  a people  of 
Coria,  in  Afia  Minor,  defigned  to  cut  through  the 
ifthmus  wdilch  joins  that  peninfula  to  the  continent ; 
but  were  fuperftitious  enough  to  give  up  the  under- 
taking, becaufe  it  was  interdidled  by  an  oracle. 

Seveial  kings  of  Egypt  attempted  to  join  the  Red- 
Sea  to  the  Mediterranean  ; a projedl  which  Cleopatra 
w'as  very  fond  of.  This  Canal  was  begun,  according  to 
Herodotus,  by  Necus  fon  of  Pfammeticus,  wFo  defiftecl 
from  the  attempt  on  an  anfwer  from  the  oracle,  after 
having  loft  1 20  thoufand  men  in  the  enterprife.  It  w^as 
refiimed  and  completed  by  Darius  fon  of  Hyftafpes,  or, 
according  to  Diodorus  and  Strabo,  by  Ptolomy  Phil- 
adelphus ; who  relate  that  Darius  relinquifhed  the 
work  on  a reprefentation  made  to  him  by  unfldlful  en- 
gineers, that  the  Red-Sea,  being  higher  than  the  land 
of  Egypt,  would  overflow  and  drown  the  wFole  coun- 
try. It  was  wide  enough  for  two  galleys  to  pafs  abreaft, 
and  its  length  was  four  days  failing.  Diodorus  adds, 
that  it  was  alfo  called  Ptolomy’s  river  ; that  this  prince 
built  a city  at  its  mouth  on  the  Red-Sea,  which  he 
called  i^rfinoe,  from  the  name  of  his  favourite  lifter ; 
and  that  the  Canal  might  be  either  opened  or  fhut,  as 
occalion  required.  Diod.  Sic.  lib.  i ; Strabo,  Geog. 
lib.  17;  Herod,  lib.  2.  Soliman  the  2d,  emperor  of 
the  Turks,  employed  50  thoufand  men  in  this  great 
work  ; which  was  completed  u-fyder  the  caliphate  of 
Omar,  about  the  year  633  ; but  was  afterward  allowed 
to  fall  into  negleA  and  difrepair  ; fo  that  it  is  now  dif- 
ficult to  difeover  any  traces  of  it.  Hift.  Acad.  Scienc.. 
ann.  1703,  pa.  1 10. 

Both  the  Greeks  and  Romans  Intended  to  make  a 
Canal  acrofs  the  Ifthmus  of  Corinth,  which  joins  the 
Morea  and  Achaia,  for  a navigable  paffage  by  the 
Ionian  fea  into  the  Archipelago.  Demetrius,  Julius 
Cnefar,  Caligula,  and  Nero,  made  feveral  nnfuccefsful 
efforts  to  open  this  pafiage.  But  as  the  Ancients  were 
entirely  ignorant  of  the  ufe  of  watei'-Iocks,  their  whole 

attention 
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attention  was  employed  in  making  level  cuts,  which  is 
probably  the  chief  reafon  why  they  fo  often  failed  in 
their  attempts.  Charlemagne  formed  a dclign  of  join- 
ing the  Rhine  and  the  Danube,  to  make  a communica- 
tion between  the  Ocean  and  the  Black-Sea,  by  a Canal 
irom  the  river  Almutz  which  difeharges  itfelf  into  the 
Danube,  to  the  Reditz,  which  falls  into  the  Maine, 
which  laid  falls  into  the  Rhine  near  Mayence  or  Mentz  : 
for  this  purpofe  he  employed  a prodigious  number  of 
workmen  ; but  he  met  with  fo  many  obftacles  from  dif- 
ferent quarters,  that  he  was  obliged  to  give  up  the  at- 
tempt. 

A new  Canal  for  conveying  the  waters  of  the  Nile 
from  Ethiopia  into  the  Red-Sea  without  pafiing  into 
Egypt,  was  projedted  by  Albuquerque,  viceroy  of  In- 
dia for  the  Portuguefe,  to  render  Egypt  barren  and 
unprofitable  to  the  Turks. — M.  Gaildercau  attributes 
the  frequency  of  the  plague  in  Egypt,  of  late  days,  to 
the  decay,  or  flopping  up  of  thefe  Canals  ; which  hap. 
pened  upon  the  Turks  becoming  mailers  of  the  coun- 
try. 

In  China,  there  is  fcarce  a town  or  village  without 
tlie  advantage  either  of  an  arm  of  the  fca,  a navigable 
river,  or  a Canal,  by  which  means  navigation  is  ren- 
dered lo  common,  that  there  arc  almofl  as  many  people 
on  the  water  }>'s  the  land.  The  great  Canal  of  Cliina, 
is  one  ot  the  wonders  of  art,  extending  from  north  to 
fonth  quite  acrofs  the  empire,  from  i\ kin  to  Canton,  a 
diflance  of  825  miles,  and  was  made  upwaids  of  800 
years  ago.  Its  breadth  and  depth  arc  fufficient  to  carry 
barks  of  confiderable  burden,  which  are  managed  by 
fails  and  malls,  as  well  as  -owed  by  hand.  On  this 
Canal  it  feems  the  eraperm  mploys  near  ten  thoufand 
fhips.  It  pafTes  through,  or  by,  41  large  cities  ; there 
are  in  it  75  vafl  locks  and  fluices,  to  Keep  up  the  wa- 
ter, and  pafs  the  fhips  where  the  ground  will  not  admit 
of  fufficient  depth  of  channel,  befide  leveral  thoufand 
draw  and  other  bridges.  Indeed,  F.  Magaillane  affures 
us,  there  are  paffages  from  one  ( ud  of  China  to  the 
other,  the  fpace  of  600  French  leagues,  either  by  Ca- 
nals or  rivers,  except  a fingle  day’s  journey  by  land,  ne- 
ceffary  to  crols  a mountain. 

ITe  French  at  pvefent  have  many  fine  Canals.  That 
of  Briere,  otherwife  called  the  Canal  of  Burgundy,  w'as 
begun  under  Henry  IV,  and  fiuifhed  under  me  di- 
rection of  cardinal  Richelieu  in  liie  reign  o'  Tonis 
XIII.  This  Canal  makes  a communication  btuv.een 
the  Loire  and  the  Seine,  and  foto  Paris.  It  extends  1 1 
French  great  leagues  from  Briere  to  Montargis,  and 
has  42  locks  upon  it. 

The  Canal  of  Orleans  was  begun  in  1675,  for  ef- 
tablilhing  a coiumunication  alfo  between  the  Seine  and 
tlie  Loire,  jc  is  confiderably  fhorter  than  that  of 
Briere,  and  has  only  20  fluices. 

The  C.'.nal  of  Bourbon  was  but  lately  undertaken  : 
its  defign  is  to  make  a communication  from  the  river 
Oife  to  Paris. 

But  the  greatefl  and  mofl  ufeful  wmrk  of  this  kind, 
is  the  jundlion  of  the  Ocean  with  tlie  Mediterranean  by 
the  Canal  of  Languedoc,  called  abb  the  Canal  of  the 
two  feas.  It  was  propofed  in  the  reigns  of  Fran- 
cis I and  ITenry  IV,  and  was  begun  and  fmiflied 
under  Louis  XIV  ; having  been  planned  by  Fran- 
cis Riquet  in  the  year  1666,  and  finifhed  before  his 


death,  which  happened  in  r68o.  It  begins  with  a 
large  refervoir  4000  paces  in  circumference,  and  24 
feet  deep,  which  receives  many  fprings  from  the  moun- 
tain Noire.  The  Canal  is  about  200  miles  in  length, 
extending  from  Narbonue  to  Tholoufe,  being  fupplied 
by  a number  of  rivulets  in  the  way,  and  furniflied  with 
1 04  locks  or  fluices,  of  about  8 feet  rife  each.  In  forae 
places  it  is  carried  over  bridges  and  aquedu6ls  of  vafl 
height,  which  give  pafl'age  underneath  to  other  ri- 
vers ; and  in  feme  places  it  is  cut  through  folid  rocks 
for  a mile  together. 

The  new  Canal  of  the  lake  Ladoga,  cut  from  Vol- 
howa  to  the  Neva,  by  which  a communication  is  made 
between  the  Baltic,  or  rather  Ocean,  and  the  Cafpian 
fea,  was  begun  by  the  czar  Peter  the  ifl  in  1719  : by 
means  of  which  the  F.ngllfli  and  Dutch  merchandize  is 
eafily  conveyed  into  Petlia,  without  being  obliged  to 
double  the  Cape  of  Good  Hope. — There  was  a forme r 
Canal  of  communication  between  the  Ladoga  lake  and 
the  river  Wolga,  by  which  timber  and  other  goods  had 
been  brought  from  Perfia  to  Peterfburg  ; but  the  navi- 
gation of  it  was  fo  dangerous,  that  a new  one  was  un- 
dertaken. 


The  Spaniards  have  feveral  times  had  in  view  the 
trigging  a Canal  through  the  Iilhmus  of  Darien,  be- 
tween North  and  South  America,  from  Panama  to 
Nombre  dc  Dios,  to  make  a ready  communication  be- 
tween the  Atlantic  and  the  South  Sea,  and  thus  afford 
a flraight  paffage  to  China  and  the  Ead  Indies. 

In  the  Dutch,  Auflrian,  and  French  Netherlands, 
there  is  a great  number  of  Canals  : that  from  Bruges  to 
Ollend  carries  veflels  of  200  tons.  But  it  would  be  an 
endlefs  tafk  to  deferibe  the  niimberlefs  Canals  in  Holland, 
Germany,  Ruflia,  See,  We  may  therefore  only' take 
a view  of  thofe  in  our  own  country. 

In  England,  that  ancient  Canal  from  the  river  Nyne, 
a little  below  Peterborough,  to  the  river  Witham,  three 
miles  below  Lincoln  ; called  by  the  modern  inhabitants 
Caerdike  ; may  be  ranked  among  the  monuments  of 
the  Roman  grandeur,  though  it  is  now  moll  of  it  filled 
up.  Morton  will  have  it  made  under  the  emperor  Do- 
mitian.  Urns  and  medals  have  been  difeovered  on  the 
banks  of  this  Canal,  which  feem  to  confirm  that  opi- 
nion. Yet  forae  authors  take  it  to  be  a Danifh  work. 
It  was  40  miles  in  length  ; and,  fo  far  as  appears  from 
the  ruins,  mull  have  been  very  broad  and  deep.  Not- 
withilanding  that  early  beginning,  it  is  not  long  fince 
Canals  have  been  revived  in  this  country.  They  are  now 
however  become  very  numerous,  particularly  in  the 
counties  of  York,  Ijincoln,  and  Chelbii  e.  Mofl  of  tlie 
counties  between  the  mouth  of  the  Thames  and  the 
Briltol  channel  are  connefled  together  either  by  natural 
or  artificial  navigations  ; thofe  upon  the  Thames  and 
Ills  reaching  within  about  zo  miles  of  thofe  upon  the 
Severn. 

The  Canal  for  fuppTying  London  with  water  by 
means  of  the  New  River,  was  projedted  and  begun  by 
Mr.  Edward  Wright,  author  of  the  celebrated  treatife 
on  Navigation,  about  the  year  1608  ; but  finiflied  by 
Mr.  (afterwards  Sir  Hugh)  Middleton,  five  years  after. 
This  Canal  commences  near  Ware,  in  Hertfordfhire, 
and  takes  a courfe  of  60  miles  before  it  reaches  the  ciL 
tern  at  lUIngton,  which  fupplies  the  ft  veral  water-pipes 
that  convey  it  to  the  city  and  parts  adjacent,  In  feme 
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, Tjlacee  it  is  30  feet  deep,  and  in  otliers  it  is  conveye^ 
over  a valley  between  two  hills,  by  means  of  a trough 
fupported  on  wooden  arches,  and  nlmg  above  23  teet  m 

The  Duke  of  Bridgwater’s  Canal,  projefled  and 
executed  under  the  direaion  of  Mr.  Brmdley,  was  be- 
gun about  the  year  17  59- 

for  conveying  coals  to  Manchefter,  from  a mme  m he 
duke’s  ellate  ; but  has  fmee  been  applied  tp  many  other 
ufeful  purpofes  of  inland  navigation.  This  Canal  be- 
gins at  a place  called  Woi-ney-mill,  about  7 mi  es  Irom 
Manchefter,  where  a bafoii  is  made  capaole  of  holding  all 
the  boats,  and  a great  body  of  water  which  ferves  as  a re- 
fervoir  or  head  to  the  navigation.  The  Canal  runs  thi  ough 
a hill  by  a fubterraneous  paffage,  large  enough  for  aa- 
mittincr  long  flat-bottomed  boats,  which  .are  towed  by 
a rail  on  each  hand,  near  three  quarters  of  a mne,  to 
the  coal-works.  There  the  paffage  divides  into  two 
-channels,  one  of  which  goes  off  300  yards  to  the  right, 

and  the  other  as  many  to  the  left ; and  both  may  be 
continued  at  pleafure.  The  paffage  is  in  fome  places 
cut  through  the  folid  rock,  and  in  others  arched  over 
with  brick  ; and  air-funnels,  fome  of  which  are  near  37 
wards  perpendicular,  are  ciit,at  certain  diftances,  through 
ilie  rock  to  the  top  of  the  hill  The  arch  at  its  entrance 
is  about  6 feet  wide,  and  about  5 feet  high  from  the 
furface  of  the  water ; but  widens  within,  io  that  in 
fome  places  the  boats  may  pafs  one  another,  and  at  the 
nits  it  is  IO  feet  wide.  When  the  boats  are  loaded  and 
brought  out  of  the  bafon,  five  or  fix  of  them  are 
together,  and  drawn  along  the  Canal  by  a fingle  horfe, 
and  thus  reaching  Manchefier  in  a courfe  of  nine  miles. 
It  is  broad  enough  for  two  barges  to  pafs  or  go  abreait  ; 
and  on  one  fide  there  is  a good  road  for  the  paffage  ot  the 
people,  and  the  horfes  or  mules  employed  in  the  work. 
The  Canal  Is  raifed  over  public  roads  by  means  ot 
arches  ; and  it  paffes  over  the  navigable  river  Irwe  11  near 
CO  feet  above  It ; fo  that  large  veffels  in  full  fail  pals 
linden  the  Canal,  while  the  duke’s  barges  are  at  the 
fame  time  paffing  over  them.  This  Canal  joins  that 
which  paffes  from  the  river  Merfey  towards  the  i rent, 

taking  in  the  whole  a courfe  of  3 4 

The  Lancafter  Canal  begins  near  Kendal,  and  termi- 
nates near  Ecclefton,  comprehending  the  diftance  or 

^2*"  miles*  • 

^ 'idle  Canal  from  Liverpool  to  Leeds  is  io8|  miles  : 

that  from  Leeds  to  Selby,  23I  miles  ; from  Chichef- 
ter  to  Middlewich,  26I  miles;  from  the  1 rent  to  the 
Merfey,  88  miles ; from  the  Trent  to  the  Severn, 
46^  miles.  The  Birmingham  Canal  joins  this  near  Wol- 
veriiampton,  and  Is  24 J miles  : the  Droitwich  Canal  is 
ci  miles  ; the  Coventry  Canal,  commencing  near 
Lmhfield,  and  joining  that  ofthe  Trent,  is  36^  mi  es  : 
the  Oxford  Canal  breaks  off  from  this,  and  is  82  rniles  : 
the  Chefttrfield  Canal  joins  the  Trent  near  Gainibo- 

Tough,  and  Is  44  miles.  r 1 • 

A communication  is  now  formed,  by  means  ot  this 

inland  navigation,  between  Kendal  and  London,  by 
way  of  Oxford  between  Liverpool  and  Hml,  ky  the 
way  of  Leeds  ; and  betvyeen  the  Brilldl  channel  and  the 
Humber,  by  the  jundlion.  formed  between  the  1 rent 
and  the  Severn.  Other  fchemes  have  been  projefted, 
which  the  prefent  fpirit  of  Improvement  will  ptobably 
foon  carry  into  execution,  of  opening  a communication 


between  the  German  andlrinii  feas,  fo  as  to  reduce  aha» 
zardoiis  navigation  of  more  than  800  miles  by  fea,  into 
a little  more  than  150  miles  by  land,  or  Inland  naviga« 
tion  ; and  alio  of  joining  the  Ifis  with  the  oevein. 

Ill  Scotland,  a ‘'navigable  Canal  between  the  Fo-tli 
and  Clyde,  which  divides  that  country  into  two  parts, 
was  thought  of  more  than  a centiuy  fince,  foi  tianf- 
ports  and  fmaii  fliips  of  war.  It  was  again  pr(4c64ed  in 
the  year  1722,  and  a furvey  made  ; but  nothing  more 
was  done  till  1761,  when  the  then  lord  .Napier,  at  his 
own  expence,  had  a furvey,  plan,  and  eftimate  nihde  on 
a fmaii  fcale.  In  1764,  the  truftees  for  fifherles,  &c, 
in  Scotland,  procured  aiiotner  furvey,  plan,  and  elli- 
mate  of  a Canal  3 feet  deep,  which  was  to  coil  79,000 
pounds.  In  1766,  a fubfeription  was  obtained  by  a 
muTiber  of  the  moil  refpedtable  merchants  in  Giafgow, 
for  making  a Canal  4 fc^t  deep  and  24  feet  in  bieadth ; 
but  when  the  bill  u'as  nearly  obtained  m paiiiament,  it 
was  given  up  on  account  oi  the  foiallnels  oi  the  fcale, 
and  a new  fubfeription  fet  on  foot  lor  a Canal  7 
feet  deep,  eftimated  at  150,000  pounds.  This  obtained 
the  iandfion  of  parliament  ; and  the  work  vvas  begun  in 
1768,  by  Mr;  Smeaton  the  engineer.  The  extreme 
length  of  the  Canal  from  the  horth  to  the  Clyde  Is  35 
miles,  beginning  at  the  mouth  of  the  Carron,  and  end- 
ing at  Dalmure  Burnfoot  on  the  Clyde,- 6 miles  below 
Giafgow,  fifing  and  falling- t6o  feet  by  means  of  39 
locks,  20  on  the  eail  fide  of  the  fummit,  and  19  on 
the  iveff,  as  the  tide  does  not  ebb  fo  low  in  the  Clyde 
as  in  the  Forth  by  9 feet  ; and  it  was  deepened  to  up- 
wards of  8 feet.  This  Canal  was  finilhed  a few  years 
fince,  after  having  experienced  fome  Interruptions  and 
delays,  for  want  of  refources,  and  isefteemedthe  great- 
eft  work  of  the  kind  In  this  ifland.  Veffels  drawing  8 
feet  water,  with  19  feet  in  the  beam  and  73  jj} 
length,  pafs  with  eafe  ; and  the  whole  enterprife  dif- 
plays  the  art  of  man  In  a high  degree.  To  fupply  the 
Canal  with  water  was  of  itfelf  a very  great  work. 
There  is  one  refervoir  of  50  acres  24  feet  deep,  and 
another  of  70  acres  22  feet  deep,  in  which  many  rivers 
and  fprings  terminate,  which  it  is  expedled  will  afford 
fufticlent  fupply  of  water  at  all  times. 

7‘he  Pradice  of  Canal  Digging  and  Inland  Navigations* 

The  particular  operations  neceffary  for  making  arti- 
ficial navigations,  depend  upon  a number  of  ciicum- 
ftances.  The  fitiiation  of  the  ground  ; the  vicinity  or 
conneaion  with  rivers  ; the  eafe  or  difficulty  with  which 
a proper  quantity  of  water  can  be  obtained  : thefe  and 
many  other  circumilances  ncceffarily  produce  great  \a~ 
rietyin  the  ftruaure  of  artificial  navigations,  and  aug- 
ment or  dlminlfii  the  labour  and  expence  of  executing 
them.  When  the  ground  is  naturally  level,  and  uncon- 
nefted  with  rivers,  the  execution  is  eafy,  and  the  navi- 
gation is  not  liable  to  be  difturbed  by  floods : but  when 
the  ground  rifes  and  falls,  and  cannot  be  1 educed 
level,  artificial  methods  of  ralfing  and  lowering  vefiels 
muft  be  employed  ; which  likewife  vary  according  to 

circumflances.  ^ .. 

- Sometimes  a kind  of  temporary  ftulces  are  employ- 
ed, to  raife  boats  over  falls  or  ftioals  in  rivers,  by  a veiy 
fimple  operation.  Two  pillars  of  mafon-w'oik,  witi 

■grooves,  are  fixed,  one  on  each  bank  of  the  liver,  at 
^ ' fome 
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Tome  diftance  below  the  flioal.  The  boa^  having  palTed 
thefe  pillars,  drong  planks  are  let  down  acrofs  the  river 
by  pulleys  into  the  grooves  ; by  which  means  the  water 
is  dammed  up  to  a proper  height  for  allowing  the  boat  to 
pafs  up  the  river  over  the  fhoal. 

The  Dutch  and  Flemings  at  this  day  fometimes, 
when  obftrudted  by  cafcades,  form  an  Inclined  plane  or 
rolling-bridge  upon  dry  land,  along  which  their  vefl'els 
are  drawn  from  the  river  below  the  calcade,  into  the  ri- 
ver above  it.  This  it  is  faid  was  the  only  method  em- 
ployed by  the  Ancients,  and  frill  iometimes  ufed  by  the 
Chinefe.  Thefe  rolliiiof-bridtjes  conlill  of  a number  of 
cylindrical  rollers  which  turn  cafily  on  pivots.  And  a 
mill  is  commonly  built  near  ; fo  that  the  tame  machinery 
may  ferve  the  double  purpofe  of  working  the  mill  and 
drawing  up  velTels. 

But  in  the  prefent  improved  date  of  inland  naviga- 
-tlon,  thefe  falls  and  flioals  are  commonly  furmounted 
by  means  of  what  are  called  locks  or  fluices.  A lock 
is  a bafon  placed  lengthwife  in  a river  or  Canal,  lined 
with  walls  qf  mafonry  on  each  fide,  and  terminated  by 
two  gates  placed  acrofs  the  Canal,  where  there  is  a 
■cafeade  or  natural  fall  of  the  country  ; and  fo  condrudt- 
ed,  that  the  balon  being  filled  with  water  by  an  upper 
fluice  to  the  level  of  the  waters  above,  a vedel  may 
afceiid  through  the  upper  gate  ; or  the  water  in  the 
lock  being  reduced  to  the  level  of  the  water  at  the  bot- 
tom of  the  cafeade,  the  veflel  may  dclcend  through  the 
lower  gate  : for  when  the  waters  are  brought  to  a level 
on  either  fide,  the  gate  on  that  fide  may  be  ealily 
opened. 

But  as  the  lower  gate  is  drained  in  proportion  to  tire 
depth  of  water  it  fiipports,  wdien  the  perpendicular 
height  of  the  water  exceeds  i 2 or  13  feet,  it  becomes 
neceffary  to  have  more  locks  than  one.  Thus,  if  the  fall 
be  16  feet,  two  locks  arc  required,  each  of  8 feet  fall; 
and  if  the  fall  be  25  feet,  three  locks  are  neceifary,  each 
having  8 feet  4 inches  fall. — It  is  evident  that  the  fide- 
walls  of  locks  Ihould  be  made  very  drong:  and  where 
the  natural  foundation  is  bad,  they  fliould  be  founded 
on  piles  and  platforms  of  wood.  They  fliould  likewilc 
dope  outwards,  in  order  to  refid  the  prefTurc  of  the  earth 
from  behind. 

To  illudrate  this  by  reprefentations  : Plate  37,  fig.  i, 
is  a perfpective'view  of  part  of  a Canal,  with  fever  al 
locks  See  ; the  vedel  L being  within  the  lock  AC.y— 
Fig.  2 is  an  elevation* or  upright  fedlion  along  the  Ca- 
nal ; the  vedel  L about  to  enter. — Fig.  3,  a like  fac- 
tion of  a lock  full  of  water  ; the  vedel  L»  being  raifed  to 
-a  level  with'  the  water  in  the  fupenor  Canal.- — And 
fig.  4 is  the  plan  or  ground  fedlron  of  a lock  : where  L 
is  a vedel  in  the  inferior  Canal ; C,  the  under  gate  ; A, 
the  upper  gate  ; GFI,  a fubterrancous  padage  for  let- 
ting water  from  tire  fupenor  Canal  run  rnto  the  lock; 
and  KF,  a fubierr-aneouS  padage  for  water  from  the 
lock  to  the  inferior  Canal. 

X and  Y (fig.  i)  are  the  two  flood-gates,  each  of 
which  con  fids  of  two  leaves,  relilirg  upon  one  another, 
fo  as  to  form  an  obtufe  angle,  the  better  to  refill  the 
preflui^e  of  the  water.  The  find  (X)  prevents  the  wa- 
ter of  the  fuperior  Canal  from  falling  into  the  lock  ; and 
the  fecond  (Y)  dams  up  and  fudains  the  water  in  the 
lock.  Thefe  flood-gates  ought  to  be  very  drong,  and 
to  turn  freely  upon  their  hinges.  They  fliould  alfo  be 
VoL.  II. 


made  very  tight  and  clofe,  that  as  little  water  as  poffiUe 
may  be- loll.  And,  to  make  them  open  and  flmt  with 
cafe,  each  leaf  is  furniflied  with  a long  lever  A^,  Ai^ ; 
Ci'.  CA 

By  the  fubterrancous  padlige  GFI  (fig.  2,  3,  4)  which 
defeends  obliquely,  by  opening  the  fluice  G,  the  water 
is  let  down  from  the  fuperior  Canal  D into  the  lock, 
where  it  is  flopped  and  retained  by  the  gate  C when  (hut, 
till  the  water  111  the  lock  comes  to  be  on  a level  with  the 
water  in  the  fuperior  Canal D ; as  reprefentcd  in  fig.  3. 
When,  on  the  other  hand,  the  water  contained  by  the 
lock  Is  to  be  let  out,  the  padage  GH  mud  be  fhut,  by 
letting  down  the  fluice  G;  the  gate  A mud  alfo  be 
fhut,  and  tire  padage  KF  opened  by  raifing  the  fluice 
K.  A free  padage  being  thus  given  to  the  w^ater*,  it 
defeends  through  KF,  into  the  Inferior  Canal,  until 
the  ivater  in  tiie  lock  be  on  a level  with  the  water  in  the 
inferior  Canal  B ; as  reprcfented  in  fig.  2. 

Now  fuppofe  it  be  required  to  raife  the  vedel  1^ 
(fig.  2)  from  the  inferior  Canal  B to  the  fuperior  one  D, 
If  the  lock  be  full  of  water,  the  fluice  G mud  be  fliut, 
as  alfo  the  gate  A,  and  the  fluice  K opened,  fo  that 
the  water  In  the  lock  may  run  out  till  it  become  to  a le- 
vel with  the  water  in  the  inferior  Canal  B.  When  the 
water  in  the  lock  comes  to  be  on  a level  with  the  water 
at  B,  the  leaves  of  the  gate  C are  opened  by  the  levers 
CG  which  is  eafily  performed,  the  water  on  each  fide  of 
the  being  In  cquilibrio  ; the  vedel  then  fads  into 
the  lock.  After  this,  the  gate  C and  the  fluice  K are 
flint,  and  the  fluice  G opened,  in  order  to  fill  the  lock, 
till  the  v/ater  in  the  lock,  and  confcqucntly  the  vedel,  be 
upon  a level  with  the  water  in  the  fuperior  Canal  D ; as 
is  reprefented  in  fig.  3*  Tlie  gate  A is  then  opened, 
and  the  vedel  pades  Into  the  Canal  D. 

Again  let  it  be  required  to  make  a vedel  defeend 
from  the  Canal  D into  the  inferior  Canal  B.  If  the 
lock  be  empty,  as  in  fig.  2,  the  gate  C and  fluice  K 
mud  be  fliut,  and  the  upper  fluice  G opened,  fo  that 
the  water  in  the  lock  may  rife  to  a level  with  the  water 
in  the  upper  Canal  D.  Then,  opening  the  gate  A,  tlie 
vcfl'el  will  pafs  through  into  the  lock.  This  done,  fliut 
the  gate  A and  the  "fluice  G ; then  open  the  fluice  “K, 
till  the  water  in  the  lock  he  on  a level  with  the  water  in 
the  inferior  Canal ; this  done,  the  gate  C is  opened,  and 
the  vedel  pades  along  iiU^b  the  Canal  B,  as  was  re- 
quired. 

CxYTFNARY.  Liim  a.,  for  ACB  read  BAC.— 
1.  6,  for  A and  B read  C and  B.  Jfier  which  add,  It 
Is  otherwife  called  the  hlaf'c  Carve. 

CHALDRON.  Tune  for  2000  pounds,  read 
28  cwt.  or  3136  pounds,  yjf  the  end  add,  By  act.  of 
parliament,  a Newcallle  Chaldron  is  to  weigh  52^  cwt, 
or  3 waggons  of  cwt,  or  6 carts  of  8^  cwt  each,- 
ma'king  52-^  cwt  to  the  Cfi‘ildron.  Ihe  fla'.utc  Ihon- 
don  Chalflr  n Is  to  confid  of  36  bufliels  heaped  up, 
each  bulhel  to  contain  a Wincheder  budie!  and  one 
quart,  and  to  be  iqi  inches  diametercxternally.  Now 
it  has  been  found  by  repeated  trials,  that  I 3 London 
Chaldrons  are  equal  to  8 Ncvvcafllc  Chaldrons,  which, 
reckoning  cwt  to  the  latter,  gives  28  cwt  to  the 
former,  or  313^  lbs  to  the  London  Chaldron. 

This  I find  nearly  confirmed  by  experiment.  T 
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xve:ghe(]  one  peck  of  Coals,  uliicli  amounted  to  2i|-lb. 
Then  4 times  this  gives  871b  for  the  weiglit  of  the 
huibel  ; and  36  times  the  biifhel  gives  3 $32  lb  for  the 
Chaldron  ; to  which  if  the  weight  of  the  odd  quart  be 
added,  or  3 lb  nearly,  it  gives  3 1 35  Ib  for  the  weight 
of  the  Chaldron,  which  is  only  one  pound  lefs  than  by 
ftatutc. 

Pa.  287,  col.  2,  I.  20,  for  YX  — ^ — .r,  ' read 
\ A — a — 

CIRCLE  of  Curvature*  To  what  is  faid  of  this  ar- 
ticle in  the  Dictionary,  may  be  added  what  follows. 

A circular  areas  the  only  curve  line  that  is  equally 
ciarved  in  every  point.  In  all  other  curve  lines,  fuch  as 
the  arc  of  an  ellipfe,  or  a parabola,  or  an  hyperbola,  or 
a cycloid,  the  curvature  is  different  in  different  points, 
aid  the  degree  of  curvature  in  any  point  is  eftimatedby 
t!ie  curvature  of  a Circle  which  is  faid  to  have  the  fame 
curvature  as  the  propofed  curve  line  in  that  point ; bv 
winch  IS  underllooci  the  Circle  which,  having  the  tan- 
gent of  the  propofed  curve  in  the  faid  point  for  its  tan- 
gent, approaches  fo  nearly  to  the  propofed  curve  that 
no  other  Circle  whatever  can  be  drawn  between  it  and 
that  curve. 

T.  nis  Circle  is  alfo  faid  to  ofculate  the  curve  in  the  faid 
point,  and  is  therefore  often  called  the  ofculaiwg  Circle^ 
as  well  as  the  Circle  of  equal  curvature  wulh  the  curve  in 
the  faid  point.  And  the  radius  of  this  Circle  is  called 
the  radius  of  curvature  of  the  propofed  curve  in  the 
faid  point ; alfo  its  centre  is  called  the  centre  of  curva- 
iure. 

Now  there  are  fome  curve  lines  fo  very  highly  curved 
in  Tome  particular  points,  that  every  Circle,  of  how 
imall  a radius  foever,  having  the  tangent  to  the  curve  in 
one  of  thofe  points  for  its  tangent,  will  pafs  without 
the  curve,  or  between  the  curve  and  its  tangent.  This, 
for  example,  is  the  cafe  with  the  curve  of  a cycloid  in 
the  two  points  contiguous  to  its  bafe,  as  alfo  with  the 
ciffoid  at  its  vertex.  And  in  fuch  points  the  curvature 
of  thefc  curves  is  faid  to  be  inf  nlte^  becaufe  it  is  greater 
than  the  curvature  of  any  Circle,  how  fmall  foever. 
Aifo  the  radius  of  the  Circle  of  curvature  in  fuch  points 
IS  nothing  ; the  length  of  that  radius  being  always  in- 
verfcly  or  reciprocally  as  the  degree  of  curvature  at 
any  point. 

The  theory  of  thefe  Circles  of  equal  curvature  with 
curves  in  pm-ticiilar  points  was  hrft  cultivated  by  Apol- 
lonius in  his  Conic  Sedlions  : and  it  has  fince  been 
carried  much  farther  by  feveral  great  mathematicians  of 
modern  times  ; particularly  by  Mr.  Huygens  in  his  doc- 
trine of  Evolute  Curves  and  Curves  of  Evolution,  and  by 
the  great  Sir  Ifaac  Newton.  See  Curvature. 

CLARKE  (Dr.  Samuel),  a celebrated  Englilh 
divine,  philofopher,  and  metaphyfician,  was  the  fon  of 
Edward  Clarke,  Efq.  alderman  of  Norwich,  and  for 
feveral  years  one  of  its  reprefentatives  in  parliament  ; 
and  was  Dorn  the^e  the  i ith  of  Odlober  1673.  He  was 
inftrudtea  in  cmffical  learning  at  the  free-fehool  of  that 
town  ^ ano  in  i6qi  removed  tiiencc  to  Cams  college  in 
Cambridge  : where  his  uncommon  abilities  foon  began 
to  difplay  thcmfelves.  Though  the  philofopliy  of  Des 
Cartes  was  at  that  time  tlie  cllablilhcd  pbilofophy  of  the 
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unlverfity,  yet  Clarke  eafily  madered  the  new  fyflem  of 
Nev/ton  ; and  in  order  to  his  fird  degree  of  arts,  per- 
formed a public  exercife  in  the  fchools  upon  a quedion 
taken  from  it.  He  greatly  contributed  to  the  effablidi- 
ment  of  the  Newtonian  philofophy  by  an  excellent  tranf- 
lation  of  Rohault’s  Phyfics,  with  notes,  which  he  finidi- 
ed  before  he  was  22  years  of  age  : a book  which  had 
been  for  fome  time  the  fyftem  ufed  in  the  univerfity, 
and  founded  upon  Cartefian  principles.  This  was  firft 
publifhed  in  the  year  1697,  and  it  foon  after  went 
through  feveral  other  editions,  all  with  improvements. 

Mr.  Whidon  relates  that,iiu  that  year,  1697,  while  he 
was  chaplain  to  Dr.  Moore  bifhop  of  Norwich,  he  met 
with  young  Clarke,  then  wTolly  unknown  to  him,  at  a 
coffee-hoLiie  in  that  city  ; where  they  entered  into  a 
converfation  about  the  Cartefian  philofophy,  particu- 
larly Rohault’s  Phyfics,  which  Clarke’s  tutor,  as  he 
tells  us,  had  put  him  upon  tranflating.  “ The  refiilt 
of  this  converfation  was,  fays  Whidon,  that  I was 
greatly  furprifed  that  fo  young  man  as  Clarke  then  was, 
fhould  know  fo  much  of  .thofe  fublime  difeoveries,  which 
were  then  almoll  a fecret  to  all,  but  to  a few  particular 
mathematicians.  Nor  did  I remember  (continues  he) 
above  one  or  two  at  the  mod,  whom  I had  then  met 
with,  that  feemed  to  know  fo  much  of  that  philofophy 
as  Mr.  Clarke.” 

He  afterwards  turned  his  thoughts  to  divinity  ; and 
having  taken  holy  orders,  in  1698  he  fucceeded  Mr. 
Whidon  as  chaplain  to  Dr.  Moore  bifhop  of  Norwich,, 
who  was  ever  after  his  condant  friend  and  patron.  In 
1699  he  publifhed  two  treatifes  : the  one  on  Baptifm, 
Confirmation,  and  Repentance ; the  other,  Rededlions 
on  that  part  of  a book  called  Amyntor,  or  a Defence 
of  Milton’s  Life,  which  relates  to  the  Writings  of  the 
Primitive  Fathers,  and  the  Canon  of  the  New  Teda- 
ment.  In  1701  he  publifhed  A Paraphrafe  upon  the 
Gofpel  of  St.  Matthew  ; which  was  followed  in  1702 
by  the  Paraphrafes  upon  the  Gofpels  of  St.  Mark  and 
St,  Luke,  and  foon  after  by  a third  volume  upon  St.. 
John. 

Mean  while  bifhop  Moore  gave  him  the  rediory  of 
Drayton  near  Norwich,  with  a lebturefhip  in  that  city, 
III  1704  he  was  appointed  to  preach  Boyle’s  ledture 
and  the  fubjedl  he  chofe  was,  The  Being  and  Attri- 
butes of  God.  He  fucceeded  fo  well  in  this,,  and  gave 
fo  much  fatisfadlion,  that  he  was  appointed  to  preach 
the  fame  ledture  the  next  year,  when  he  chofe  for  his 
fubjedf,  The  Evidences  of  Natural  and  Revealed  Reli- 
gion, Thefe  fermonswerc  firff  printed  In  two  volumes^, 
in  1705  and  1706  ; and  contained  fome  remarks  on 
fuch  objections  as  had  been  made  by  Hobbes  and  Spi- 
noza, and  other  oppofers  of  natural  and  revealed  reli- 
gion. In  the  6th  edition  w^as  added,,  A Difeourfe  con- 
cerning the  Connection  of  the  Prophecies  of  the  Old. 
Teflamcnt,  and  the  application  of  them  to  Chriff. 

About  this  time,  Mr.  Whiilon  informs  us,  he  difeo- 
vered  that  Mr.  Clarke  (having  read  much  of  the  primi- 
tive writers)  began  to  fufpeCl  that  the  Athanafian  doc- 
trine of  the  Trinity  was  not  the  doCtrine  of  thofe  early 
ages  ; and  it  was  particularly  remarked  of  him,  that  he 
never  read  the  Athanafian  Creed  at  his  parifh  churcli. 

In  1706  he  publiflied  A Letter  to  Mr.  Dodwell; 
anfwering  all  the  arguments  in  his  epiflolary  difeourfe 
againfl  the  immortality  of  the  foul.  Bifliop  Hoadlcy 
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ohferves,  that  in  this  letter  he  anfvvered  Mr.  Dodwellin 
fo  excellent  a manner,  both  with  regard  to  the  philofo- 
phical  part,  and  to  the  opinions  of  fome  of  the  primitive 
writers,  upon  whom  thefe  do61rines  were  fixed,  that  it 
gave  univerfal  fatisfadtion.  But  this  controverfy  did 
not  fiop  here  ; for  the  celebrated  Mr.  Collins,  coming 
in  as  a fecond  to  Dodwell,  went  much  farther  into  the 
philofophy  of  the  difpute,  and  indeed  feemed  to  pro- 
duce all  that  could  be  faid  againfl;  the  immateriality'  of 
tlie  foul,  as  well  as  the  liberty  of  human  adlions.  Tin’s 
enlarged  the  feene  of  the  dlTpute  ; into  which  our  au- 
thor entered,  and  wrote  with  fuch  a fpirit  of  clcarnefs 
and  demonftration,  as  at  once  fhewed  him  greatly  fupe- 
rior  to  his  adverfaries  in  metaphyfical  and  phyfical 
knowledge  ; making  every  intelligent  reader  rejoice 
that  fuch  an  incident  had  happened  to  provoke  and  ex- 
tort from,  him  fuch  excellent  reafoning  and  perfpicuity 
'of  exprelfion. 

In  theinidft-  of  thefe  labours,  Mr.  Clarke  found  time 
to  {hew  his  regard  to  mathematical  and  philofophical 
lludies,  with  his  exadt  knowledsfe  and  ficill  in  them. 

^ ^ O 

And  his  natural  aft'edlion  and  capacity  for  thefe  fiudies 
were  not  a little  improved  by  the  friendfbip  of  Sir  Ifaac 
Newton  ; at  whofe  requeft  he  tranllated  his  Optics  into 
I.>atin  in  1706.  With  this  verfion  Sir  Ifaac  was  fo 
highly  pleafed,  that  he  prefented  him  with  the  fum  of 
5C0I.  or  lool.  to  each  of  his  five  children. 

The  fame  year  alfo,  bifhop  Moore  procured  for  him 
the  redlory  of  St.  Bennett’s,  Paul’s  Wharf,  in  Lon- 
don ; and  foon  after  carried  him  to  court,  and  recom- 
mended him  to  the  favour  of  queen  Anne.  She  ap- 
pointed him  one  of  her  chaplains  in  ordinary  ; and  alfo 
prefented  him  to  the  redlory  of  St,  James’s,  Weftminfler, 
when  it  became  vacant  in  i 709,  Upon  this  occafion  he 
took  the  degree  of  D.  when  the  public  excrcife 
wliich  he  performed  for  it  at  Cambridge  was  highly  ad- 
mired, 

T’he  fame  year  1709,  Dr.  Clarke  revifed  and  cor- 
redled  Whifion’s  tranfiation  of  the  Apoftolical  Conili- 
tutions  into  Knghfh,  at  his  earnefl  requeft.  In  1712 
he  piiblifned  a moft  beautiful  and  pompous  edition  of 
Cmfar’s  Commentaries.  And  the  fame  year,  his  cele- 
brated book  called,  The  Scripture  Dodlrine  of  the 
Trinity.  WhiiUn  informs  us,  that  fome  time  before 
the  publication  of  this  book,  there  was  a meffage  fent  to 
the  author  by  lord  Godolphin,  and  others  of  queen 
Anne’s  minifters,  Importing,  “ That  the  affairs  of  the 
, public  were  with  difficulty  then  kept  in  the  hands  of 
thofe  that  were  for  liberty  ; that  it  was  therefore  an  un- 
feafonable  time  for  the  publication  of  a book  that  would 
make  a great  noife  and  difturbance  ; and  tliat  therefore 
they  defired  him  to  forbear  till  a fitter  opportunity 
ffiould  offer  itfelf which  meftage,  fays  he,  the  dodtor 
paid  no  regard  to,  but  went  on  according  to  ‘he  dictates 
of  his  own  conlcience  with  the  publication  of  his  book, 
Tl  1C  minifters  however  were  very  right  in  their  conjec- 
tures ; for  the  work  made  noife  and  difturbance  enough, 
and  occafioned  a great  many  books  and  pamphlets, 
written  by  himlelf  and  others.  Nor  were  thefe  the 
whole  that  his  work  occafioned  : it  rendered  theantlior 
obnoxious  to  the  ecclefiaftical  power,  and  his  book  was 
complained  of  by  the  lower  houfc  of  convention.  The 
dodtor  drew  up  a preface,  and  afterwards  gave  in  feve- 


ral  explanations,  which  feemed  to  fatisfy  the  upper 
houfe  ; at  leaft  the  affair  was  not  brought  to  any  ifiue, 
the  members  appearing  delirous  to  prevent  diftenfions 
and  divifions. 

In  171^;  and  1716  he  had  a difpute  with  the  cele- 
brated Leibnitz,  concerning  the  principles  of  natiir'al 
philofophy  and  religion  ; and  a collection  of  the  papers 
which  paffed  between  them,  was  publdhed  iii  lyty* 
This  work  was  addreffed  to  queen  Caroline,  then 
princefs  of  Wales,  who  wa'S  pleafed  to  have  the  con- 
troveiTy  pafs  through  her  hands.  It  related  chiefly  to 
the  fubjeCls  of  liberty  and  neceffity. 

About  the  year  1718.  he  was  prefented  by  the  lord 
Lechmere,  to  the  mafterfhip  of  Wigfton’s  hofpital  in 
Leicefterfbire.  In  1724  and  1725  hepublifhed  i8fer- 
mons,  preached  on  feveral  occafions.  In  1727,  on  the 
death  of  Sir  Kaac  Newton,  he  had  the  offer  of  fucceed- 
ing  him  as  Mafter  of  the  Mint,  a place  worth  from  12 
to  i 5 hundred  a year  : but  to  this  fecular  preferment  he 
could  not  reconcile  himfclf;  and  therefore  abfolutely 
refufed  it. — In  1728  rvas  publifhed,  a Letter  from  Dr. 
Clarke  to  Mr,  Benjamin  Hoadley'",  occafioned  by  tire 
Controverfy  relating  to  the  Proportion  of  Velocity 
and  Force  of  Bodies  in  Motion  ; and  printed  in  the 
Philofophical  Tranfaclions,  num.  401. — In  the  begin- 
ning of  1729  he  pnbliftied  the  firft  12  books  of  Ho- 
mer’s Iliad  : a work  which  bifhop  Hoadley  calls  an  ac- 
curate performance  ; and  his  notes,  a treaiury  of  gram- 
matical and  critical  knowledge.  And  the  fame  year 
came  out,  his  Expofition  of  the  Church  Catechifra, 
and  I o volumes  of  Sermons  : books  fo  well  knowui 
and  fo  generally  approved,  that  they  need  no  recom- 
mendation. But  the  fame  year,  on  Sunday  the  1 ith  of 
May,  going  to  preach  before  the  judges  at  Serjeant’s 
Inn,  he  w’^as  feized  with  a pain  in  his  fide,  wffiich  made  it 
impoffible  for  him  to  perform  his  office.  He  w'as  car- 
ried home  and  continued  under  his  diforder  till  the  17th 
of  the  fame  month,  wdien  he  died,  in  the  54th  y’^ear  of 
his  age,  after  long  enjoying  a vigorous  ftate  of  health, 
having  fcarce  ever  known  fieknefs. 

Three  years  after  the  doctor’s  death,  appeared  the 
other  I 2 books  of  the  Iliad,  publifhed  in  4to  by  his  fun, 
Mr.  Samuel  Clarke,  who  fays  in  the  preface,  that  his 
father  liad  finifned  the  annoratlons  to  the  firft  three  of 
thofe  books,  and  as  far  as  the  359t]i  verfe  of  the  4th  ; 
and  had  revifed  the  text  and  verfion  as  far  as  verfe  510 
of  the  fame  book. 

Dr.  Clarke  married  Catherine,  the  only  daughter  of 
the  Rev.  Mr.  Lockwood,  redfor  of  Little  Miffingham 
in  the  courrty  of  Norfolk,  by  wdiom  he  had  feven  chil- 
dren, four  of  whom  iurvived  him. 

Queen  Caroline  took  great  plea'ure  in  tlie  dodfor’s 
converfation  and  friendihip,  leldotn  mifllng  a week  in 
which  file  did  not  receive  fome  proof  of  the  greatnefsof 
his  genius,  and  the  force  of  his  under  ftanding*  , 

As  to  tlie  charadter  of  Dr.  Clarke,  he  is.  reprefented 
as  pofTeffing  one  of  the  bed  uifpofitions  in  the  world, 
remarkably  humane  and  tender,  free  and  eafy  in  his 
converfation,  cheerful  and  even  playful  in  his  maniicr. 
BiPnop  Hate  fays  of  him,  “ He  was  a man  wdio  had  all 
the  good  qualities  that  could  meet  togellie-r  tq  recom- 
mend him.  He  was  poft'efi’ed  of  all  the  parts  of  learn- 
ing that  are  valuable  in  a clergy  man,  in  a degree  that 
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few  polTefs  any  fingle  one.  He  has  joined  to  a good 
{l<ni  in  the  three  learned  languages,  a great  corapafs  of 
the  heft  philofophy  and  mathematics,  as  appears  by  his 
Latin  works  ; and  his  Englith  ones  are  fuch  a proof  of 
his  own  piety,  and  of  his  knowledge  in  divinity,  and 
have  done  fo  much  fervice  to  religion,  as  would  make 
any  other  man,  that  was  not  under  a fufpicion  of  here- 
fy,  fecure  of  the  friendfliip  of  ail  good  churchmen,  ef- 
pecially  the  clergy.  And  to  all  this  piety  and  learning 
was  joined,  a temper  happy  beyond  expreffion  ; a fweet, 
eafy,  modcii,  obliging  beliaviour  adorned  all  his  actions ; 
and  neither  paffion,  vanity,  infolenee,  or  oftentation 
appeared  either  in  what  he  faid  or  wrote..  This  is  the 
learning,  this  the  temper  of  the  man,,  whofe  lludy  of 
the  Scriptures  has  betrayed  him  into  a fufpicion  of  lome 
heretical  opinions.  Bifhop  Hoadley  too  having  remarked 
how  great  the  dodlor  was  in  all  branches  of  learning, 
adds,  If  in  any  one  of  thefe  he  had  excelled  only  fo  much 
as  he  did  in  all,  he  would  have  been  juflly  entitled  to  the 
characfer  of  a great  man  : but  there  is  foniething  fo 
very  extraordinary,  that  the  fame  perfon  fhould  excel 
not  only  in  thofe  parts  of  knowledge  which  recpiire  the 
ilrongefl  judgment,  but  in  thofe  which  require  the 
greateil  memory  too.  So  that,  in  a very  high  degree, 
divinity  and  mathematics,  experimental  philofophy  and 
claffical  learning,  metaphyhcs  and  critical  fleill,  were 
united  in  Dr.  Clarke. — Much  more  may  be  feen,  faid 
in  his  praife  by  bifliop  Hoadley,  Dr.  Sykes,  and  Mr. 

Wliidon,  in  their  Memoirs  of  his  life. 

\ 

CLEF,  or  Cliff,  in  Mufjc,  a mark  at  the  begin- 
ning of  the  lines  of  a fong,  which  fliews  the  tone  or 
key  in  which  the  piece  is  to  begin.  Or,  it  is  a letter 
marked  on  any  line,  which  explains  and  gives  the  name 
to  ail  the  reft. 

Anciently,  every  line  had  a letter  marked  for  a Clef ; 
but  now  a letter  on  one  line  fuffices;  fince  by  this  all 
the  reft  are  known  ; reckoning  up  and  down,  in  the 
order  of  the  letters. 

It  is  called  the  Clef,  or  key,  becaufe  that  by  it  are 
known  the  names  of  all  the  other  lines  and  fpaces  ; and 
confequently  the  quantity  of  every  degree,  or  interval. 
But  becaufe  every  note  in  the  odfave  is  called  a key, 
though  in  another  fenfe,  this  letter  marked  is  called  pe- 
culiarly tht  figned  Clef ; becaufe,  being  written  on  any 
line,  it  not  only  figns  and  marks  that  one,  but  it  alfo 
■explains  ail  the  reft.  By  Clef,  therefore,  for  diftinaion 
fake,  is  meant  that  letter,  figned  on  a line,  which  ex- 
plains the  reft  ; and  by  key,  the  principal  note  of  a 
fong,  in  which  the  melody  clofes. 

There  are  three  of  thefe  figned  Clefs,  c,  f g.  The 
Clef  of  tlie  higheft  part  in  a fong,  called  trehky  or  alty 
as  gy  fet  OR  the  fecond  line  counting  upwards.  The 
Clef  of  the  bafs,  or  the  loweft  part,  is  f on  the  4th 
line  upwards.  For  all  the  other  mean  parts,  the  Clef  is 
Cy  fometimes  on  one,  fometimes  on  another  line.  In- 
deed,^ fome  that  are  really  mean  parts,  are  fometimes 
fet  with  the  ^ clef.  It  muft  however  be  obferved,  that 
the  ordinary  fignatures  of  Clefs  bear  little  refcmblance 
to  thofe  letters.  Mr.  Malcolm  thinks  it  would  be  well 
if  the  letters  themfelves  were  ufed.  Kepler  takes  great 
pains  to  (hew,  that  the  common  fignatures  are  only  cor- 
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ruptions  of  the  letters  they  reprefent.  The  figures  of 
thefe  now  are  as  follow 

^ CharaTer  of  the  treble  Clef, 


The  mean  Clef. 


^ The  bafs  Clef. 

The  Clefs  are  aivvays  taken  fifths  to  one  another.  S*® 
the  Clef  f being  loweft,  is  a fifth  above  it,  and  g a. 
fifth  above  c. 

When  the  place  of  the  Clef  is  changed,  which  i.s 
not  frequent  in  the  mman  Clef,  it  is  with  a defign  to. 
make  the  fyftem  comprehend  as  many  notes  of  the  fong' 
as  pofiible,  and  fo  to  have  the  fewer  notes  above  or  be- 
low it.  So  that,  if  there  be  many  lines  above  the  Clef, 
and  few  below  it,  this  purpofe  is  anktered  by  placing^ 
the  del  in  the  firft  or  fecond  line  : but  if  there  be 
many  notes  below  the  Clef,  it  is  placed  lower  in  the- 
fyftem.  In  effect,  according  to  the  relation  of  the 
other  notes  to  tlie  Clef  note,  the  particular  fyftem  is 
taken  differently  in  the  fcale,  the  Clef  line  making  one 
in.  all  the  variety. 

But  ftill,  in  whatever  line  of  the  particular  fyftem 
any  Clef  is  found,  it  muft  be  underftood  to  belong  to 
the  fame  of  the  general  fyftem,  and  to  be  the  fame  in- 
dividual note  or  found  in  the  fcale.  By  this  conftant 
relation  of  Clefs,  we  learn  how  to  compare  the  feveral 
particular  fyftems  of  the  feveral  parts,  and  to  know 
how  they  communicate  in  the  fcale,  that  is,  which 
lines  are  unifon,  and  which  not  :.  for  it  is  not  to  be 
fuppofed,  that  each  part  has  certain  bounds,  within 
which  another  muft  never  come,  'Some  notes  of  the 
treble,  for  example,  may  be  lower  than  fome  of  the 
mean  parts,  or  even  of  the  bafs.  Therefore  to  put 
together  into  one  fyftem  all  the  parts  of  a compofition 
written  feparately,  the  notes  of  each  part  muft  be  placed 
at  the  fame  diftances  above  and  below  the  proper  Clef, 
as  they  ftand  in  the  feparate  fyftem  : and  becaufe  all  the 
notes  that  ar'e  confonant,  or  heard  together,  muft  ftand 
diretfly  over  each  other,  that  the  notes  belonging  to 
each  part  may  be  diftinftly  known,  they  may  be  made 
with  fuch  differences  as  fhall  not  confound,  or  alter  their 
fignificatlons  with  refpeft  to  time,  but  only  fhew  that 
they  belong  to  this  or  that  part.  Thus  we  ihall  fee 
how  the  parts  change  and  pafs  through  one  another  ; 
and  which,  in  every  note,  is  higheft,  loweft,  or  unifon. 

It  muft  here  be  obferved,  that  for  the  performance 
of  any  fingle  piece,  the  Clef  only  ferves  for  explaining 
the  intervals  in  the  lines  and  fpaces  : fo  that  it  need  not 
be  regarded  what  part  of  any  greater  fyftem  It  is ; but 
the  firft;  note  may  be  taken  as  high  or  low  as  we 
pleafe.  For  as  the  proper  ufe  of  the  fcale  is  not  to  li- 
mit the  abfolute  degree  of  tone  ; fo  the  proper  ufe  of 
\\\Q figned  Clef  is  not  to  limit  the  pitch,  at  which  the 
firft  note  of  any  part  is  to  be  taken  ; but  to  determine 
tlie  tune  of  the  reft,  with  refpedf  to  the  firft;  and  con- 
fidering  all  the  parts  together,  to  determine  the  relation 
of  their  feveral  notes  by  the  relations  of  their  Clefs  in 
the  fcale  : thus,  their  pitch  of  tune  being  determined 
in  a certain  note  of  one  part,  the  other  notes  of  that 
part  are  determined  by  the  conftant  relations  of  the 
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letters  of  the  fcale,  and  the  notes  of  the  other  parts  by 
the  relations  of  their  Clefs.  ' 

In  effect,  for  performing  any  fingle  part,  the  Clef 
■note  may  betaken  in  an  oftave,  that  is,  at  any  note  of 
the  fame  name  ; provided  vve  do  not  go  too  high,  or  too 
low,  for  finding  the  reft  of  the  notes  of  a fong.  But 
' In  a concert  of  feveral  parts,  all  the  Clefs  muft  be  taken, 
not  only  in  the  relations,  but  alfo  in  the  places  of  the 
fyftem  abovementioned  ; that  every  part  may  be  com- 
preliended  in  it. 

The  nafural  and  artificial  note  expreffed  by  the  fame 
lettei,  as  c and  are  both  fet  on  the  fame  line  or 
fpace.  When  there  is  no  charadler  of  flat  or  fharp,  at 
the  beginning  with  the  Clef,  all  the  notes  are  natural : 
and  if  in  any  particular  place  the  artificial  note  be  re- 
quired, It  IS  denoted  by  the  fign  of  a flat  or  fharp,  fet 
on  the  line  a fpace  before  that  note. 

If  a ftiarp  or  flat  be  fet  at  the  beginning  in  any  line 
or  fpace  ivith  the  Clef,  all  the  notes  on  that  line  or 
fpace  are  artificial  ones;  that  Is,  are  to  be  taken  a fe- 
mitone  higher  or  lower  than  they  would  be  without 
fuch  fign.  And  the  fame  affefts  all  their  octaves  above 
and  below,  thoug-h  thev  be  not  marked  fo.  In  the 
courfe  of  the  fong.  If  the  natural  note  be  fometimes 
required,  it  Is  fignified  by  the  character 

COMPASS.  Pa.  314,  col.  i,  after  1.  6 from  the 
bottom,  add.  See  alfo  a new  one  in  the  Supplement  to 
Cavallo's  Treatife  on  Magnetifm. 

CONDORCET  (John-Anthon  y -Nicholas  de 
Caritat,  Marquis  of\  member  of  the  Inftitute  of 
Bologna,  of  the  Academies  of  Turin,  Berlin,  Stock- 
holm, E^pfal,  Philadelphia,  Peterfbourg,  Padua,  &c, 
and  fecretary  of  the  Paris  Academy  of  Sciences,  was 
born  at  Ribemont  in  Picardie,  the  17th  of  September 
1743.  His  early  attachment  to  the  fciences,  and  pro- 
grefs  in  them,  foon  rendered  him  a confpicuous  charac- 
ter In  the  commonwealth  of  letters.  He  was  received 
as  a member  of  the  Academy  of  Sciences  at  25  years  of 
age,  nam.ely,  in  March  1769,  as  AdjunCt-Mecanlcian  ; 
afterwards,  he  became  Aflbciate  in  17^0,  Adjundl- 
Secretary  in  1773,  and  foie  Secretary  foon  after,  which 
he  enjoyed  till  his  death,  or  till  the  diJfolutlon  of  the 
Academy  by  the  Convention. 

Condorcet  foon  became  an  author,  and  that  in  the 
inoft  lublime  branches  of  fcience.  He  publiflied  his 
KJJ'ais  d* Analyjs  in  feveral  parts  ; the  firft  part  in  1763 
(at  22  years  of  age)  ; the  fecond,  in  17^7  ? the 
third,  in  1768.  Thefe  works  are  chiefly  on  the  Inte- 
gral Calculus,  or  the  finding  of  fluents,  and  make 
one  volume  in  4to. 

He  publiflied  the  Eloges  of  the  Academicians  or 
members  of  the  Academy  of  Sciences,  from  the  year 
1666  till  1 700,  in  feveral  volumes.  He  wrote  alio  fimi- 
lar  Eloges  of  the  Academicians  wdio  died  during  the 
time  that  he  difeharged  the  Important  office  of  Secre- 
tary to  the  Academy  ; as  well  as  the  very  ufeful  hlfto- 
ries  of  the  different  branches  of  fcience  commonly  pre- 
fixed to  the  volumes  of  Memoirs,  till  the  volume  for 
the  year  17B3,  when  it  is  to  be  lamented  that  fo 
ufeful  a part  of  the  plan  of  the  Academy  was  dlf- 
continued. 


H is  other  memoirs  contained  in  the  volumes  of  the 
Academ}^  are  the  following. 

1.  Tradf  on  the  Integral  Calculus  ; i 763. 

2.  On  the  problem  of  Three  Bodies;  1767. 

3.  Obfervations  on  the  Integral  Calculus  ; 1767, 

4.  On  the  Nature  of  Infinite  Series  ; on  the  Extent 
of  the  Solutions  w'hich  they  give  ; and  on  a new 
method  of  Approximation  for  Differential  Equations  of 
all  Orders;  1769. 

5*  On  Equations  for  Finite  Differences  ; 1770. 

6.  On  Equations  for  Partial  Differences;  i770» 

7.  On  Diflerential  Equations  ; 1770. 

8.  Additions  to  the  foregoing  TraTs  ; 1770. 

9.  On  the  Determination  of  Arbitrary  Fiindlions 
which  enter  the  Integrals  of  Equations  to  Partial  Dif- 
ferences ; 1771. 

10.  Reflexions  on  the  Methods  of  Approximation 
hitherto  known  for  Differential  Equations  ; 1771. 

11.  Theorem  concerning  Quadratures  ; 1771. 

12.  Inquiry  concerning  the  integral  Calculus ; 1772.- 

13.  On  the  Calculation  of  Probabilities,  part  i and2; 
1781. 

14.  Continuation  of  the  fame,  part  3 ; 1782, 

15.  Ditto,  part  4 ; 1783, 

16.  Ditto,  part  3;  1784. 

Condorcet  had  the  charafler  of  being  a \'ery  worthy 
honeft  man,  and  a refpedtable  author,  though  perhaps 
not  a firft- rate  one,  and  produced  an  excellent  fet  of 
Eloges  of  the  deceafed  xAcademicians,  during  the  time 
of  his  fecretaryflilp.  A late  French  political  writer 
has  obferved  of  him,  that  he  laboured  to  fucceed  to  the 
literary  throne  of  d’Alembert,  hut  that  he  cannot  be 
ranked  anions'  illuftrious  authors  : that  his  works  have 
neither  animation  nor  depth,  and  that  his  ftyle  is  dull 
and  dry  ; that  fome  bold  attacks  on  religion  and  de- 
clamations againft  defpotifm  have  chiefly  given  a degree 
of  fame  to  his  writings. 

On  the  breaking  out  of  the  troubles  in  France, 
Condorcet  took  a decided  part  on  the  fide  of  the  people, 
and  fteadlly  maintained  the  caufe  he  had  efpoufed  amid 
all  the  fliocks  and  intrigues  of  contending  parties  ; till, 
under  the  tyranny  of  Robefpierre,  he  was  driven  from 
the  convention,  being  one  of  thofe  members  proferibed 
on  the  31ft  of  May  1793,  and  he  died  about  April 
1794.  The  manner  of  his  death  is  thus  defcrihed  by 
the  public  prints  of  that  time.  Pie  was  obliged  to  con- 
ceal hirnfelf  with  the  greateft  care  for  the  purpofe  or 
avoiding  the  fate  of  Briffot  and  the  other  deputies  who 
where  executed.  He  did  not,  however,  attempt  to  quit 
Paris,  but  concealed  hirnfelf  In  the  houfe  of  a-  female, 
wlio,  though  (he  knew  him  only  by  name,  did  not 
hefitate  to  rifle  her  own  life  for  the  purpofe  of  preferving 
that  of  Condorcet.  In  her  houfe  he  remained  till  the 
month  of  April  i 794,  when  it  was  rumoured  that  a domi- 
ciliary vifit  was  to  be  made,  w'hich  obliged  him  to 
leave  Paris.  Although  he  had  neither  paffport  nor 
civic  card,  he  efcaped  through  the  Barrier,  and  arrived 
at  the  Plain  of  Mont  rouge,  wliere  he  expe6led  to  find 
an  afyliim  In  the  country-houfe  of  an  Intimate  friend. 
Unfortunately  this  friend  had  fet  out  for  Paris,,  where 
he  was  to  remain  for  three  days. — During  all  this  period, 
Condorcet  wandered  about  the  fields  and  in  the  woods, 

noti 
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not  to  enter  an  inn  on  account  of  not  having;  a 

civic  cnixf.  Half  dead  with  hunger,  fatigue,,  and  fear, 
and  fcarcely  able  to  walk  on  account  oi:  a wound  in  his 
foot,  he  paired  the  night  under  a tree. 

At  length  his  friend  returned,  and  received  him  with 
r'reat  cordiality  \ but  as  it  was  deemed  impiudent  that 
he  ihould  enter  the  hoiife  in  the  day-time,  he  returned 
to  the  woods  till  nig'ht,  In  this  fhoit  inteival  between 
morning  and  night  his  caution  forlook.  him,  and  he 
reidlved  to  go  to  an  inn  for  the  purpofe  of  procuring 
food.  He  went  to  an  inn  at  Claraars,  and  ordered  an 
omlette.  His  torn  clothes,  his  dirty  cap,  his  meagre 
and  pale  countenance,  and  the  greedineis  with  which 
he  devoured  the  omlette,  fixcQ  the  attention  or  the 
perfons  in  the  inn,  among  whom  was  a member  of  the 
Revolutionary  Committee  of  Clamars*  1 his  man  con- 
ceiving him  to  be  Condorcet,  who  iiad  elfecced  his 
efcape  from  the  Bicetre,  ailred  him  whence  he  came, 
whither  he  was  going,  and  whether  he  had  a paffport  ? 
Theconfufed  manner  in  which  he  replied  tothefe  quef- 
tions,  induced  the  member  to  order  him  to  be  conveyed 
before  the  Committee,  who,  after  an  examination,  fent 
him  to  the  diftricl  of  Boury  la  Relne.  He  was  there 
interrogated  again,  and  the  unfatisfadlory  anfwers 
which  he  gave,  determined  the  diredlors  of  the  diftrldf 
to  fend  him  to  prifon  on  the  fucceeding  day. — During 


C U B 

the  night  lie  was  confined  in  a kind  of  dungeon.  On 
the  next  morning,  when  his  keeper  entered  with  fome 
bread  and  water  for  him,  he  found  him  dretchedon  the 

ground  without  any  iigns  of  life.  ^ r f c* 

On  infpefting  the  body,  the  immediate  caufe  of  his 
death  could  not  be  difeovered,  but  it  was  conjetfured 
that  he  had  poiioned  himfelf.  Condorcet  indeed  always 
carried  a dofe  of  poifon  in  his  pocket,  and  he  faid  to 
the  friend  who  was  to  have  received  him  into  his  houfe, 
that  he  had  been  often  tempted  to  make  ufe  of  it,  but 
that  the  idea  of  a wife  and  daug'hter,  whom  he  loved 
tenderly,  reftrained  him.  During  the  time  that  he 
was  concealed  at  Paris,  he  wrote  a hillory  of  the  Fro- 
grefs  of  the  liuman  Mind,  in  two  volumes. 

CUB  ICS.  The  method  of  refolving  all  the  cafes 
of  Cubic  equations  by  the  tables  or  fines,  tangents  and 
fecants,  are  thus  given  by  Dr.  Malleelyne,  p.  57,  Tay- 
lor’s Logarithms.  . 

The  following  method  is  adapted  to  a Cubic  equa- 
tion, wanting  the  fecond  term  ; therefore,  if  the  equa- 
tion has  the  fecond  term,  it  mull  be  firll  taken 
in  the  ufual  manner.  There  are  four  forms  of  Cubic 
equations  wanting  the  fecond  term,  whofe  loo^to,  ac- 
cording to  known  rules  equivalent  to  Cardans,  aie 
as  follow  : 


ill.  px  ---  q o 

2d.  px  -h  p = 

3d.  ^ = O 

4th.  — px  q = O 


The  roots  of  the  firll  and  fecond  forms  arc  negatives 
of  each  other  ; and  thofe  of  the  third  and  fourth  are 
alfo  neo-atives  of  each  other.  The  firll  and  fecond 
forms  h'ave  only  one  root  each.  The  third  and  fourth 
forms  have  alfo  only  one  root  each,  when  the  quadratic 


furd  ^ ~ is  pofiible ; but  have  three  roots 


each  when  that  furd  is  impofiible. 

The  roots  of  all  the  four  forms  may,  in  all  cafes,  be 
eafily  computed  as  follows  : 


Forms  ifl  and  2d*  Put  — X 

2 p 


tang.  % ; and 


\/ tan.  45°  -- ~ tan.  u.  Then  ^ ± s/ ~ x 

3 

cot.  lu  ; where  the  upper  fign  belongs  to  the  firll  form, 
and  the  lower  fign  to  the  fecond  form. 

,3. 

'Forms  zd  and Mh*  Put  — X — if  Dfs  than  unity, 


3 

2 


Ife  its  reciprocal  — X ==  cof.  z*  Tnen, 

^ ^1 


Cafe  ifl.  — X ~ 
■ i 3 


< unity.  Putv^ 45°  — 


~ tan.  ti.  Then  .r  iz  ± ^ cofec.  2«;  where 

ae  upper  fign  belongs  to  the  third  form,  and  the  lower 
Efn  to  the  fourth  form. 


2 P 
Cafe  2d.  — X — 
^3 


a each  form,  viz,  .r-  = X cof. 

3 ^ 


> unity.  Then  x has  three  values 

-j- 


3 


cof.  60°  - - = + X cof.  6o»  + ; where 


n 

O 


le  upper  figns  belong  to  the  third  form,  and  the  lower 
gns  to  the  fourth  form^ 


4 
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Sy  Logarithms,  * 

Forms  \Jl  and  2d,  Log.  X jo  — 1-  x log.—  =: 


log.  tan.  s,  and 


log.  tan.  45°  _ I2;  4-  20 


= log.  tan.z^. 


10  ; and  x 


A Jy 

Then  log.  x — \ log.  ^ + log.  cot.  2?;  — 

will  be  affirmative  in  the  firll  form,  and  negative  in  the 
fccond  form. 


Forms  yi  and  r^h.  — X log.  — +10  — log,  ~ be- 

^3  2 


P 


jng  lefs  than  10  (which  is  cafe  firft)  or  log.  ~ -j-  10  — 

2 

'ip. 

— X log.  — being  lefs  than  10  (which  is  cafe  2d)  = 

/ 3 

log.  cof.  z. 


rrn  Log.  taji.  45°  - -f-  20 

Cafe  if.  ^ = log.  tan.  u, 

3 

1 p 

Then  log,  X — \ log.  }-  lo  — log.  fm.  2u\  and 

3 . V 

.r  Will  be  affirmative  in  the  third  form,  and  negative  in 
the  4th  form. 

Cafe  2d.  Here  x has  three  values. 


I ft.  Log.  4:Jc“-|log. 
2d.  Log. 


4/  , , % 

~ + log,  col.  — — 10, 


x—i  log. 


4P 

3 

4/> 


3 


-h  log.  cof.  60°  — 


3d.  Log.  4-.\’=:41og.  — 4.  log. cof.  60° -j — .10; 

3 ^3 

where  the  upper  figns  belong  to  the  third  form,  and 
the  lower  figns  to  the  fourth  form  ; that  is,  the  firft 
value  of  .V  in  the  third  form  is  pofitive,  and  its  fccond 
and  third  values  negative  ; and  the  ftrft  value  of  x in 
the  fourth  form  is  negative,  and  its  fecond  and  third 
values  affirmative.*^ 

See  alfo  Irreducible  Cafe, 

CURVE.  Pa.  350,  col.  2,  1.  35,  for  d'x  + r. 


dx  -f-  x^. 


D. 


DIPPING  Needle,  Pa.  383,  col.  2,  after  line  38 
See  anew  Dipping-needle  by  Dr.  I.nrlmer,  in  the 
Philof.  Tranf.  1375,  in  the  Supplement  to  Cavallo’s 
Treatife  on  Magnetifra. 

DOME.  In  plate  33  is  reprefented  the  plan  and 
elevation  of  a Dome  conftruCled  without  centring,  by 
Mr.  S.  Bunce  ; viz,  Fig.  i the  plan,  and  Fig.  2 the 
elevation.  The  ftrft  courfe  confifts  of  the  ftones  marked 
I,  I,  I,  &c,  of  different  fizt?,  the  large  ones  exadlly 
twice  the  height  of  the  fmall  ones,  placed  alternately, 
and  forming  intervals  to  receive  the  ftones  marked2,2,  2. 
The  other  courfes  are  continued  in  the  fame  manner, 
according  to  the  order  of  the  figures  to  the  top. 

It  Is  evident,  from  the  converging  or  wedgelike  form 
of  the  Intervals,  that  the  ftones  they  receive  can  only 
be  inferted  from  the  ontfide,  and  cannot  fall  tlirough; 
therefore  the  whole  Dome  may  be  built  without  cen- 
tring or  temporary  fupport.  To  break  the  upright 
joints,  the  ftones  may  be  cut  of  the  form  marked  in 


Fig.  3 ; and  thofe  marked  16,  17,  &c,  near  the  key.- 
Itones,  may  be  enlarged  as  at  Fig.  4. 

Pa.  399,  col.  2,  line  10  from  the  bottom, /cr  Dy- 
MANics  Dynamics. 

E. 

EUTOCIUS,  a refpeftable  Greek  mathematician, 
lived  at  Alcalon  in  Paleftine  about  the  year  of  Chrlft 
5)0.  ^ Me  was  one  of  the  moft  conftderable  mathe- 
maticians that  flounflied  about  the  decline  of  the  fciences 
among  the  Gieeks,  and  had  for  bis  preceptor  Iftdorus 

the  principal  architea  of  the  church  of  St.  Sophia  at 

Conftantinople.  He  is  chiefly  known  however  by  his 
commentanes  on  the  works  of  the  two  ancient  authors, 
^ Thofe  two  commentaries 

^ compofitions,  to  which  we  owe  many 

u e circumftances  in  the  hiftory  of  the  mathematics. 
His  commentaries  on  Apollonius  are  publifhed  in 
of  the  works  of  that  author  ; and  thofe 
on  Archimedes,  firft  in  the  Bafte  edition,  in  Greek  and 
M.43»  and  fince  In  fome  others,  as  the  late 
Oxford  edition.  Of  thefe  commentaries,  thofe  rank 
t le  highell,  which  iiluftrate  Archimedes’s  work  on  the 
p lei  e and  Cylinder  ; In  one  of  which  we  have  a recital 
o t le  vaimus  methods  praftifed  by  the  ancients  in  tiic 
lolution  of  the  Delian  problem,  or  that  of  doubling  the 
cube.  The  others  are  of  lefs  value  ; though  it  cannot 
ut  e regretted  that  Eutocius  did  not  purfue  his  plan 
of  commenting  on  all  the  works  of  Archimedes,  with' 
the  fame  attention  and  diligence  which  he  employed 
in  his  remarks  on  the  fphere  and  cylinder. 

Pa.  507,  line  5 from  the  bottom,  for  3 + ‘ read 
3 "h  L 

Pa.  551,  line  22  from  the  bottom,  for  -H  read 

G. 

• ^ROIN,  with  Builders,  is  the  angle  made  hy  the 
intei-ftaion  of  two  arches.  It  is  of  two  kinds,  regular 
and  irregular;  viz.  Regular  when  both  the  arches  have 
the  fame  diameter,  but  an  Irregular  Groin  when  one 
arch  is  a femicircle  and  the  other  a femiellipfis.  Groins 
are  chiefly  ufed  in  forming  arched  roofs,  where  one 
hollow  arched  vault  interfeds  with  another;  as  in  the 
roofs  of  moft  churches,  and  fome  cellars  in  large  houfes, 

T. 

IMPOSSIBLE  Binomial,  See  Binomial. 

IRREDUCIBLE  Cafe,  in  Algebra.  Mr.  Bonny- 
callle  has  communicated  the  following  additional  obfer- 
vations  on  this  cafe,  and,  an  improved  folution  by  a 
table  of  fines.  The 

Irreducigle  Cafe,  In  Algebra,  is  a cubic  equation  of 
the  form  x^—ax  = + having  greater  than  ^3% 
or  4^23  greater  than  27^^  ; in  which  cafe,  it  is  well 
known,  that  the  folution  cannot  be  gcacrally  obtained, 
either  by  Cardan’s  rule,  or  any  other  which  has  yet 
been  devifed. 

One  of  the  moft  convenient  methods  of  determinincr 
the  roots  of  equations  of  this  kind,  is  hy  means  of  a 
Table  of  Natural  Sines,  &c,  for  winch  puipofe  the 
following  formulae  will  be  found  extremely  commo- 
dious, the  arc,  in  each  cafe,  being  always  lefs  than  a 
quadrant,  and  therefore  attended  with  no  ambiguity. 

If' 


I 


LOG 
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If  the  equation  be  ax  h let  A be  put  — 

arc  whofecof.  is— to  rad.  i,  then  the  three 

2a  a 

roots,  or  values  of  a",  will  be  as  follows : 


X 


2V“  X cofine  — 
3 3 


^ v'—  =i  \/-  J andconfequently - 3>'  = 
a 

From  which  laft  equation,  it  appears  that  y — cof. 
arc  whofe  cof.  and  therefore  x=^-l 

^ 2 LI  Cl 


equation. 

3^ 


^^7 

^ 2 ^l.Xy-zV'- X (cof.  ^ arc  whofe  cof, 

3 3 ^ 

or,  if  A be  put  =:  arc  whofe  cof.  Is  is 

.a  r ^ 

— tj-  X col.  — . 

3 3 ^ ^ 

But  the  arc  of  which  is  the  cofine,  Is  either 

2a  a 

a A 

A,  A F 360°  or  A + 720°  ; whence  ,v  =2  >/;-  X cof.  -- 

a r A+36o°  ,a  ^ AH-720°  ^ 

or  2 V --  X cof.  — j or  2 tjy'  xcof.--  _ , 

3 3 . ^3  , ^ , 

the  two  latter  of  which  being  converted  into  fines,  will 
give  the  fame  formulae  as  in  the  rule. 

Ill  like  manner,  if  i be  the  fine  of  any  arc  to  rad.  i, 
Is  w'ell  known  to  be  the  fine  of  3 times  that 

, Let  x^ 'KX  — i,  to  find  the  3 roots  of  the  arc  ; and  confequently  j is  the  fine  of  \ of  the  aic  whofe 

fine  is  3^  ~ 4^-^  Whence,  to  reduce  the  equation 

to  this  form,  let  x — as  before  ; 


. qo°  + A 

.r  = — X line- 

3 .3 

.a  . 90°  — A 

x — — 2 line  • 

3 3 

And,  if  the  equation  be  = — 3 ; let  A be 

t)ut  = arc  wLofe  fine  is  -A-  ^/—  to  rad.  i ; then  the 
* za  a 

three  roots,  or  values  of  x,  will  be  as  follows . 


X 


a r A 
2 V'—  X line  — 
3 3 


a 


*c  22:  2 X 

3 


90°  + A 

col. 

3 


X 


,a  . 90°+ A 

— 2 V*”'  X cof. 

3 


3 


Here  ^ ^ 

2n!  Cl 


lv^  = -i  = -s 

6 3 2 


X"  2C0f. 

Hence,{  — 2rine 
a;=  — 2rine 

! 


60® 

3 

150° 

3 

3 


: cof.  60°  =:  A . 
2Cof,20^=  1*8793852 


A"- 


ax 


then 


..3 


y 

a X 


“2rine50^  = — 1*5320888 

— 2rineio°r:r  — ' *3472964 

Ex.  2d.  Let  ~ — I,  to  find  the  3 roots  of 

the  equation. 


— 3,  orj^  •—  az'^y  = — or 
— /;^3^  or  4az^y  - 4V^  ~ 4/^3  . where,  if 
be  put  zz  3,  we  fiiall  have  2;  = 


'‘<0 


fequently  3y  “ 


Here  — V-  -r  ~ — *5  = 

a 6 3 2 

^ 2 fine  10°  = *3472964 


X-. 


6 

2 fine 


1 20° 


Hence J a;  = 2cbf.- =200^40® 


1*5  320888 


60 


A* 


2 cof.  “ —2C0f.  20°= —•  1*8793852 


From  which  lad  equation  it  appears  that  y = fine 

i^rc.whofefineis^  V“,  and  therefore  a =^-=z2^/-  X 
3 za  Cl  ^3 

f fine  Ixrc  whofe  fine  is  — V-)j  which  is  the  fame  as  the 
V 3 2a  a 

rule,  the  other  two  roots  being  found  as  in  the  for- 
mer cale. 

L. 

LOCK,  for  Canals,  in  Inland  Navigations.  See 
Canal. 

logarithms.  Mr.  Bonnycafile  has  commU' 


The  invefiigation  of  this  method  is  as  follows  : LUO/IKJ.  i nivio.  - -- 

It  is  fhewn,  by  the  writers  on  Trigonometry,  that  nicated  the  following  new  method  of  making  thefe  ufe- 
if  c be  the  cofine  of  any  arc  to  rad.  i,  ~ xc  will  be  numbers  : 
the  cofine  of  3 times  that  arc  ; and  conlequently  c is 
the  cofine  of  I of  the  arc  whofe  cofine  is  — 3^> 
any  other  equal  quantity. 


y other  equal  quantity.  ^ from  the  hyperbola,  by  means  or  winch,  and  the  10 

In  order,  therefore,  to  reduce  the  equation  gjqje  curve,  the  nature  and  properties  of  thefe  number 
. . _ . V . r-lp^irlv  nnd  ekirantlv  explained. 


Logarithms.  The  feries  now  chiefly  ufed  in  the 

computation  of  Logarithms  were  oiiginally  derived 
^ , 111  ^'Qc  lo* 

mbers 


• y 

x^  — ax  — l)  to  this  form,  let  a*  = — ; then 

% 


are  clearly  and  elegantly  explained. 

The  dodrine,  however,  being  purely  aritlimeticai, 
5 this  mode  of  demonflrating  it,  by  the  intervention  ot 

■—-max^—hy  ory^  — azP'y  — hz})  or  qy^  — ii^azry—  certain  curves,  w’as  confidered,  b}’*  Hr.  Halle\ , as  not 
^ ^ conformable  to  the  nature  of  the  fubjedl. 

; wEence  if  be  put  = 3?  v\^e  (hall  have  pie 


LOG 
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Me  hag,  accordingly,  invedigated  the  fame  feries 
from  tlie  abftraCt  principles  of  numbers;  but  his  me- 
thod, which  is  a kind  of  difguifed  fluxions,  is,  in  many 
ptaces,  fo  extremely  abftrule  and  obfcure,  that  few 
have  been  able  to  comprehend  his  reafoning. 

An  eafy  and  perfpicuous  demonflration,  of  this 
kind,  was  therefore  ftill  wanting  j which  may  be  ob- 
tained fi  om  the  pure  principles  of  Algebra,  indepen- 
dently of  the  dodlrine  of  Curves,  as  follows  : 

The  Logarithm  of  any  number,  is  the  index  of  that 
power  of  fome  other  number,  which  is  equal  to  the 
given  number. 

T^  hiis,  if  the  logarithm  of  a is  .v,  which  may 

be  either  pofitive  or  negative,  and  r any  number  what- 
ever, according  to  the  different  fyflems  of  Loga- 
rithms, 

When  a ~ i,  it  is  plain  that  x muft  be  = o,  what- 
ever be  the  value  of  r ; and  confeqiiently  the  Logarithm 
of  I is  always  o in  every  fyflein. 

If  X ~ I,  it  13  slfo  plain  that  ci  muft  he  ~ r ; and 
therefore  r is  alw’ays  the  number  in  every  fyftem,  whofe 
Logarithm  in  that  fyftem  is  i. 

To^  find  the  Logarithm  of  any  number,  in  any"  fyf- 
tem, it  is  only  neceflary,  from  the  equation  zzz  a,  to 
find  the  value  of  .r  in  terms  of  r and  a. 

This  may  be  ftriaiy  eff'eacd,  by  means  of  a new 
property  of  the  binomial  theorem  of  Newton;  which  is 
given  under  its  pioper  article  in  this  Appendix.  The 
general  Logarithmic  equation  being  let 


fclH  (:' : j )"i±  I (u  - 1 ) 3 - ^ ( j . 1 ) 4 .p 


5 


a 


X 

X 


I A 1 — 

“ I -f  p,  and- =r  z;  then  7' ==  ~ 


/ p*  p3  /,4  ' xz  .3 

■ 4 {P -T+- + i(p-~  + ~ 
- 3 4 ^3 

I ' /)3  a4  j 

+ — (/  --  +-  — 3tc)  + ~ 

M 2^3  4 2.3.4 


0^+5  ’ 

Which  is  a general  expreffion  for  the  Logarithm  ofanf 
number,  in  any  fyliem  of  Logarithms,  the  radix  1 
being  taken  of  any  value,  greater  orlefs  than  r. 

But  as  r in  every  fyftem,  is  a conftant  quantity,  being 
always  the  number  whofe  Logarithm  in  the  fyftein 
to  '■'•hlcli  it  belongs  is  i,  the  above  expreffion  may  be 
limplihed,  either  by  aiTuming  r ~ to  fome  particular 
numbei,  and  from  tlicnce  finding  tlie  value  of  the  feries 
conftituting  the  denominator;  or  by  affuming  this  wdiole 
terics  = to  fome  particular  number,  and  from  thencT 
finding  the  value  winch  muft  be  given  to  tlie  radix  r. 

By  the  latter  of  thefe  methods,  the  denominator  may 
be  made  to  vanifh,  by  affuming  the  value  of  the  furies 
ut  which  It  confilts  i,  in  w-hich  cafe,  the  Logarithm 

of  I ft-  becomes  = — 

the  Logarithm  of 

(a- 

and  r,  by  rcveifion  offeries  is  found  ^ 2.718:818  iScc. 

The  fyftem  arifing  from  this  mode  of  determining  the 
value  of  the  radix  7‘,  is  that  which  furnifhes  vv"hat  have 
been  ufuaily  called  hyperbolic  Logarithms  ; and  ap- 
pears to  he  the  fimpleft  form  tiie  general  expreffion  ad- 
mits of. 

If,  on  the  contrary,  the  radix  r be  alTumed  to 
fome  particular  number,  as  for  inftance  10,  the  value 
of  tlie  feries  y — -A  7^  -b  3 y ^ y 7"^  d"  1 <7^  &e,  or  its  equal 

+ 3 — i)'^  — |(r  — i)^  q- j j 

will  become  = 2.30258509  &c,  and  the 


£■+>! 

^ 3 


1 &c,  or 

4 5 


i 

V 


-b/  1= 


4 


&ic) 


3 4 


4* 


I i-^ 

(/> { — 

2. 3. 4.5  2 3 


or  die  Log.  of  a 


&c)-z5,5cc.  See  Blno- 


f«L/ Theorem,  i\ppendix. 

1 • ' P^  P^ 

And  if  1 }.  -i—  ScQ  be  put  n x,  we 

234*5 

fhall  have 


I 4*  rz  -f  4- s 


2.3.4 


-X‘^z4  4_ 


I 


or  jz4-if2 


d 4- 


c4r>4- 


d- 


2-3  4-5 

I 


s^z^&ic  —r, 


5z55^Crr7'-I, 


^*3  ^•3*4  2’3-4-3 

which  let  be  put  ~ q ; then,  by  reverting  the  feries 


% or  — w ill  be  found 

X 


= + hr-lq^  d-  f yS  he  _q.  \q'^  4-  573.1^4  q.  r 

p-hp^ tP' 

and  coDfequently  * = 2q£l±ieii£l±l/l^=. 

The  Logarithm  of  or  i 4-  is  theiefinc 

q.  i^3.l^4  q.  iy,5  &c 

and  q — r — I,  the  Logarithm  of  a is 

Vci.,  11. 


&:c,  wdiich  gives  the  fyftem  that  furnifties  Briggs’s  of 
the  common  Logarithms. 

And;  In  like  manner,  by  affiiming  any  particular  va- 
lue for  r,  and  thence  determining  the  vahie  of  the  feries 
7' 47^4-  3 + j q'^  or  its  equal 

(r-i)-i(r-i)H-K/-  I)'  5:c: 

or  by  aftuming  the  lame  feries  ol  fame  particular  va- 
lue, and  thence  determining  the  Value  of  any  fyllein 
of  Logarithms  may  be  derived. 

The  feries  5^ -^7^  + \q^-  \q^  4-  * 7^  3;c,  or  its  equal 
( ,•  - I ) - i (r  - I ) 4-  5 ( r - 1 ) 3 . ^ i ) 4 ^ .1  i ) s 
which  forms  the  denominator  of  tlie  above  compouuJ. 
expreffion,  exhibiting  the  Logarithms  of  numbers  ac- 
cording to  any  fyllcm,  is  what  was  hill  called,  by 
Cotes,  the  Modulus  of  the  fyftem,  being  always  a 
conftant  quantity,  depending  only  on  the  aftumed 
value  of  7'. 

And,  as  the  form  of  this  feries  is  exai^ftly  the  fame 
as  that  which  conftitutes  the  numerator,  and'which  }\a^ 
been  ftiewn  to  be  the  hyperbolic  I.ogarithra  of  it  iof- 
lovvs  that  the  Modulus  of  any  fyftem  of  Logarithms  li 
equal  to  the  hyperbolic  Logarithm  of  the  radix  of  that, 
5 ^ iyftc  Ui» 


LOG 


[ 74^  ] 


LOG 


fyllem,  or  of  the  number  whofe  proper  Logarithm  in  will  be  = jO  + i | 4 /♦  + f or  the- 

the  fyftem  to  which  it  belongs  is  i.  _ hyperbolic  Logarithm  of  ir 

The  form  of  the  feries  here  obtained  for  the  hyper-  ^ ^ | i i . 


a 


4- 


holic  Logarithm  of  ciy  is  the  fame  as  that^  which  was 

flrft  d’fcov'cred  bv  hfercator  ^ and  if  the  feries  ofW'alhs  rr*  •nux'-ij  ^ ►.irQ^QrO 

be  required,  it  may  be  invehigated  in  a firailar  manner  and  r,  by  re^-fion  of  feries  will  be  found  _ .7182818, 

oe  rcquiicu,  it  may  o Lpfnre.  And  it.  on  the  contrary,  the  radix  t be  ai« 


as  follow's : 

The  general  Logarithmic  equation  being  = a. 


as  before,  let  a 

‘ T 


1-J> 


I X 

and  % = — ; then  r — a 

X 


as  before.  And  if,  on  the  contrary,  the  radix  r be  ah 
fumed  =10,  the  value  of  the  feries 


r - I 


4-i 


r ~ 


j-j, 


2; 


.andl^;:^  =..(;.+C+C+C&c) 


€ . thA, 

2 3 4 


„ _L  (y,  p-t  jJP  +4-  &c) 


'*  3 " 


2 ■ ■ 4 2.3 


L 


T .-.P^  J\ i j-'f  AiVlSaS 


2.3.4  a 3 4 •“■3-4'5 


2 ■ 3 ■ 4 

{pV- 


2 3.  4 


,-h+5(~)'+i(b4)  +t(-7^)'&c. 

will  become  =1  2.30258  509,  as  before  j and  the  common 
Logarithm  of 

i-p  2.30258509 

T 

or  the  common  Logarithm  of  a 


6cc. 


And  if  ^ + £!  + A + £^  + ^&cbeput=r,we 

^ 2 3 4 5 


a 


■4 


\4j 


a 


2.30250509 
~r  s 


Or  the  latter  formula,  for  the  Logarithm  of  • 


5 &c. 

T 


■P 


or 


lhall  have  i — j-s  L 4 


2.3 


, j.32;3  _|- 


I . . - ^ 

^4^4  = — 

r 


.3.^3  


2.3.4 

See 


I 

r 


or  .fa  — 2 ~ .,0  4 

2.3  2.3,4 

which  let  be  put  = y ; then,  by  converfion  of  fe- 

I 

ties,  s or— ■ will  be  found 

A’ 


its  equal  a,  may  be  more  coneifely  derived  from  the  firftj 
as  follows : 

The  Logarithm  of  • r + />  has  been  fliewn  to  be  = 
p-ip^  + ip^-ip^+lf  and  if  be  fubftituted 

L ^3_2  .A  J-  L /rS  &c 


1 

y““2 


_ y^  + 1 y^  — 4 y"^  + 5 y 

in  the  place  of  T/q  the  logarithm'of  i — ^ will  become 

-£ziAd£riA:L!-^,  whence 

p'\'ip’^  garitlim  of 


and  confequently  s;  = yyiqqTT^H-  | rf  3-  J jS  &c  Cili 

The  Logarithm  of  a or  - — ^ is,  therefore, 

P 'h^.P^  + IP^  , or  fince 

y + t y^  + I y^  4-  i -h  T y^ 


the  Lo’- 

n Log.  I — Log.  (i  — /)  = o — 


a 


■and  q 


I 

r 


^ ^ a 

the  Logarithna  of  is  = 


orLog.rt_^^_^^_^  (r-i)^  + 4 (r-  L" 

where  the  denominator  is  the  fame  as  in  the  hrfl  formula, 
q being  here  2=2  r—  i. 

If  the  denominator,  In  either  of  tliefe  general  formulas, 
be  put  = m,  the  Logarithm  of  \ p will  be  de- 

noted  by  — X (/-!/"+  i/’-i/ + <»  the 

fll 

Logarithm  of  a by 
m 


Which  is  another  general  expreffion  for  the  Logarithm  ^ ^ x . , , , 

of  any  number  a,  in  any  fyftem  of  Logarithms,  that  Ana  the  Logarithm  of  ^ will  be  denoted  by 

may  be  fimplihed  in  the  fame  manner  as  the  former, 
the  denominator  being  Hill  equal  to  the  hyperbolic  Lo- 
o-arithm  of  the  radix  r ; or,  which  is  the  lame  thing,  to 
the  Modulus  of  the  fyftem. 

For  If  the  feries  y ft-  iy^  + I y^  + ft“  ly^ 
or  its  equal 


I 

tn 


X (^+  !/>* +!/-'+  + 

or  the  Logarithm  of  a by 


I a-i 
— X;— - + 
m a 


7-  + Kv)‘h(-7)’+!('A‘+K'4)'  »'• 


i(~>+i(^)bi(T)45(7)'- 

And  ftnee  the  fum  of  the  Logarithms  of  any  two 
numbers  is  equal  to  the  Logarithm  of  their  product, 


be  afiumed  i,  the  hyperbolic  Logavitlim  of  ■■■— — the  Logarithm  of  ^ ___  will  become 


\-p 


2 

m 


LOG 
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~~  In  ^ + i/’  + 5/’  + 7'/’  &'^)i 


or  the  Logarithm  of  a 


V/hich  is  a third  general  formula,  that  converges  fader 
than  either  of  the  former. 

The  Logarithm  of  any  number  may,  therefore,  be 
cKhihIted  univerfally,  or  according  to  any  fydem  of  Lo  - 
garithma,  in  the  three  following  forms : 


Log.  (id-/) 

I 


Log. 


Log. 


1 4-  p 
l-p 


I 

m 

1 

m 

2 
m 


+ &:c. 

X : p-\-  3 + 5 “h  7 + 

Or 


Log.^7=r  — X - l)*  + I J(4'I)4  &rc. 


tn 


Log.  flzrr  — X : 


i+ .(-y+d- )^+j(-> 

{ a a ' a' 

Log.^=— X :— + ) +i(— j +K— y^c. 

m a-\-\  hz-fi  + i hs-J-r 

And  if  a-\-h  he  put  =?  j-,  and  a z.'i  b ~ thefe  general 


a I 

° b m 

a T 

'S’  T" 

o tn 
a 2 


convei 

■ted  into  the  folk 

d- 

1 

r/3 

\/4 

1 

zb^ 

H- 

3+' 

4^4 

r/3 

d^ 

F 

F 

F 

F- 

za‘‘ 

4^^ 

•5+ 

F- 

d^ 

d'^ 

— 

F 

F 7 

F Q 

3^3 

5+ 

From  which  lad  expreffions,  if  d or  its  equal  a mb 
be  put  ~ I,  we  fnall  have,  by  proper  fubditution,  and 
the  nature  of  Logarithms  : 


^ , •«  . T T I T I . 

Log.  ^ = Log.  («  — I ) d X — -h  — • d-  — , 

^ ^ ^ m a zad  4^^ 


IT  I 

Log.^==Log.  (^*  L + r„  ~ * 


I 


m a-i  2(47-1)  j(^M)^  4(a-i)'^ 
T J I 


See 


Log.77=Log.(/2-2)F  -X; — h-- ~+  -h- r 

° ° m a-i  ‘^{a-lP  p.a-id 


r I 

4 r f^C. 


And  from  the  addition  and  fnbtraflion  of  thefe  fe- 
ries,  feveral  others  may  be  derived  ; but  in  the  actual 
computation  of  Logarlthms^they  will  be  found  to  pof- 
ifcfs  little  or  no  advantage  above  thofe  here  given.  The 
fame  general  formula  maybe  derived  from  the  original 
Logarithmre  equation  in  a dilFercnt  way, 

thus  ; 


\ 

, M I C 


Letr  ~ I +5',thenrX— I 4. 

■2'3 

d {q‘\q^-\-\q''^—‘^q‘^SicYx‘^StiC—  t?;  or  if?’ be  put 

2.3.4 

I 


, wefhallhave  i-y  F 


'2'  ( !?  F Z ^y'^&c  j ^ (<7+ 1 5-^+ j ^ H hr  >(' 

^•3 

('7  + 2 F f 2'^  F 4 Stc)bv'^  (See  = — . 

2.3.4 


a 


And  by  denoting  q~  \ q'  F \ q^  \ q^^ 
fil’d  cafe,  or  its  equal  q-\~^  q^  F t^'^FF  q‘^f  hi  the  lat- 
ter cafe,  by  w,  thefe  expredions  will  become 


I I 

1 F fiix  -{•  ndx^  F ndx^  F ~ 42  : 

2.3  2.3.4 

and  I —-tfix  F Indx'^ m*x^-\ etc  = • 

2.  T 2 .3.4»  ^ 

which  are  the  two  anti-Logarithmic  feries  of  Halley  :• 
from  whence,  by  reverfiori  of  feries,  may  be  found  the 
Logarithm  of  any  number  as  before. 

M. 


MICROSCOPE.  The  following  diredlions  are 
given  for  ufing  the  New^  Univerfal  Pocket  Microfeope, 
made  and  fold  by  W.  and  8.  Jones,  opticians,  No.  135, 
Holborn,  London.  See  fig.  4,  pi.  33. 

“ This  Microfeope  is  adapted  to  the  viewing  of  all 
forts  of  objedls,  whether  tranfparent,  or  opake ; and  for 
itifeds,  Jlo‘u>erSf  animalcules^  and  the  infinite  variety  of 
the  minut'ia  of  Nature  and  Art,  will  be  found  the  mod: 
complete  and  portable  for  the  price,  of  any  hitherto 
contrived. 

Place  the  fqnare  pillar  of  the  Microfeope  in  the  fquarc- 
focket  at  the  footl),  and  faden  it  by  the  pin,  as  Ihewu 
in  the  figure.  Place  aid)  in  the  foot,  the  rededliiig 
mirror  C.  There  are  three  Ic  nfes  at  the  top  fhewm  at 
A,  which  ferve  to  magnify  the  objefls.  By  ufing  thefe 
lenfes  feparately  or  combined,  you  make  feveii  different 
powers.  When  tranfparent  objetRs,  fuch  as  are  in  the 
ivory  fiiders,  number  4,  arc  to  be  viewed,  you  place  ’ 
the  fiiders  over  the  fpring,  at  tlie  underfide  of  the  llage 
B ; then  looking  through  the  lens  or  magnifier,  at  A, 
at  the  fame  time  reflect  up  the  light,  by  moving  the 
mirrour  C below’,  and  move  gently  upwards  or  down- 
v/ards  as  may  be  nejceffary,  the  dage  B,  upon  its  fquarc 
pillar,  till  you  fee  the  object  illuminated  'and  didiuCtly' 
magnified  ; and  in  this  manner  for  the  other  pbjeCls. 

For  animaleuk’S,  you  unlcrew  the  braf?  box  that  h 
fitted  at  the  dage  B,  containing  t-wd  glades,  and  leave  • 
the  undermod  glafs  upon  the  dage,  to  receive  the  fluids. 

If  you  wifli  to  view  thereon  any  moving  infeef,  &c,  it 
may  be  confined  by  ferewing  on  the  cover:  of  the  two 
glades,  the  concave  is  bed  for  fluids.  Should  the  olqed:!^  • 
be  opake,  fuch  as  feeds,  Sre  ; they  are  to  be  placed  - 
upon  the  black  and  white  ivory  round  piece,  number  3, 
wdiich  is  fitted  alfo  to  the  dage  B.  If  the  objedfs  are 
of  a dark  colour,  you  place  them  contradedly  on  tiie 
white  fifie  of  the  ivory.  If  they  are  of  a white,  or  -a 
lio-ht  colour,  upon  the  blackened  fide.  Some  t)bjed.4 
5 C 2 will 
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vv’ill  be  more  conveniently  viewed,  by  fticking  them  oil 
the  point  of  number  2 ; or  between  the  nippers  at  the 
other  end,  which  open  by  prefhng  the  two  little  brafs 
pins.  This  apparatus  is  alfo  fitted  to  a finall  hole  in  the 
ilage,  made  to  receive  the  fupport  of  the  wire. 

The  brafs  forceps,  number  i,  ferve  to  take  up  any 
fmall  object  by,  in  order  to  place  them  on  the  llage  for 
view,  dlie  inftriiment  may  be  readily  converted  into 
an  hand  Microfeope,  to  view  objedls  againft  the  common 
light  ; and  which,  for  fome  tranfparent  ones,  is  better 
fo.  It  is  done  by  only  taking  out  the  pillar  from  its 
foot  in  D,  turning  it  half  round,  and  fixing  it  in  again  ; 
the  foot  then  becomes  a ufeiul  handle,  and  the  refiedlor 
C is  laid  afide. 

The  whole  apparatus  packs  into  a fifh-ilcin  cafe,  4I 
inches  long,  2^  inches  broad,  and  inches  deep. 

For  perfons  more  curious  and  nice  in  thefe  fort  of 
Inftruments,  there  is  contrived  a ufelul  adjufiing  ferew 
to  the  ftage,  reprefented  at  e.  It  is  firft  moved  up  and 
down  like  the  other,  to  the  focus  nearly,  and  made  fall 
by  the  fmall  ferew.  The  utrnoft  diftineftnefs  of  the  ob- 
jedl  is  then  obtained,  by  gently  turning  the  long  fine 
threaded  ferew,  at  the  fame  time  you  are  looking 
through  the  magnifiers  A.  In  this  cafe,  there  may  be 
alfo  added  an  extraordinary  deep  magnifier,  and  a con- 
eave  filver  fpeculum,  with  a magnifier  to  ferew  on  at  A, 
which  will  ferve  for  viewing  the  very  final!,  and  opake 
objeCfs,  in  the  completell  manner,  and  render  the  inftru- 
ment  as  comprehenfive  in  its  ufes  and  powers,  as  thofe 
formerly  fold  under  the  name  of  Wilfan^s  M'tcrofcope,^^ 
MODULUS,  and  MODULAR  Ratio.  See  p.  49 
at  the  bottom. 

N. 

NUTATION,  in  Aftronomy,  a kind  of  libratory 
•motion  of  the  eartlFs  axis  by  which  its  inclination  to 
the  plane  of  the  ecliptic  is  continually  varydng,  by  a 
certain  number  of  feconds,  backwards  and  forwards. 
The  whole  extent  of  this  change  in  the  inclination  of 
the  earth’s  axis,  or,  which  is  the  fame  thing,  in  the 
apparent  declination  of  the  liars,  is  about  19",  and  the 
period  of  that  change  Is  little  more  than  9 years,  or  the 
ipace  of  time  from  its  fetting  out  from  any  point  and 
returning  to  the  fame  point  again,  about  18  years  and 
7 months,  being  the  fame  as  the  period  of  the  moon’s 
motions,  upon  which  it  chiefly  depends  ; being  indeed 
the  joint  effedl  of  the  inequalities  of  the  action  of  the 
fun  and  moon  upon  the  fpheroldal  figure  of  the  earth, 
by  which  its  axis  is  made  to  revolve  with  a conical 
motion,  fo  that  the  extremity  of  it  deferibes  a Imall 
circle,  or  rather  an  ellipfe,  of  19*1  feconds  diameter, 
and  I4'^*2  conjugate,  each  revolution  being  made  in 
the  fpace  of  18  years  7 months,  according  to  the  revo- 
lution of  the  moon’s  nodes. 

Th  is  is  a natural  confeqiience  of  the  Newtonian 
fyltem  of  univerfal  attradlion  ; the  firfl  principle  of 
which  is,  that  all  bodies  muturdly  attrafl  each  other  in 
the  dire£l  ratio  of  their  maffts,  and  in  the  inverfe  ratio 
of  the  fquares  of  their  diftances.  From  this  mutual 
attraction,,  combined  with  motion  in  a right  line,  New- 
ton deduces  the  figure  of  the  orbits  of  the  planets,  and 
particularly  that  of  the  earth.  If  this  orbit  were  a 
circle,  and  if  the  earth’s  form  were  that  of  a perfedl 
fphere,  the  attraction  of  the  fun  would  have  no  other 


effedt  than  to  keep  the  earth  in  Its  orbit,  withouf 
caufing  any  irregularity  in  the  pofition  of  its  axis.  But 
neither  is  the  earth’s  orbit  a circle,  nor  its  body  a fphere ; 
for  the  earth  is  fenfibly  protuberant  towards  the  equator, 
and  its  orbit  is  an  ellipfis,  which  has  the  fun  in  its  focus* 
Now  when  the  pofition  of  the  earth  is  fuch,  that  the 
plane  of  the  equator  palTes  through  the  centre  of  the 
fun,  the  attractive  power  of  the  fun  aCls  only  fo  as  to 
draw  the  earth  tovv^ards  it,  ftlll  parallel  to  itfell,  and 
without  changing  the  pofition  of  its  axis  ; a circum- 
ftance  which  happens  only  at  the  time  ot  the  equinoxes. 
In  proportion  as  the  earth  recedes  from  thofe  points, 
the  fun  alfo  goes  out  of  the  plane  of  the  equator,  and 
approaches  that  of  the  one  or  other  of  the  tropics  ; the 
fernidiameter  of  the  earth,  then  expofed  to  the  fun, 
being  unequal  to  what  it  was  in  the  former  cafe,  the 
equator  is  more  powerfully  attraCted  than  the  reft  of  the 
globe,  which  caufes  fome  alteration  in  its  pofition, 
and  its  inclination  to  the  plane  of  the  ecliptie  : and  as 
that  part  of  the  orbit,  which  is  comprifed  between  the 
autumnal  and  vernal  equinox,  is  iefs  than  that  which  is 
comprifed  between  the  vernal  and  autumnal,  it  follows, 
that  the  irregularity  caufed  by  the  fun,  during  his  paf- 
fage  through  the  northern  figns,  is  not  entirely  com- 
penfated  by  that  which  he  caufes  during  his  paffags 
through  the  fouthern  figns  ; and  that  the  parallelifm 
of  the  terreftrial  axis,  and  its  inclination  to  the  ecliptic,. 
Is  thence  a little  altered. 

The  like  effedt  which  the  fun  produces  upon  the 
earth,  by  his  attraction,  is  alfo  produced  by  the  moon, 
which  aCts  with  greater  force,  in  proportion  as  file  is^ 
more  diilant  from  the  equator.  Now,  at  the  time 
when'  her  nodes  agree  with  the  equinoxial  points,  her 
greateft  latitude  is  added  to  the  greateft  obliquity  of  the. 
ecliptic.  At  this  time  therefore,  the  power  which 
caufes  the  irregularity  in  the  pofition  of  the  terreftrial 
axis,  aCls  with  the  greateft  force  ; and  the  revolution 
of  the  nodes  of  the  moon  being  performed  in  18  years 
7 months,  hence  it  happens  that  in  this  time  the  nodes 
will  twice  agree  with  the  equinoxial  points  ; and  con- 
fequently,  twice  in  that  period,  or  once  every  9 years,, 
the  earth’s  axis  will  be  more  influenced  than  at  any 
other  time. 

That  the  moon  has  alfo  a like  motion,  is  fiiewn  by 
Newton,,  in  the  firfl  book  of  the  Principia  ; but  he 
obferves  indeed  that  this  motion  rauft  be  very  fmall,.,' 
and  fcarcely  fenfible. 

As  to  the  hiftory  of  the  Nutation,  it  feems  there  have 
been  hints  and  fnfpicions  of  the  exiftence  of  fuch  a cir- 
cumftance,  ever  fince  Newton’s  difeovery  of  thefyflem? 
of  the  univerfal  and  mutual  attraction  of  matter  ; fome 
traces  of  which  are  found  in  his  Principia,  as  above 
mentioned. 

We  find  too,  that  Flamftced  had  hoped,  about  the 
year  1690,  by  means  of  the  ftars  near  his  zenith,  to 
determine  the  quantity  of  the  Nutation  which  ought  to 
follow  from  the  theory  of  Newton  ; but  he  gave  up  that 
project,  becaufe,  fays  he,  if  this  efieCt  exifis,  it  mud 
lernain  Infenfible  till  we  have  inftruments  much  longer 
than  7 feet,  and  more  folid  and  better  fixed  than  mine. 
Hilt.  Casleft.  vol.  3,  pa,  113. 

And  Horrebow  gives  the  following  paflage,  extract- 
ed from  the  manuferipts  of  his  mafter  Roemer,  who  died 
In  1710,  whofe  obfeivations  he  publifhed in  i753>  un- 
der 
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<fer  the  title  of  Bafts  AJlronomia,  By  this  paragftiph  it 
appears  that  Roemer  lufpefted  alfo  a Nutation  in  the 
earth’s  axis,  and  had  fome  hopes  to  give  the  theory  of 
it : it  runs  thus ; “ Scd  de  altitudinibus  non  perinde 
certus  reddebar,  tarn  ob  refrattionum  varietatem  quam 
ob  aliam  nondura  liquido  perfpedlam  caufam  ; fcilicet 
per  hos  duos  annos,  quemadmodum  & alias,  experius 
iuin  effe  quandain  in  declinationibus  varietatem,  quae 
nec  refraction ibus  nec  parallaxibus  tribui  potell,  line 
dubio'ad  vacillationem  aliquam  poli  terreftris  referen- 
dam,  cujus  me  verifimilem  dare  poffe  theoriam,  obfcr- 
vationibus  munitam,  fpero.”  Balls  Aftronomiae,  1735, 
pa,  66. 

Thefe  ideas  of  a Nutation  would  naturally  prefent 
themfelves  to  thofe  who  might  perceive  certain  changes 
in  the  declinations  of  the  (tars  ; and  we  have  feeri  that 
the  firft  fulpicions  of  Bradley  in  1727,  were  that  there 
was  lome  Nutation  of  the  earth’s  axis  which  cauled  the 
ftar  y Draconis  to  appear  at  times  more  or  lefs  near 
the  pole  ; but  farther  oblervations  obliged  him  to  fearch 
another  caufe  for  the  annual  variations  (art.  Aberra- 
tion) : it  was  not  till  fome  years  after  that  he  dif- 
covered  the  fecond  motion  which  we  now  treat  of,  pro- 
perly called  the  Nutation.  See  the  art.  Star,  pa.  coo 
&:c,  where  Bradley’s  difcovcry  of  it  is  given  at  length  ; 
to  which  may  be  farther  added  the  following  fummary. 

For  the  better  explaining  the  difcovery  ot  the  Nuta- 
tion by  Bradley,  we  mull  recur  to  the  time  when  he 
obferved  the  liars  in  difcovering  the  aberration,  lie 
perceived  in  1 728,  that  the  annual  change  of  declination 
in  the  liars  near  the  equinoxial  colure,  was  greater  than 
what  ought  to  refult  from  the  annual  preceffion  of  the 
equinoxes  being  fuppofed  50^',  and  calculated  in  the 
iifual  way  ; the  liar  >3  Urfae  Majoris  was  in  the  month 
of  September  1728,  20''  more  fouth  than  the  pre- 
ceding year,  which  ought  to  have  been  only  18^^; 
from  whence  it  would  follow  that  the  pieceiTion  of  the 
equinoxes  Ihould  be  inllcad  of  50^^  without  aferib- 

incr  the  difference,  between  the  18  and  20'^  to  the  in- 
jftrument,  becaufe  the  liars  about  the  folllitial  colure  did 
not  give  a like  difference.  Philof.  IVanfl  vol.  35,  pa.  659. 

In  general,  the  liars  fituated  near  the  eqninoClial 
colure  had  changed  their  declination  about  more 
than  they  ought  by  the  mean  precelTion  of  the  equi- 
noxes, the  quantity  of  which  is  very  well  known,  and 
the  liars  near  the  folllitial  colure  the  lame  quantity  lefs 
than  they  ought  ; but,  Bradley  adds,  whether  thefe 
fmall  variations  arife  from  fome  regular  caufe,  or  are 
occafioned  by  fome  change  in  the  fedlor,  1 am  not  yet 
able  to  determine,  Bradley  therefore  ardently  con- 
tinued his  obfervations  for  determining  the  period  and 
the  law  of  tliefe  variations  ; for  which  purpofe  he  redded 
almoll  continually  at  Wanlted  till  1732,  when  he  was 
obliged  to  repair  to  Oxford  to  fucceed  Dr,  Halley  ; 
he  llill  continued  to  obferve  with  the  fame  exadlnefs 
all  the  circumllances  of  the  changes  of  declination  in  a 
great  number  of  liars.  Each  year  he  faw  the  periods 
of  the  aberration  confirmed  according  to  the  rules  he 
had  lately  difeovered  ; but  from  year  to  year  he  found 
alfo  other  differences ; the  Ears  fituated  between  the 
vernal  equinox  and  the  winter  folEice  approached  nearer 
to  the  north  pole,  while  the  oppofite  ones  receded 
farther  from  it : he  began  therefore  to  furpe6l  that  the 
adlion  of  the  moon  upon  the  elevated  equatorial  parts  of 


the  earth  might  caufe  a variation  or  libration  in  the 
earth’s  axis;  his  fedlor  having  been  left  fixed  at  Wan- 
fled,  he  often  went  there  to  make  obfervations  for  many 
years,  till  the  year  1747,  wFen  he  was  fully  latisfied  of 
the  caufe  and  effedls,  an  account  of  which  he  then 
communicated  to  the  world.  Philof.  Tranf.  vol.  45> 
an. 1748. 

On  account  of  the  inclination  of  the  moon’s  orbit 
to  the  ecliptic,  lays  Dr.  Mafleelyne  ( AEronomical  Ob- 
fcrvatioiis  1776,  pa.  2),  and  the  revolution  of  the  nodes 
in  antecedentia,  which  is  performed  in  18  years  and  7 
months,  the  part  of  the  precelEon  of  the  equinoxes, 
owing  to  her  action,  is  not  uniform  : but  fubj^ct  to  an 
equation,  whole  maximum  is  18'^'':  and  the  obliquity 
of  the  ecliptic  is  alfo  fubjedl  to  a periodical  equation  of 
q''''55;  being  greater  by  19*1'''  when  the  moon’s  afeend- 
ing  node  is  in  Aries,  than  when  it  is  in  Libra.  Both 
tliefe  effects  are  reprefented  togetlier,  by  fuppofing  llir. 
pole  of  tlie  earth  to  delViibe  the  periphery  of  an  elliplis, 
ill  a retrograde  manner,  during  each  period  of  the: 
moon’s  nodes,  the  greater  axis,  lying  in  the  lolditiai 
colure,  being  19*  Lb  and  the  leEcr  axis,  lying  in  the 
cquinodlial colure,  14*2";  being  to  the  greater,  as  the 
colirie  of  double  the  obliquity  of  the  ecliptic  to  the 
coliiie  of  the  obliquity  itfelf.  This  motion  of  the  pole 
of  the  earth  is  called  the  Natation  of  the  earth’s  axis, 
and  was  difeovered  by  Dr.  Bradley,  by  a feries  of  obfer- 
vatloiis  of  feveral  Ears  made  in  the  courfe  of  20  years, 
from  1727  to  1747,  being  a continuation  of  thofe  by 
which  he  had  difeovered  the  aberration  of  ligtit.  But 
the  exadl  law  of  the  motion  of  the  earth’s  axis  has  been 
fettled  by  the  learned  mathematicians  d’Alembert, 
Euler,  and  Simpfon,  from  the  principles  of  gravity. 
The  equation  hence  arifing  in  the  place  of  a fixed  Ear, 
whether  in  longitude,  right-afcenfion,  or  declination- 
(for  the  latitudes  are  not  aEedled  by  it)  has  been  fome- 
times  called  Nutation,  and  fometimes  Deviation.”  And 
again  (fays  the  Doclor,  pa.  8),  the  above  “ quantity 
19*1  \ of  the  greateE  Nutation  of  the  earth’js  axis  in 
’ the  folllitial  ctdiire,  Is  what  I found  from  a fcrupuloiis 
calculation  of  all  Dr.  Bradley’s  obfervations  of  y Dra- 
conis, wlilcli  he  was  pleafed  to  communicate  to  me  for 
that  purpofe.  From  a like  exauEnatlon  of  his  obferva- 
tion  of  » Urfee  majoris,  I found  the  leEer  axis  of  the 
eliipfis  of  Nutation  to  be  14*1'/,  or  only  of  a 

fecond  lefs  than  what  it  ihould  be  from  the  oblervatlon-s 
of  y Draconis.  But  the  refult  from  the  obfervations 
of  y Draconis  is  inoE  to  be  depended  upon.” 

Mr.  Machin,  fecretary  of  the  Royal  Society,  to 
whorn  Bradley  com.mnnicated  his  conjeAurcs,  foon  per- 
ceived that  it  would  be  fuffieient  to  explain,  both  the 
-Nutation  and  the  change  of  the  preceEion,  to  fuppofc 
that  the  pole  of  the  earth  deferibed  a fmall  circle.  He 
Eated  the  diameter  of  this  circle  at  18”,  and  he  fup- 
pofed that  it  was  deferibed  by  the  pole  in  the  fpace  of 
one  revolution  of  the  moon’s  nodes.  But  later  calcu- 
lations and  theory,  have  Eiewn  ti:at  the  pole  deferibes 
a fmall  eliipfis,  whofc  axes  are  19*1”  and  14:2'^,  as 
above  mentioned. 

To  Ihew  the  agreement  between  the  theory  and  ob- 
fervations, Bradley  gives  a great  multitude  of  obferva- 
tions of  a number  of  Ears,  taken  in  diE'erent  pofitions  ; 
and  out  of  more  than  300  obfervations  which  he  made, 
he  found  but  11  which  were  different  from  the  mean  bv. 

i'e 
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fo  mucli  as  2^'.  And  by  the  Cuppofition  of  the  eiliptic 
lotatioii,  the  agreement  of  the  theory  with  obfei  vation 
comes  out  ilill  nearer. 

By  the  obfervations  of  1740  and  1741,  the  flar  v 
Uidfe  majoris  appeared  to  be  farther  from  the  pole 
than  it  ought  to  be  according  to  the  obfervations  of 
other  years.  Bradley  thought  this  difference  arofe 
from  fome  particular  caufe  ; which  however  was  chiefly 
the  fault  of  the  circular  hypothefis.  Pie  fufpedted  alio 
that  the  fituation  of  the  apogee  of  the  moon  might  have 
Pome  influence  on  the  Nutation.  Pie  invited  therefore 
the  mathematicians  to  calculate  all  thefe  effedls  of  at- 
tradtion,  which  has  been  ably  done  by  d’Alembert, 
Euler,  Walmefley,  Simpfon,  and  others  ; and  the  aftro- 
nomers  to  continue  to  ohfeive  the  pofitions  of  the 
fmalleil  ftars,  as  well  as  the  larged,  to  difcover  the  phy- 
fical  derangements  which  they  may  fuffer,  and  which 
had  been  obferved  in  fome’of  them. 

Several  effecds  arife  from  the  Nutation.  The  fird 
cd  thefe,  and  that  which  is  the  mod  eafily  perceived, 
is  the  change  in  the  obliquit)''  of  the  ecliptic  ; tlie  quan*- 
tity  of  which  ought  to  be  varied  from  that  caufe  by  18" 
in  about  9 years.  Accordingly,  the  obliquity  of  the 
ecliptic  was  obferved  in  176410  be  23°  28^  15'^  and 
in  175:3  only  23°  28^  5''':  not  only  therefore  had  it 
not  diminidied  by  8 A as  it  oughtto  have  done  accord- 
ing to  the  regular'  mean  diminution  of  that  obliquity  ; 
but  it  had  even  augmented  by  ro'"';  making  together 


1 8 ''6  for  the  efFefi  of  the  Nutation  in  the  9 years. 

The  Nutation  changes  equally  the  longitudes,  the 
right-afeendons,  and  the  declinations  of  the  dars,  as 
before  obferved  ; it  is  the  latitudes  only  w'hich  it  does 
not  affect,  b'ecaufe  the  ecliptic  is  immoveable  in  the 
theory  of  the  Nutation, 

Dr.  Bradley  ilindrates  the  foregoing  th-eory  of  Nuta- 
tion iii  the  following' manner.  Let  P-  reprefent  the 
mean  place  of  the  pole  of  the  equator,  about  which 
point,  as  a centre,  foppofe  the 
true  pok-  to  move  in  the  fmall 
circle  A BCD,  wliofe  diameter 
is  I S'".  Let  E be  the  pole  of  the 
ecliptic,  and  EP  he  equal  to  the 
mean  didance  between  the  poles 
of  the  equator  and  ecliptic;  and 
fuppofe  tiie  true  pole  of  the  c- 
quator  to  be  at  A,  when  tlie 
moon’s.afccnding  node  is  in  the 
beginning  of  Aries  ; and  at  B, 

when  the  node  gets  bae-k  to  Capricorn  ; and  at  C,  when 
the’fame  node  is  in  Idbra  ; at  w’hich  time  tlie  uonh 
pole  of  the  equator  being  nearer  the  north  pole  of  tlie 
ecliptic,  by  the  whole  diameter  of  the  little  circle  AC, 
equal  to  the  obliquity  of  tlie  ecliptic  will  then 

be  fo  much  lels  than  it  was,  when  the  moon’s  afeending 
node  was  in  Aries,  Tlie  point  P is  fuppofed  to  move 
round  E,  with  an  equal  retrograde  motion,  anfwerable 
to  the  mean  precedion  ariflng  from  the  joint  adlions  of 
the  fun  and  moon  : while  the  true  pole  of  the  equator 
moves  round  P,  in  the  circumference  A BCD,  with  a- 
retrqgrade  morion  hkewife,  in  a period  of  the  moon’s 
nodes,  or  of  18  years  and' 7 months.  By  tlris  means, 
when  the  moon's  afeending  node  is  in  Aries,  and  the 
Hue  pole  of  the  equator,  at  A,  is  rnoving  from  A 
towares  B ; it:  will  approach  the  dars  that  comC  to  the 


meriiffaii  with  the  fun  about  the  vernal  equinox,  and 
recede  from  thofe  that  come  with  the  fun  near  the 
autamnai  equinox,  fader  than  the  mean  pole  P does. 
So  that,  while  the  moon’s  node  goes  back  from  Aries 
to  Capricorn,  the  apparent  preceffion  will  feem  fo  muck 
greater  than  the  mean,  as  to  caufe  the  dars  that  lie  in 
the  equinodfial  colure  to  have  altered  their  declination 
9^',  in  about  4 years  and  8 months,  more  than  the 
mean  preceffion  would  do;  and  in  the  fame  time,  the 
north  pole  of  the  equator  wall  feem  to  ha,ve  approached 
the  dars  that  come  to  the  meridian  wdth  the  fun  of  our 
wdnter  ioldice  about  and  to  have  receded  as  much 
from  thofe  that  come  with  the  fun  at  the  fummer  fol- 
dice. 

Thus  the  piienomena  before  recited  are  in  general 
conformable  to  this  hypothefis.  But  to  be  more  par- 
ticular ; let  B-  be  the  place  of  a dar,  PS  the  circle  of 
declination -paffing  through  it,  reprefenting  its  didance 
from  the  mean  pole,  and  q'^PS  its  mean  right-afcenfion. 
Thus  if  O and  R be  the  points  where  the  circle  of  de- 
clination cuts  the  little  circle  ABCD,  the  true  pole 
will  be  neared  that  dar  at  O,  and  fartiied  Bom  it  at  R; 
the  whole  difference  amounting  to  18",  or  to  the 
diameter  of  the  little  circle.  As  the  true  pole  of  the 
equator  is  fuppofed  to  be  at  A,  wdien  the  moon’s 
afeending  node  is  in  Aries  ; and  at  B,  when  that  node 
gets  back  to  Capricorn  ; and  the  angular  motion  of  the 
true  pole  about  P,  is' iikewife  fuppofed  equal  to  that 
of  the  moonk  node  about  E,  or  the  pole  of  the  ecliptic; 
fmee  in  thefe  cafes  the  true  pole  of  the  equator  is  90 
degrees  before  the  moon’s  afeending  node,  it  mud  be 
lo  in  all  others. 

When  the  true  pole  is  at  A,  it  will  be  at  the  fame 
diflanOe  from  the  dars  that  he  in  the  eqninetfiai  coiure, 
as  the  'mean  pole  P is ; and  as  the  true  pole  recedes 
back  from  A towards  B,  iq  wall  approach  the  dars 
which  lie  in  that  part  of  the  colure  reprefented  by  P^, 
and  recede  from  thofe  that  lie  in  P=^;  not  indeed  with 
an  equable  motion,  but  in  the  ratio  of  the  fine  of  the 
diflance  of  the  moon’s  node  from  the  beginning:  6f  Aries. 
Por  if  the  node  be  iuppofed  to  have  gone  backwards 
from  Aries  30“,  or  to  the  beginning  cT  Pifees,  the 
point  which  reprefents  the  place  of  the  true  pole  will^ 
in  tlie  mean  time,  have  moved  in  the  little  circle  through 
an  arc,  as  AO,  of  30^  Iikewife  ; and  wmuld  therefore 
in  ededt  have  approached  the  dars  that  lie  in  the  equi- 
noctial colure  PTj  tind  have  receded  from  thofe  that 
lie  in  F =!i:  by  4^  feconds,  wddeh  is  the  fine  of  30°  to 
the  radius  AP.  For  if  a perpendicular  fall  from  O 
upon  AP,  it  may  be  conceived  as  part  of  a great  cir- 
cle, paifmg  tlirough  the  true  pole  and  any  itar  lying 
in  the  equinoctial  colure.  Now'-  the  fame  proportion 
that  holds  in  thefe  dars,  will  obtain  Iikewife  in  all  others ; 
and  from  hehce  we  may  colleCr  a general  ride  for  finding 
how  much  nearer,  or  farther,  a»iy  dar  is  to,  or  from, 
the  mean  pole,  in  anv  given  pofition  of  the  moon’s 
node. 

For,  1^  f?-om  fie  r'lght-afcenfian  of  the  ftar,  sxv  fultraB 
the  cJj/lance  of  the  moon^s  afeending  node  from  Airies  / ditn 
radius  will  he  to  the  fine  of  the  remainder,  as  o"  is  to 
the  number  of  feconds' that- the  far  is  nearer  to^  or  jariher 
fronif  the  true,,  than  the  mean  pole. 

T'his  motion  of  the  true  pole,  about  the  mean  at  P, 
will  alfo  produce  a change  in  the  right-afcendon  of  the- 

dars, 


i^ars,  and  *111  the  places  of  the  equinoctial  poirxts,  as 
well  ’s  in  the  obliquity  of  the  ecliptic  ; and  the  quan- 
tity of  the  equations,  in  either  of  thefe  cafes,  may  be 
eafily  computed  for  any  given  pofition  of  the  moon’s 
nodes*  ‘ : 

Dr.  Bradley  then  proceeds  to  find  the  exaCl  quantity 
of  the  mean  precellion  of  the  equinoClial  points,  by 
comparing  Ins  own  obfervations  made  at  Greenwich, 
with  thoic  of  Tycho  Brahe  and  others  ; the  mean  of  all 
which^hc  ftatcs  at  i .degree  in  7 if  years,  or  per 

yearj  u’n  order  to  fliew  the  agreement  of  the  foregoing 
hypothens  with  the  phenomena  themfelves,  of  the  al- 
terations in  the  polar  diffances  of  the  liars  j the  con- 
clufions  from  which  approach  as  near  to  a Coincidence  as 
could  be  expeCled  on  the  foregoing  circular  hypothefis, 
the  diameter  of  which  is  18'/;  inftead  of  the  more 
aecui4te  quantity  19- G',  as  deduced  by  Dr.  Maflcelyne, 
and  the  elliptic  theory  as  determined  by  the  mathe- 
maticians, in  which  the  greater  axis  (19*1'^)  is  to  the 
lefs  axis  ( 14*2^'),  as  the  coiine  of  thegrcatell  declination 
is  to  the  coline  of  double  the  fame. 

To  give  an  idea  now  of  the  Nutation  of  the  flars,  in 
longitude,  right- afcenfion,  and  declination  ; fuppofe 
the  pole  of  the  equator  to  be  at  any  time  in  the  point 
O,  alfo  S the  place  of  any  far,  and  OH  perpendicular 
to  AE  : then,  like  as  AE  is  the  folftitial  colure  when 
the  pole  of  the  equator  was  at  A,  and  the  longitude  of 
the  liar  S equal  to  the  angle  AES  ; fo  OE  is  the  fol- 
flitial  colure  when  that  pole  is  at  O,  and  the  longitude 
is  then  only  the  angle  OES  ; lefs  than  before  by  the 
angle  AEO,  which  therefore  is  the  Niita^tion  in  longi- 
tude : counting  the  longitudes  from  the  folltitiai  inhead 
of  the  equinoctial  colure,  from  which  they  differ  equally 
by  90  degrees,  and  therefore  have  the  fame  difference 
AEO,  Now  the  angle  AEO  will  be  as  the  line 
HO  1=  fin.  AO  to  radius  PB  = fin.  AO  X PB  = 
fin.  AO  X 9^0  therefore  as  EO  : HO  : : radius  i : 

KO  fin.  AO  X 9^^  fin.  node  X 9'' 

~ , fince  AO 


EO  fin.  23°  28' 


fm.  23°  2b' 


is  equal  to  longitude  of  the  moon’s  node.  Tin’s  cx- 
prelfion  therefore  gives  the  Nutation  in  longitude,  fup- 
pofing  the  maximum  of  Nutation,  with  Bradley,  to  be 
J.8'/ ; and  it  is  negative,  or  mull  be  fubtraCled  from  the 
mean  longitude  of  the  liars,  when  the  moon’s  node  is 
in  the  firlt  6 figns  of  its  longitude,  but  additive  in  the 
latter  6,  to  give  the  true  apparent  longittule. 

This  equation  of  the  Nutation  in  longitude  is  the 
fame  for  all  the  liars  ; but  that  for  the  declination  and 
right-afeenfion  is  various  for  the  different  liars.  In  the 
foregoing  figure,  PS  is  the  mean  polar  dillance,  or 
mean  codeclination,  of  the  liar  S,  when  the  true  place 
of  the  pole  is  O ; and  SO  the  apparent  codeclinatioii  ; 
alfo,  the  angle  SPE  is  the  mean  right-afeenfion,  and 
SOE  the  apparent  one,  counted  from  the  folltitiai  co- 
lure ; confequeiitly  OPS  or  OPE  the  difference  between 
the  right-afeenffon  of  the  liar  and  that  of  the  pole, 
which  is  equal  to  the  longitude  of  the  node  increafed 
by  3 figns  or  90  degrees ; fuppofing  OE  to  be  a 
fmall  arc  perpendicular  to  the  circle  of  declination 
PFS;  then  is  SF  ~ SO,  and  PF  the  Nutation  in 
declination,  or  the  quantity  the  declination  of  the  liar 
has  increafed  ; but  radius  i : 9/'  ; : cofin,  OPF  : 
i^F  = 9''  X cof.  OPF  5 fo  that  the  equation  of  decIE 
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nation  will  be  found  by  multiplying  9'''  by  the  fine  of 
the  liar’s  right-afcenfion  dimunilhed  by  the  longitude 
of  the  node  ; for  that  angle  is  the  complement  of  the 
angle  SPO.  This  Nutation  in  declination  is  to  be  added 
to  the  mean  declination  to  sxive  the  apparent,  when  its 
argument  does  not  exceed  6 figns  ; and  to  be  fubtraCled 
in  the  latter  6 figns.  But  the  contrary  for  the  liars 
having  feuth  declination. 

To  calculate  the  Nutation  in  right-afcenfion,  wc 
mull  find  the  difference  between  the  anHe  SOE  the 
apparent,  and  SPE  the  mean  right-afcenfion,  counted 
from  the  folllitial  coliire  EO.  Now  the  true  right- 
afcenfion  SOE  is  equal  to  the  difference  between  the 
two  vaiiable  armies  GOE  and  GOS  ; the  former  of 
which  arifes  from  the  change  of  one  of  the  variable 
circles  EO,  and  depends  only  on  the  fitnation  of  the 
node  or  of  that  of  the  pole  O ; the  latter  GOS  depends 
on  the  angle  GPS  which  is  tlie  difference  between  the 
right-afcenlion  of  the  liar  and  the  place  of  the  pole  O. 
Now  in  the  Iplierical  triangle  GPE,  which  changes 
into  GOE,  tlie  fide  GE  and  the  angle  G remain  con- 
llant,  and  tlie  other  parts  are  variable  ; hence  therefore 
the  Imall  variation  PO  of  the  fide  next  the  conflant 
angle  G,  is  to  the  fraall  variation  of  the  angle  oppofite 
to  the  conftant  fide  GE,  as  the  tangent  of  the  fide  PE 
oppofite  to  the  conilanc  angle,  is  to  tlie  fine  of  the 
angle  GPE  oppofite  to  the  conffant  fide  ; that  is,  as 


tang.  23°  2S' 


fin.  OPE 


X fin  ore 
tang.  23°  28^ 


the  difference  between  the  angles  GOE  and  GPE, 
This  is  the  change  which  the  Nutation  PO  produces  in 
the  angle  GPE,  being  the  firff  part  of  the  Nutation 
fought,  and  is  common  to  all  the  liars  and  planets.  It 
is  to  be  fubtradled  from  the  mean  riHit-afcenfion  In  the 

O 

firll  6 figns  of  the  longitude  of  the  node,  and  added  in 
the  other  fix. 

In  like  manner  is  found  the  chancre  which  the  Nuta- 
tion  produces  in  the  other  part  of  the  right-afcenfion 
SPE,  that  is,  In  the  angle  SPG,  wdiich  becomes  SOG 
by  the  elFeft  of  the  Nutation.  This  fmall  variation  will 
be  calculated  from  the  fame  analogy',  by  means  of  the 
triangle  SOG,  in  which  the  angle  G is  conftant,  as 
well  as  tire  fide  SG,  w'hilft  vS  P changes  into  SO.  Plence 
therefore,  tang.  SP  : fm.  SPG  : : 9'^ : variation  of  SPG, 
that  is,  the  cotangent  of  the  declination  is  to  the  cofine 
of  the  dillance  between  the  liar  and  the  node,  as  C)" 
are  to  the  quantity  the  angle  SPG  varies  in  becoming 
the  angle  SOG,  being  thefecond  part  of  the  Nutation 
in  right-afcenfion  ; and  if  there  be  taken  for  the  argu- 
ment, the  right-afcenfion  of  the  liar  minus  the  longitude 
of  the  node,  the  equation  will  be  fuhtraftive  in  the 
fnft  and  laft  quadrant  of  the  argument,  and  additive 
in  the  2d  and  3d,  or  from  3 to  9 figns.  But  the  con- 
trary for  liars  having  fouth  declination. 

This  fecond  part  of  the  Nutation  in  right-afceniion- 
affedls  the  return  of  the  fun  to  the  meridian,  and  there- 
fore it  mull  be  taken  into  the  account  in  computing 
the  equation  of  time.  But  the  former  part  of  the  Nuta* 
tion  does  not  enter  into  that  computation  ; becaufe  if 
only  changes  the  place  of  the  equinox,  without  chang- 
ing the  point  of  the  equator  to  which  a liar  correfponds, 
and  confequently  without  altering  the  duration  of  the 
returns  to  the  meridian. 
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All  tliefe  calculations  of  the  Nutation,  above  ex- 
plained, ai^e  upon  Machin’s  hypothefis,  that  the  pole 
defcribes  a circle  ; however  Bradley  himfelf  remarked 
that  foine  of  his  obfervations  differed  too  much  from 
that  theory,  and  that  fueh  obfervations  were  found  to 
agree  better  with  theory,  by  fuppofmg  that  the  pole, 
in 'lead  of  the  circle,  defcribes  an  ellipfe,  having  its 
kfs  axis  DB  rr  i6''  in  the  equlnodlial  coiiire,  and  the 
greater  axis  AC  =:  iS",  lying  in  the  folilitial  colure. 
But  as  even  this  corredlion  was  not  futficlent  to  caiife 
ail  the  Inequalities  to  dilappear  entirely,  Dr.  Bradley 
jeferrcd  the  determination  of  the  point  to  theoretical 
and  phyfical  inveftigation.  Accordingly  feveral  mathe- 
maticians undertook  the  tad:,  and  particularly  d’Alem- 
bert, in  his  Recherches  fur  la  precefhon  des  equinoxes, 
wliere  lie  determines  that  the  pole  really  defcribes  an 
ellipfe,  and  that  narrower  than  the  one  affamed  above 
by  Bradley,  the  greater  axis  being  to  the  lefs,  as  the 


cohne  of  23®  28'  to  the  cofine  of  double  the  fame. 
And  as  Dr.  Mafleelyne  found,  from  a more  accurate 
reduclion  of  Bradley’s  obfervations,  that  the  maximimi 
of  the  Nutation  gives  19M"  for  the  greater  axis^  there- 
fore the  above  proportion  gives  14*2''  for  tlie  lefs  axis 
of  it ; and  according  to  theie  data,  the  theory  and  ob- 
lervations  are  now  found  to  agree  very  near  together. 

See  La  Lande’s  Allroiu  vol.  3,  art.  2S74  &c,  where 
lie  makes  the  corredtions  for  the  ellipfe.  lie  obferves 
however  that  by  the  circular  hypothefiS  alone,  the  com- 
putations may  be  performed  as  accurately  as  the  ob- 
fervations can  be  made  ; and  he  concludes  with  fome 
corrections  and  rules  for  computing  the  Nutation  in  the 
elliptic  theory. 

The  following  fet  of  general  tables  very  readily  give 
the  effedl  of  Nutation  on  the  elliptical  hypothefis ; they 
were  calculated  by  the  late  M.  Lambert,  and  are  taken 
from  the  Connoillance  des  Temps  for  the  year  1788, 


General  Tables  for  Nutation  in  the  Ellipfe. 
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28 

3-69 

6’66 

7 ’84 

28 

0*54 

0-97 

1*13 

2 

28 

7*25 

^3-09 

15-42 

2 

29 

3-81 

673 

7-83 

1 

29 

0-56 

0-99 

1*15 

i 

29 

7*48 

D*23 

1 5*43 

j 

30 

3*93 

6“8o 

7-85 

0 

30 

0*58 

1*00 

1-15 

0 

30 

7*71 

13-36 

15*43 

-f  ~ 



4- 

De- 

4.  _ 

4-  - 

De- 

- + 

- L 

- 4- 

De- 



i 

! 

4*  JO 

3D 

grees 

5’i  I 

4'io 

3*9 

grees 

5'i  I 

4*10 

3'9 

grees 

NUT 


7 he  life  of  the  TahUs* 


[ 753  I S T E 

pa.  700;  Simpfon^s  MiTcellaneous  Tra(5lg,  pa.  r;'  and 
other  authors. 


The  right-afcenfion  of  a har  minus  the  moon’s  mean 
Fongitude,  gives  the  argument  of  the  hidl  of  thefe  three 
Sables.  The  fura  of  the  fame  two  quantities  gives  the 
argument  of  the  2d  table.  Then  the  fum  or  the  dif- 
ference of  the  quantities  found  with  thefe  two  argu- 
ments, will  g:!ve  the  corre.db'on  to  be  applied  to  the  mean 
declination  of  the  har,  if  it  is  north  declination  ; but 
if  it  is  louthern,  the  figns  -f  or  --  are  to  be  changed 
into  ~ and 

From  each  of  thofe  tw^o  arguments  for  the  declination 
fubtraTing  3 ligns,  or  90°,  gives  the  arguments  for 
correfhing  the  right- afcenfion  ; the  fum  or  difi'erence 
of  the  quantities  found,  with  thefe  two  ai'guments,  in 
tables  I and  2,  is  to  be  multiplied  by  the  tangent  of 
the  liar’s  declination,  and  to  the  produdt  is  to  be  added 
the^  quantity  taken  out  of  table  3,  the  argument  of 
which  is  the  mean  longitude  of  the  moon’s  afeending 
node  ; when  the  declination  of  the  ftar  is  fouth,  the 
tangent  w^ill  be  negative. 

'Example,  To  find  the  Nutation  in  right-afeenfion 
and  declination  for  the  flar  a Aquilse,  the  ill  of  Ttilv 
5788.  ^ ^ 

Right-afeenfion  of  the  ftar  q*  25®  7^ 

Long,  of  the  moon’s  node  8 13  40 

— it 

Diff.  being  argument  i,  I 9 27  -f-  4*99 

Sum,  argument  2,  - - 6 lo  47—0*22 

Correflion  of  the  declination  - - - -f  4*77 


The  above  two  arguments  being  each  dlminiflied  by  3 
iigns,  give, 

s O ' '< 

Argument  r 10  9 27  — 6*o6 

Argument  2 ------  - 3 lo  47  T 1*13 


Declin.  of  ftar  north,  its  tangent  - - 

The  produ.dl  is  ------ 

Long,  of  the  (f ’s  node,  argiim.  3.'  - 

Correflion  of  right-afeenfion  - - - 


0*146 


~ 0*72 

+ 14*94 


4-  14-22 


s 

STEAM.  The  oBfervations  on  the  dlfterent  degrees 
of  temperature  acquired  by  wuiter  in  boiling,  under 
different  preffiires  of  the  atmofpliere,  and  the  formation 
of  the  vapour  from  water  under  the  receiver  of  an  air-- 
pump,  when,  with  the  common  temperatures,  the  pref- 
iurc  is  diminilhed  to  a certain  degree,  have  taught  iis^ 
that  the  expanfive  force  of  vapour  or  Steam  is  different 
in  the  different  tenvperatures,  and  that  in  general 
it  increafes  in  a variable  ratio  as  the  temperature  is 
raifed. 

But  there  was  w^anting,  on  this  important  fiibjeT, 
a fmes  of  exaCl  and  dircdl  experiments,  by  means  of 
which,  having  given  the  degree  of  temperature  in- 
boiling  water,  we  niay  know  tlie  expanfive  force  of  the 
Steam  rifingfrom  it  j and  vice  verla.  Fhere  was  want-^ 
ing  alfo  an  analyiical  theorem,  exprefiing  the  relation- 
between  the  temperature  of  boiling  water,  and  the  pref- 
fure  with  which  the  force  of  its  Steam  is  in  equilibrium]. 
Thefe  circumftances  then  have  lately  been  accomplifhed' 
by  M.  Betancoiiit,  an  ingenious  Spanifh  philofopher, 
the  particulais  of  which  are  deicribed  in  a memoir  com- 
municated to  the  French  Academy  of  Sciences  in  1790, 
and  ordered  to  be  printed  in  their  colleciion  of  the 
Works  of  Strangers. 

The  apparatus  wdiich  M.  Betancourt  makes  ufe  of,- 
js  a copper  veffel  or  boiler,  with  its  cover  firmly  fol- 
dered  on.  ’I  he  cover  has  three  holes,  which  clofe  up 
with  fci ews  ; the  firft  is  to  put  the  w’^ater  in  and  out 
through  the  fccond  paffes  the  Item  of  a thermometer, 
which  has  the  whole  of  its  (cale  or  graduations  above 
the  veffel,  and  its  ball  within,  where  it  is  iinmerfed 
either  in  the  water  or  the  Steam  according  to  the  dif- 
ferent circumftances ; through  the  third  hole  paft'es  a 
tube  making  a communication  bet\v<ien  the  cavity  of 
the  boiler  and  one  branch  of  an  inverted  fyphon,  which, 
containing  mercury,  adts  as  a barometer  for  meafuring 
the  preflure  of  the  elaftic  vapour  w'ithin  the  boiler. 
There  is  a fourth  hole,  in  the  ftde  of  the  veffel,  into 
which  ls_  Inferted  a tube,  with  a turn-cock,  making  a 
communicaf ion  with  the  receiver  of  an  air-pump,  for 
extracting  the  air  from  the  boiler,  and  to  prevent  its- 
return. 


Tn  general,  let  S3  denote  the  longitude  of  the  moon’s 
?ircendrng  node;  r the  right-afeenfion  of  a ftar  or  planet; 
^/its  declination  ; the  Nutation  in  declination  and  right- 
afeenfion  will  be  exprefted  by  the  two  following  for- 
mulae ; \iz\  the  Nutation  in  declination 

= 7 ’85  X fin.  (r  — f3  ) -f-  5 X fin.  (r  4-  g ; 

and  the  Nutation  in  right-afeenfion 

- [7''*85  X fin.  (r  - S3  ~ 90°)  4-  x fin. 

S3  ~ 90°)]  x tang.  15 ^'*4 3 x fin.  S3. 
For  the  mathematical  inveftigation  of  the  effedfs  of 
univerfal  attradflon,  in  producing  the  Nutation,  Uc 
fee  d’Alembert’s  Recherches  fur  la  Precefiion  des  Equi- 
noxes ; Silvabelle’s  Treatife  on  the  Preceffion  of  the 
Equinoxes  &c,  in  the  Philof.  Tranf.  an.  1754,  p.  38c* 
Walinefley’s  treatife  De  Praeceffione  Equinodliorum  et 
Axis  Terras  Nutation e,  in  the  Philof.  Tranf.  an.  i7c6, 
VoL.  11,  ’ 


_ The  apparatus  being  prepared  in  good  order,  and 
diftilled  water  introduced  into  the  boiler  by  the  firft: 
hole,,  and  then  flopped,  as  well  as  the  end  of  the  in- 
verted (yphon  or  barometer,  M.  Betancourt  furrounded 
the  boiler  with  ice,  to  lower  the  temperature  of  the 
\\  afer  to  the  treezing  point,  and  then  extradfing  all  the 
air  from  the  boiler  by  means  of  the  air-pump,  the  dif- 
ference between  the  columns-  of  mercury  in  the  two 
branches  of  the  barometer  is  the  meafure  of  the  fpiing 
of  the  vapour  arifing  from  the  water  in  that  temperature 
Then,  lighting  the  fire  below  the  boiler,  he  raifed* 
gradually  the  temperature  of  the  water  from  o to  no 
degrees  of  Reaumur’s  thermometer  ; being  the  fame 
as  from  32  to  212  degrees  of  Fahrenheit’s;  and  for 
each  degree  of  elevation  in  the  temperature,  he  obferved 
the  height  of  the  column  of  mercury  which  meafureL 
the  elafticity  or  prefi'ure  of  the  vapour. 

The  refults  of  M.  Betancourt’s  experiments  are  con. 
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tamed  in  a table  of  four  columns,  which  are  but  little 
^different,  according  to  the  different  quantities  of  water 
in  the  veffel.  It  is  here  obfervable,  that  the  increafe 
in  the  expanGve  force  of  the  vapour,  is  at  Grfl  ^very 
flow  ; but  gradually  increafing  fader  and  fafter,  till  at 
laft  it  becomes  very  rapid.  Thus,  the  ftrength  of  the 
vapour,  at  8o  deg’rees,  is  only  equal  to  2%  French  indies 
of  mercury  ; but  at  no  degrees  it  is  equal  to  no  iefs  than 
.98!  nches,  that  is  3 times  and  a half  more  for  the  in- 
,creafe  of  only  .30  degrees  of  heat. 

To  exprefs  analytically  the  relation  between  the  de- 
grees of  temperature  of  the  vapour,  and  its  expanGve 
force,  this  author  employs  a method  devifed  by  M. 
Prony.  This  method  confiffs  in  conceiving  the  heights 
of  the  columns  of  mercury,  meafuring  the  expanGve 
force,  to  reprefent  the  ordinates  of  a curve,  and  the 
■deorees  of  heat  as  the  abfeiffes  of  the  fame  ; making 
the  ordinates  equal  to  the  fum  of  feveral  logarithmic 
ones,  which  contain  two  iiideterminates,  and  determin- 
ing thefe  quantities  fo  that  the  cut  ve  may  agree  with  a 
good  number  of  obfervations  taken  throughout  the 
whole  extent  of  them.  Then  conffr lifting  the  curve 
v/hich  refults  immediately  from  the  experiments,  and 
that  given  by  the  formula,  thefe  two  curves  are  found 
to  coincide  almo-ft  perfedly  together  ; the  fmall  diffe- 
rences being  doubtlefs  owing  to  the  little  irregularities 
in  the  experiments  and  in  dividing  the  fcale ; fo  that 
the  phenomena  may  be  confidered  as  truly  reprefented 
by  the  formula. 

M.  Betancourt  made  alfo  experiments  with  the  va- 
pour from  fpirit  of  wine,  Gmilar  to  thofe  made  with 
water  ; conffriifling  the  curve,  and  giving  the  formula 
proper  to  the  fame.  From  which  is  derived  this  re- 
markable refult,  that,  for  any  one  and  the  fame  degree 
of  heat,  the  ftrength  of  the  vapour  of  fpirit  of  wine, 
is  to  that  of  water,  always  in  the  fame  conftant  ratio, 
viz,  that  of  7 to  3 very  nearly  ; the  ftrength  of  the 
former  being  always  2|  times  the  ftrength  of  the  latter, 
with  the  fame  degree  of  heat  in  the  liquid. 

Of  the  Formula^  or  Fqiiatton  to  the  Carve, 

The  equation  to  the  curve  of  temperature  and  pref- 
fure,  denoting  the  relation  between  the  abfeifles  and 
ordinates,  or  between  the  temperature  ef  the  vapour 
and  its  ftrength,  is,  for  water, 


rlt 


4*689760 
~ 0*058622 

^7  5*^3^600 

~ 0*049220 

Plence  it  is  evident  by  infpedlion,  that  the  terms  of 
the  equation  are  very  eafy  to  calculate.  For,  b being 
the  radix  or  root  of  the  common  fyftem  of  logarithms, 
and  all  the  terms  on  the  fecond  fide  of  the  equation 
being  tlie  powers  of  b,  thefe  terms  arc  confequcntly 
the  tabular  natural  numbers  having  the  variable  expo- 
nents for  their  logarithms.  Now  as  x rifes  only  to  the 
Grft  power,  and  is  multiplied  by  a conftant  number,  and 
another  conftant  number  being  added  to  the  produft, 
gives  the  variable  exponent,  or  logarithm  ; to  which 
then  is  Immediately  found  the  correfpoeding  natural 
number  in  the  table  of  logarithms. 

In  the  above  formula,  the  two  laft  terms  may  be  en- 
tirely omitted,  as  very  fmall,  as  fai*  as  to  the  90th  de- 
gree of  the  thermometer  ; and  even  above  that  tempe- 
rature thofe  two  terms  make  but  a fmall  part  of  the 
whole  formula. 


And  for  the  fpirit  of  wine  the  formula  is 


a-\-cx 

h b 


h -h-b  —A. 


a' 

r 

c 

e 


y 


a-^-cx  a-^c'x  c + f 

b —h 


I" 


X 


Where  .r  andy,  as  before,  denote  the  abfeifs  and  ordi- 
nate of  the  curve,  or  the  temperature  and  expanGve 
force  of  the  vapour  from  the  fpirit  of  wine  ; alfo  the 
values  of  the  conftant  quantities  are  as  below  : 
h = I o * 

a = — 0*04853 
c ~ 0*02393 

— o‘634'4 

0*066532 

— 2-509542 
0*046473 

1*790192 

0*029448 
1*12647 

This  formula  is  of  the  fame  nature  aS  the  forme?, 
having*  alfo  the  like  eafe  and  convenience  of  calcula- 
tion  ; and  perhaps  more  fo ; as  the  fecond  term 

d *1*  L • * t • 

b ‘ ) having  its  exponent  wholly  negative,  foon 

diminiftres  to  no  value,  fo  as  to  be  omitted  from  the 
loth  degree  of  temperature  ; alfo  the  difference  be- 


■ m 
A 


Where  x denotes  the  alffciffes  of  the  curve,  or  the  de- 
grees of  Reaumur’s  thermometer  ; andy  the  correfpond- 
ing  ordinates,  or  the  heights  of  the  column  of  mer- 
cury in  Paris  inches,  reprefenting  the  ftrength  or  elaftl- 
city  of  the  vapour  anfwering  to  the  number  .v  of  de- 
grees of  the  thermometer.  Then,  by  comparing  this 
formula  with  a proper  number  of  the  experiments, 
the  values  of  tire  conftant  quantities  come  out  as  be- 
low : 

b z=  lo* 
a = 0*068831 

.c  r=  0*019438 

zi:  0*013490 


tween  the  laft  two  terms  — b ' b mar 

be  omitted  till  the  70th  degree,  for  the  fame  reafon. 
So  that,  to  the  loth  degree  of  temperature  the  theorem 

. , ,a^cx  .a^-^Fx 

is  onlyy=3  -f  ^ — yf ; and  from  the 

loth  to  the  70th  degree  it  is  barely  y ~ h ' — A • 

after  which,  for  the  laft  15  or  20  degrees,  for  great 
accuracy,  the  laft  two  terms  may  be  taken  in. 

A compendium  of  the  table  of  the  experiments  lierc 
follows,  for  the  vapour  of  both  water  and  fpirit  of 
wine,  the  temperature  by  Reaumur’s  thermometer,  and 
the  barometer  in  French  inches. 
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Talk  of  the  renperalure  and  Strength  of  the  Vapour  of  Water  and  Spirit  of  Wine,  ly  Reaumur's  Thermometer , 
\ ' and  Fre7ich  Inches, 


lieight  of  the  Barometer  for 


' Degr.  of 
iReau.  Ther. 

I I 

\ 

I ' ^ 

i 4 

5 

6 


Vapour  of 
Water, 


Vapour  of 
Spirit  of  Wine, 


/ 


9 

10 

1 1 

1 2 

^3 

H 

15 

16 

17 

18 
T9 

20 

2 1 

22 

o n 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

41 

42 

43 

•44 

45 

.46 

47 

48 

49 

50 

51 

52 

53 

54 

55 


0*01  76 
C '0:^46 
0-0938 
00747 
0*1038 

0‘I2I  T 
01  508 
0*1741 
0*2073 
0*2304 
0*2681 
0*3039 

‘^•3419 

0*3877 

o-+2,-8 

0- 4778 
0*^208 
0*9730 
o’6283 
0*6872 

<^*7497 

0*8 1 59 

0*8863 
0*9610 
1*0402 
1*1239 
I *2 1 27 
1*3068 
1 *4065 
1*50  1 9 
I'6333 
‘•74 '3 

1- 8671 

I *9980 

^*1374 

2*2846 

2*4401 

2*6049 

2*7780 

2*971  I 

3-T544 

3*3583 

3*5735 

3*8005 

4*0399 

4*2922 

4*9982 

4*8386 

5*J34^T 

5*4453 

9*7706 

6*1 194 
6*4834 
6*866*7 


*2798 


0*0043 

0*02o8 

0*0478 

0*0827 

0*1299 

0*1794 

0*2377 

0*3024 

0*3733 

0*4902 

0*9130 

0*6098 

0*7040 

0*8077 

0*9172 

1*0330 

t*T553 

1*2846 

I *421 2 

i-jfi55 

I 7180 

1*8791 

2*0494 

2*2203 

2*4194 

2*6202 

2*8329 

3*0568 

3*2937 

3*5441 

3*8087 

4*0883 

4'3^37 

4-6958 

3*02c6 

5*374T 

5*6423 

6*1315 

6*5426 

6*9770 

7*4360 

7 *9  2 11 

^•4336 

8*9751 

9*54:6 

10*1516 
10*7906 
1 1*4606 
X 2*1 800 
12*9340 
13*7300 
14*5720 
1 9 *46 1 o 
16*4000 
17*3930 


; Deg.  of 
Reau.  Ther 


56 

57 

58 

59 

60 

61 

62 

63 

64 

^5 

66 

67 

68 

69 

70 

7T 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 
87 

83 

89 

90 

9T 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 
302 

103 

304 

105 

106 

107 

108 

109 

110 


Height  of  the  J3arometer  foi 


• Vapour 
of  W^ater. 


7.6948 
8M412 
8*6221 
9*1071 
9*6280 
10*1767 
10*7098 
11*3602 
1 1 *9976 
1 2*6687 

13*3743 

1 4*  1 1 6 £ 

14*8998 

1^7153 

16-577 

17*482 
t8*433 
T9*433 
20*489 
2 1*587 
22*746 
23*965 
29*260 
26*588 
28*006 

29*455 

30*980 

32*575 

34*251 

35‘984 

37*800 

39-697 

41*642 

43*730 

49*870 

48*092 

90*408 

92*785 

55*^53 

57*801 

60*423 

63*108 

65-877 

68*692 

71*552 

74*444 

77*359 

80*268 

83*259 

85*992 
88*73  5 
91-367 
93*815 
96*039 

98-556 


Vapour  of 
Spirit  of  Wine. 


18-4420 
19*5081 
20*6286 
2 1*607  1 
23*0544 

24*3451 

25*6107 

27*1444 

28*6483 

30*2262 

31*8795 

33*6114 

35*4258 

37-3232 

39-3076 

41*3807 

43*54^5 

49*8042 

48*1589 

50*6096 

53*1593 

55-8095 

58-3968 

61*2097 

64-3524 

67-4095 

70-4967 

73-7647 

77-0764 

00*4708 

83-9351 

87*4625 
91  *1366 
94*6980 
98*2764 
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M.  Betancourt  deduces  feveral  ufeful  and  ingenious 
confec^uences  and  applications  from  this  courfe  of 
experiments.  He  (hews,  for  inftance,  that  the  effeft  of 
Steam  engines  muft,  in  general,  be  greater  in  winter 
than  in  ftimmer ; owing  to  the  different  degrees  of 
temperature  in  the  water  of  inje<9;io-n.  And  from  the 
very  fuperior  ftrength  of  the  vapour  of  fpirit  of  wine, 
over  that  of  water,  he  argues  that,  by  trying  other 
fluids,  fame  may  be  found,  not  very  expenfive,  \Wiofe 
vapour  may  be  fo  much  Itronger  than  that  of  water, 
with  the  fame  degree  of  heat,  that  it  may  be  fubilituted 
inftead  of  water  in  the  boilers  of  Steam-engines,  to  the 
great  faving  in  the  very  heavy  expence  of  fuel : nay, 
he  even  declares,  that  fpirit  of  wine  itfelf  might  thus 
be  employed  in  a machine  of  a particular  conltrudfion, 
which,  with  tire  fame  quantity  of  fuel,  and  with- 
out any  incieafe  of  expence  in  other  things,  fliall  pro- 
duce an  effect  greatly  fuperior  to  what  is  obtained  from 
the  fleam  of  water.  He  makes  feveral  other  obferva- 
tions  on  the  working  and  improvement  of  Steam- 
engines. 

Another  ufe  of  thefe  experiments,  deduced  by 
M.  Betancourt,  is,  to  meafure^  the  height  of  moun- 
tains, by  means  of  a thermometer,  immerfed  in  boiling- 
water,  which  he  thinks  may  Be  done  wuth  a preciiioii 
equal,  if  not  fuperior,  to  that  of  the  barometer.  As 
foon  as  I had  obtained  exadl  refults  of  my  experiments, 
fays  he,  and  was  convinced  that  the  degree  of  heat 
received  by  water  depends  abfolutely  on  the  preffuie 
upon  its  furface,  I endeavoured  to  compare  my  obferva- 
tions  with  fuch  as  have  been  made  on  mountains  of 
different  heights,  to  know  what  is  the  degree  of  heat 
wBich  w^ater  can  receive  when  the  barometer  flands  at 
u determinate  height  j but  from  fo  few  obfervations 
having  been  made  of  this  kind,  and  the  different  wmys 
employed  in  graduating  inftruments,  it  is  difficult  to 
draw  any  certain  confequcnces  from  then). 

The  firft  obfervation  wdiich  M.  Betancourt  compared 
with  his  experiments,  is  one  mentioned  in  the  Memoirs  of 
the  Academy  of  Sciences,  anno  1740,  page  92.  It  is 
there  faid,  that  M.  Monnier  having  made  water  boil  upon 
the  mountain  of  Canigou,  where  the  barometer  flood 
at  20*18  inches,  the  thermometer  immerfed  in  this 
waterflood  at  a point  anfwering  to  71  degrees  of  Reau- 
mur : whereas  in  M.  Betancourt’s  table  of  experiments, 
at  an  equal  preffure  upon  the  furface  of  the  water,  the 
thermometer  flood  at  73*7  degrees.  This  difference 
he  thinks  is  owing  partly  to  the  w-ant  of  precifion  in 
the  obfervation,  and  partly  to  the  different  method  of 
graduating  the  thermometer,  and  the  negled  of  purg- 
ing the  barometer  tube  of  air.  ^ 

M.  Betancourt  next  compared  his  experiments  with 
fome  obfervations  made  by  M.  Be  Luc  on  the  tops  of 
feveral  mountains  ; in  which,  after  reducing  the  fcales 
of  this  gentleman  to  the  fame  meafiires  as,  his  own,  he 
finds  a very  near  degree  of  coincidence  indeed.  The 
following  table  contains  a fpecimen  of  thefe  campari- 
fons,  the  inflances  being  taken  at  random  from  De 
JLuc's  treatife  on  the  Modifications  of  the  Atmo- 
fpherc. 


."■i.ua.c  ; .-W  M.  ^ 

t 

Degrees  of  Heat  in  Boiling  IV ater  upon  the  \ ( 
Tops  of  Mountains,  cbferved  hy  De  Luc.  jl 

HI 

Heat  of  the 
Water  in  M. 
Betancourt’s 
Experim. 

Places  of 
Obfervation, 

Heat  of 
the  air. 

Height  of  ^ 
the  Bar.  | 

Heat  of  the  ij 
Wa.byTh. 

Beaucaire 
Geneva  - - 

Grange  Town 
Lansle  Bourg 
Grange  le  F. 
Grenairon 
Glaciere  de  B, 

14^ 

15 
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28*248 

37*o56 
24*5  10 
24-145 
24*089 
20*427 

1 19*677 

8o*37 

79’33 

77*11 

77-18 

76*76 

■jyiS 

72-56 

80*29 

79'33 

77-42 

77’09 

73-89 

73-^4  j 

Where  it  is  remarkable,  that  the  difference  between 
the  two  is  of  no  confequence  in  fuch  matters. 

Many  other  advantages  might  be  deduced  from  the 
exadf  knowledge  of  the  effadt  which  the  preflure  of  the 
atmofphcre  has  upon  the  heat  which  water  can  receive 
one  of  which,  M.  Betancourt  obferves,  is  of  too  great 
importance  in  phyfics  not  to  be  mentioned.  As  foon 
as  the  thermometer  became  known  to  philofophers,, 
almoft  every  one  endeavomxd  to  find  out  two  fixed^ 
points  ta  diredt  them  in  dividing  the  fcale  of  theinflru- 
ment ; having  found  that  fthofe  of  the  freezing  and 
boiling  of  waster  were  nearly  conflant  in  different; 
places,  they  gave  thefe  the  preference  over  all  others  t. 
but  having  difeovered  that  water  is  capable  of  re- 
ceiving a greater  or  iefs  quantity  of  heat,  according; 
to  the  preffure  of  the  atmofphere  upon  its  furface,  they 
felt  the  peceffity  of  fixing  a certain  conflant  value 
that  preffure,  which  it  was  almoft  generally  agreed* 
fhould  be  equal  to  a column  of  28  French  inches  of; 
mercury,  Tiiis  agreement  however  did  not  remove  alb 
the  difficulties.  For  infta«ce.  If  it  were  required  to^ 
conftrudl,  at  Madrid  a thermometer  that  might  be  com- 
parable with  another  made  at  Baris,,  the  thing  would 
be  found  impoffible  by  the  means  hitherto  known,  be— 
caufe  the  barometer  never  rifes  fo  high  as  27  inches  at. 
Madrid  ; and  It  was  not  certainly  known  how  much, 
the  fcale  of  the  thermometer  ought  to  be  Increafed  to 
have  the  point  of  boiling  water  in  a place,  where  the 
barometer  is  at  28  inches,-  But 'by  making  ufe  of  the 
foregoing  obfervations,  the  thing,  appears  very  eary^^^ 
and  It  is  to  b€  hoped  that  by  the  general  knowledge 
of  them,  thermometers  may  be  brought  to  great  per- 
fedliqn,  the  accurate  ufe  of  which  is  of  the  greatefl 
importance  In  phyfics. 

Befides,  without  being  confined  to  the  height  of- 
the  barometer  in  the  open  air,  in  a given  place,  we. 
may  regulate  a thermometer,  according  to  any  one  al- 
figned  heat  of  water,,  by  means  of  fuch  an  apparatus 
as  M.  Betancourt’s.  For,,  in  ^order  to  graduate  a 
thermometer,  having  a barometer  ready  divided;  it  is 
evident  that  by  knowing,  from  the  foregoing  table  of 
experiments,  the  degree  of  heat  anfwenng  to  any  one 
expanfive  force,,  we  can  thence  affign  the  degree  of  the* 
thermometer  correfponding  to  a certain  height  of  the 
barometer.  A determination  admitting  of  great  preci- 
fion, efpecially  in  the  higher  temperatures,  where  the 
motion  of  the  barometer  is  fo  confiderable.  in  refped  to 
that  of  the  thermometer. 
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